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NOTICE

This study was supported by the Bureau of Land Management through

interagency agreement with the National Oceanic and Atmospheric Admin-

istration, under which a multi-year program responding to needs of

petroleum development of the Alaskan continental shelf is managed by the

Outer Continental Shelf Environmental Assessment Program (OCSEAP) Office.

The Environmental Research Laboratories do not approve, recommend,

or endorse any proprietary product or proprietary material mentioned in

this publication. No reference shall be made to the Environmental Res-

search Laboratories or to this publication furnished by the Environmental

Research Laboratories in any advertising or sales promotion which would

indicate or imply that the Environmental Research Laboratories approve,

recommend, or endorse any proprietary product or proprietary material

mentioned herein, or which has as its purpose an intent to cause directly

or indirectly the advertised product to he used or purchased because of

this publication.
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PREFACE

This report summarizes the results of the environmental studies program

conducted April 1, 1976 to March 31, 1977 in preparation for oil and gas

leasing on the Outer Continental Shelf (OCS) of Alaska. The program is

managed by the National Oceanic and Atmospheric Administration (NOAA) through

the Outer Continental Shelf Environmental Assessment Program (OCSEAP) under

interagency agreement with the Bureau of Land Management (BLM). This summary

draws together the results of research of approximately 150 principal investi-

gators, representing several different scientific disciplines, in the nine OCS

lease areas of Alaska. The research results of the individual investigators

are presented and discussed in Annual and Quarterly Reports to OCSEAP, which

are collected and bound in a separate OCSEAP report series.

OCSEAP was instituted in May 1974, when the Bureau of Land Management

requested that the National Oceanic and Atmospheric Administration initiate a

program of environmental assessment in the Northeastern Gulf of Alaska in

anticipation of possible oil and gas lease sales in the region early in 1976.

These studies, outlined in the document "Environmental Assessment of North-

eastern Gulf of Alaska - First Year Program," were initiated in July 1974.

In October 1974, a major expansion of the environmental assessment

program was requested by BLM to encompass five additional areas of the Conti-

nental Shelf of Alaska during the FY 1975-1976 period. After an intensive

planning effort a program proposal entitled "Environmental Assessment of the

Alaskan Continental Shelf, First 18-month Program - Gulf of Alaska, South-

eastern Bering and Beaufort Seas, April 1975," was published. Subsequently,

in response to a BLM request in December 1975, scientific efforts were ex-

tended into the northern Bering Sea, Chukchi Sea, and Lower Cook Inlet, as
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described in "Environmental Assessment of the Alaskan Continental Shelf--

Extended FY 76 Study Program, February 1976."

In December 1976, a Program Development Plan, which brings into one

document the planned program for all nine proposed lease areas of the Alaskan

OCS including work underway and planned, was completed. The nine areas,

extending from the Northeastern Gulf of Alaska (NEGOA) in the south to the

Beaufort Sea in the north, are shown in Figure 1.

The protection of the marine and coastal environment is a direct out-

growth of the National Environmental Policy Act of 1969. The overall objec-

tive of the program is to develop meaningful data, in a usable form and in a

timely manner, so that any required preventive or corrective actions can be

taken before serious or irreversible impacts occur.

Specific objectives of the BLM environmental studies program for all OCS

areas, including the nine Alaska areas and non-specific lease area studies

are:

1. To provide information about the OCS environment that

will enable the Department of the Interior and the Bureau

of Land Management to make sound management decisions re-

garding the development of mineral resources on the

federal OCS.

2. To acquire information that will enable BLM to identify

those aspects of the environment that might be impacted

by oil and gas exploration and development.

3. To establish a basis for prediction of impact on the

environment of OCS oil and gas activities.
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Figure 1. Alaskan Outer Continental Shelf Lease Areas



4. To acquire impact data that may result in modification

of leasing regulations, operating regulations, and OCS

operating orders, to permit more efficient resource

recovery with maximum environmental protection.

In response to these program objectives, the Alaskan OCS Environmental

Assessment Program has identified six tasks, which together provide a sound

basis for evaluating the potential environmental impacts of OCS oil and gas

development. The six tasks, listed below, are discussed at length in the

OCSEAP Program Development Plan. The results of the past year's studies are

presented in this annual technical summary report by task for each lease area.

A. Contaminant Baselines - Determination of the pre-develop-

ment distribution and concentration of potential contam-

inants commonly associated with oil and gas development.

B. Sources - Determination of the nature and magnitude of

contaminant inputs and environmental disturbances that

may be assumed to accompany exploration and development

on the Alaskan continental shelf (provided by BLM).

C. Hazards - Identification and estimation of the potential

hazards posed by the environment to petroleum explora-

tion and development.

D. Transport - Determination of the ways in which contami-

nant discharges move through the environment and how

they are altered by physical, chemical and biological

processes.
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E. Receptors - Reconnaissance and characterization of the

biological populations and ecological systems that are

subject to impact from petroleum exploration and devel-

opment.

F. Effects - Determination of the effects of hydrocarbon

and trace element contaminants on individuals, popula-

tions, and ecological systems.

The prediction and assessment capability created by the six tasks is

an integral part of timing decision, tract selection process, environ-

mental impact statements, permits, regulations and other management deci-

sions of the Department of the Interior (Figure 2).
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Figure 2. RELATIONSHIP BETWEEN INDIVIDUAL RESEARCH UNITS (RU) AND THE

ASSESSMENT PREDICTION FUNCTION OF BLM. ALSO, THE SEQUENTIAL

RELATIONSHIP AMONG THE SIX TASKS, WITH FIVE FEEDING INTO

EFFECTS AND THENCE TO ASSESSMENT
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SECTION I

NORTHEAST GULF OF ALASKA: ENVIRONMENT, BIOTA, AND

POTENTIAL PROBLEMS RELATED TO OIL EXPLORATION

A Scientific Report Based on

OCSEAP-Sponsored Research Conducted

During FY 1977
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Chapter I-1

INTRODUCTION

The Northeast Gulf of Alaska (NEGOA) was the first Outer Continental

Shelf (OCS) area in Alaska to be selected for oil and gas development (Fig.

I-1-1). Environmental studies were initiated in July 1974 and leasing oc-

curred in April 1976. Initial focus in NEGOA OCS studies was on providing the

BLM with as much of the specific information as possible which was needed

before leasing and exploration began. For example, geological hazards were

known to present complex problems in NEGOA, thus a large effort in geological

and seismic studies was begun. Similarly, circulation studies were initiated

to provide critical data on pollutant pathways that might impact tract selec-

tion decisions.

Late in FY 76, emphasis in NEGOA shifted from broad scale descriptive

offshore studies toward more specific nearshore studies. Transport studies

initially focused on offshore circulation, where a large body of knowledge was

available and where existing instrumentation could obtain the required measure-

ments. These studies provided boundary information for subsequent smaller

scale projects in inshore areas where impingement from OCS oil and gas devel-

opment is most probable. Biotic resource studies from 1974-1976 were largely

conducted at a moderate level of precision (reconnaissance) and provided order

of magnitude data on the distribution and abundance of principal species, some

trophic relationship information, and descriptions of the environment of the

populations. This level of precision is believed adequate to give a reliable

indication of vulnerability to impingement. Future studies will proceed

logically from our present understanding of vulnerability to studies of key

environmental processes and ecological interrelations.
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FIG. 1-1-1. The Northeast Gulf of Alaska; present lease areas stippled.



In January of 1977, OCSEAP hosted an interdisciplinary Synthesis

Meeting attended by many of the Principal Investigators pursuing research

in the NEGOA region. Their discussions resulted in an assessment and

summary of the current state of knowledge concerning the NEGOA OCS region

(SAI/NOAA NEGOA Synthesis 1977).

A second generation of NEGOA area lease sales was previously scheduled

for mid-1979. The U.S. Department of Interior has frequently revised OCS

sales schedules and their most recent listing (August 1977) extends through

1981.
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Chapter I-2

CONTAMINAN, BASELINES

INTRODUCTION

Petroleum exploration and production activities may release hydrocar-

bons and trace metals into the marine environment of the Gulf of Alaska.

Because of the potential toxicity of these contaminants to the indigenous

biota, it is eSsential to know the ambient concentrations of petroleum

hydrocarbons and trace metals in the Alaskan OCS. NOAA/OCSEAP-funded

research in NEGOA and in other proposed lease areas is designed to establish

the total content and composition of hydrocarbons, the spatial and seasonal

distribution of low molecular weight hydrocarbons (LMWH), and the content

and speciation of selected trace metals.

HYDROCARBON CONTENT AND COMPOSITION

Based on hydrocarbon analyses of biota, water, sediment, and seston,

Shaw (RU #275/265/294, April 1977) concludes that petroleum contamination

present in the Alaskan OCS environment is minimal.

The hydrocarbon content of surface waters in the NEGOA lease area in

February and April was usually less than one part per billion; however,

the hydrocarbon content was higher in the April samples. According to

Shaw, these higher levels were associated with the spring plankton bloom,

reinforcing the idea that the hydrocarbons present are of biogenic origin.

Tar samples collected in the seston yielded an arithmetic mean of

2.17 x 103 mg/m2. In the NEGOA lease area, 10 seston tows of 740 m each

produced only 120.4 mg tar or 0.016 mg/m2. Tar was collected in only two

of the ten tows. Shaw compares these data to floating tar concentrations
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between Alaska and Hawaii. On this cruise, he found the mean tar level

was 0.17 mg/m2 and observed some tar in every tow.

Analyses of the alga Fucus distichus indicates that the content of

biogenic hydrocarbons is less variable than in animals; however, distinct

changes occur as the result of seasonal, growth, and reproductive cycles.

The major hydrocarbons identified were pentadecane, heptacosane, various

polyolefins and squalene, all of which are biogenic.

Low Molecular Weight Hydrocarbons (C1 to C4)

One of the objectives of the low molecular weight hydrocarbons (LMWH)

baseline survey is to determine the role of these compounds as tracers of

petroleum contamination (Cline, RU #153/155, April 1977). Since C1 to C4

alkanes are commonly synthesized by marine organisms, it is necessary to

establish background levels before attempting to determine the contribution

of C1 to C4 alkanes from petrogenic sources.

Methane (C[subscript]1)

Cline (RU #153/155, April 1977) reports that surface waters over the

NEGOA shelf generally contain 100 to 300 nl/l of methane year round.

Methane concentrations in excess of 300 nl/l were measured in surface water

collected (1) southwest of Kayak Island and northwest of the Copper River

Delta (April: > 300 nl/l), (2) near Icy Bay (July: 600 nl/l), and (3) at

the entrance to Yakutat Bay (July: 1,683 nl/l).

Seaward of the shelf, the concentration of methane in the surface

waters was generally less than 100 nl/l. This concentration reflects

near saturation levels with respect to the overlying atmosphere and the low

productivity of oceanic waters.
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The concentration of methane in the near-bottom waters (5 m above the

bottom) is generally higher and more variable than those levels measured at

the surface, reflecting temporal sources and/or highly variable circulation

patterns. Typically, the region south of Prince William Sound between

Montague and Kayak Islands is characterized by methane concentrations greater

than 400 nl/l, especially in the region surrounding Tarr Bank. The maximum

levels measured in the near-bottom waters was 1,577 nl/l in November in the

Hinchinbrook Sea Valley and 1,544 nl/l in July in the area north of Tarr Bank.

Seasonally, the highest methane concentrations measured by Cline (RU #153/155,

April 1977) occurred in July, followed by those in November. The lowest

levels measured were from those samples collected in April.

Except for the anomalous values recorded in the surface water of

Yakutat Bay, Cline (RU #153/155, April 1977) is confident that the methane

is of biogenic origin.

Ethane and Ethene (C2 )

The concentration of ethane in the surface waters was rather uniform

in April and November and averaged 0.2 and 0.5 nl/l,, respectively (Cline,

RU #153/155, April 1977). In July, ethane levels in the surface waters

increased markedly at all stations sampled and averaged greater than

0.80 nl/l. Ethane levels were highest east of Icy Bay and a concentration

of 11.4 nl/l was recorded at the entrance to Yakutat Bay. This high ethane

concentration was associated with anomalous methane and propane levels.

Seasonal variations in ethane concentration in water samples collected

near the bottom were uniform, ranging from 0.2 to 1.3 nl/l (Cline, RU #153/155,

April 1977; Cline and Feely, RU #153/155, June and September 1976). The

average concentration of ethane in the near-bottom samples was 0.4 nl/l.
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Concentrations of ethene, which is produced more readily by biogenic

activity than its saturated homolog (ethane), were rather uniform throughout

the area but varied seasonally. This seasonal response reflects the seasonal

variability in phytoplankton activity. In July, the concentration of ethene

in the surface water samples ranged from 1.5 nl/l near the Copper River to

3 nl/l near Icy and Yakutat Bays, and averaged 2.6 nl/l for the entire area.

The mean concentration of ethene was 0.7 nl/l in April and November.

The concentration of ethene in the water samples collected near the

bottom was typically lower than for those collected at the surface. These

lower values reflect phytoplankton activity decreasing with depth.

Propane and Propene (C3 )

Surface and near-bottom concentrations of propane are seasonally and

spatially invariant (Cline, RU #153/155). The mean concentration of propane

in surface water samples was 0.2 nl/l in November and 0.4 nl/l in July.

The average concentration of propane in the near-bottom water samples was

0.25 nl/l for both sampling periods. No data were available for April. The

maximum propane concentration measured in the Alaskan OCS was 4.6 nl/l in

the surface water samples at the entrance to Yakutat Bay.

The concentration of propene, a product of biogenic activity, is

typically higher than propane and reflects seasonal variations in phyto-

plankton activity. In July, the concentration of propene in the surface

waters was generally greater than 1 nl/l and averaged 1.3 nl/l. This compares

with levels of less than 0.3 nl/l recorded in November.

The average concentration of propene in the near-bottom waters was

0.35 nl/l in July, markedly lower than that in the surface waters. This

level was similar to that computed in November (Cline and Feely, RU #153/155,

September 1976).
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Isobutane and n-butane (C4 )

Cline (RU #153/155, April 1977) reports that the seasonal concentra-

tions of butanes were at or below the detection limit of 0.03 nl/lR.

Diagnostic Indicators of Petroleum Introduction

Cline (RU #153/155, April 1977) reports that the ratio of the methane

concentration to the sum of the ethane and propane concentrations has been

used to successfully identify petrogenic sources of contamination in the

Gulf of Mexico. However, the break point for isolating sources as petrogenic

or biogenic is somewhat vague. As a result of this ambiguity and based

on the fact that olefins are not found in petroleum, Cline believes that

the ratio of the saturate to its olefin homolog will be more indicative of

petroleum contamination.

In NEGOA, the ratio of ethane to ethene was 0.45 for all samples

collected. Cline notes that this ratio never exceeds 1.0 in the Alaskan

OCS, except for a known seep in Norton Sound and the anomalous values

measured at the entrance to Yakutat Bay. Because of the higher ratios

recorded in the known petroleum source (Norton Sound), the anomalous values

recorded at Yakutat are implicated as petrogenic in origin.

HEAVY METALS

The primary concern of NOAA/OCSEAP heavy metal research is the fate

of these pollutants in the marine environment and their potential as

contaminants to man in food pathways. Heavy metal pollution may result

from metal components of crude oil spilled, metal fractions released in

the discharge of drilling muds and cuttings, and mobilization or removal

as the result of perturbations to the geochemical environment by massive

oil spills. Since the sediments are the ultimate sink of heavy metals,
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perturbations in the surficial layers may cause significant remobilization

into or removal from adjacent waters. Since the heavy metal content of

the marine environment is often reflected in various biotic tissues, the

benthos may be an "index" of changes occurring in the geochemistry of the

near-bottom waters and surficial sediments.

In the NEGOA lease area, Burrell (RU #162/163/288/293/312, April 1977)

described the heavy metal content of the water as uniform throughout the

area and uniformly low. The average concentrations of silver, cadmium,

copper, mercury, nickel, lead, vanadium, and zinc in filtered bottom waters

were 0.009, 0.03, 0.3, 0.007, 0.65, 0.04, 1.5, and 0.3 pg/l, respectively.

These values are consistently lower than the accepted mean concentrations

of 0.04 (Ag), 0.1 (Cd), 0.5 (Cu), 0.03 (Hg), 1.7 (Ni), 0.03 (Pb), 2.5 (V),

and 5.0 (Zn) i/g/l found in oceanic waters. However, Burrell cautions that

the oceanic values may be erroneously high.

Unlike the water soluble fraction, the particulate heavy metal content

was higher near the bottom and nearshore than in the surface or oceanic

waters.

Fuous sp. samples collected from Anchor Cove in Day Harbor and from

Cape Yakataga contained unexpectedly high copper levels (27.0 and 37.5 Ig/g,

respectively). Neptunea sp. (the giant snail) collected from NEGOA contain

high concentrations of copper, cadmium, and zinc. The concentrations of

heavy metals were also high in fepiunea collected from the Bering Sea.

Crabs caught from both the Bering Sea and NEGOA contained uniformly low

concentrations of cadmium, copper, nickel, and zinc. Even though the heavy

metal burden is elevated in these organisms, Burrell concludes that the

heavy metal contents of the Alaskan OCS biota are as low or lower than levels

measured in organisms collected outside of Alaskan waters.
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Chemical extracts indicate that the heavy metal concentrations are

highest in the fine-grained sediments of NEGOA. A comparison to other lease

areas indicates that the metal content of the bottom sediments increases

from the Bering Sea to NEGOA; intermediate levels were measured in the

northwest Gulf and in Cook Inlet.

To avoid the exorbitant sample contamination resulting from the ubiq-

uitous distribution of heavy metals, it is essential that sample collection

and analysis guidelines be established. Barnes et al. (RU #47, April 1977)

have found that polyethylene containers, when satisfactorily cleaned, do

not contribute to inorganic trace contamination. Samples may also be stored

for years in such containers, provided vaporization is prevented. Water

samples should be frozen immediately and maintained in a frozen state until

analyzed.

These investigators, using graphite furnace atomic absorption spectro-

metry, found that accurate measurements could be obtained on as little as

100 ml of Alaskan marine water. Barnes et al. noted that a preconcentration

step also removes ions (e.g., Na, K, Ca, Mg) which cause interference in

various analytical techniques. As a result, atomic absorption, neutron

activation, and x-ray fluorescence may be used to measure heavy metal con-

centration.

CHARACTERIZATION OF ORGANIC MATTER IN SEDIMENTS

During summer 1976 Peters and Kaplan (RU #480, April 1977) collected

96 surface sediment samples from Cook Inlet, Kodiak Shelf, Northern Bering

Sea and Beaufort Sea for analysis of hydrocarbons, carbon, nitrogen, and

sulfur.
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Their major interpretive results are included in Appendix I of

RU #480: "Fulvic acids, humic acids, and kerogens from sediments of the

Gulf of Alaska and Eastern Bering Sea." Most of the organic matter intro-

duced to depositional basin is oxidized in the water column or surficial

sediments to carbon dioxide and water. The remaining non-living organic

matter consists predominantly of materials resistant to microbial degrada-

tion: fulvic acids (FA), humic acids (HA), and kerogen (KE). The organic

content of sediments within the study area were assessed with respect

to these three categories, and observations were made as to their relative

ratios.

On the average, 82% of total organic carbon in each sample was present

as non-biodegradable FA, HA and KE. Relatively coarse-grained, well-sorted

Alaska sediments contain less FA and HA than other samples examined. This

is probably due to winnowing. The lack of correlation between FA and HA

and KE indicates that the amount of kerogen is independent of the concen-

tration of humic substances. This could be attributed to KE having a

diagnetic or allochtonous origin or to the apparent winnowing of humic

substances from well-sorted sediments.

Map plots of FA/HA ratios indicate that this ratio is generally high

near shore (particularly in protected areas) and decrease toward deeper-

water localities. This may be a result of: (1) the depositional environ-

ment and the degree of diagenesis (for example turbidity, depth of water

column, depth of sediment burial) and redox conditions, or (2) mixing of

marine and terrestrial humic substances, each with their characteristic

FA/HA ratio. The influence of the various parameters mentioned and what

the actual trends reflect is a matter of speculation. However, carbon
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isotope data support the contention that the relative proportions of marine

and terrestrial organic matter influence the fulvic/humic acid ratio.

SUSPENDED PARTICULATE MATTER

Feely and Cline (RU #152, April 1977) continued their studies of

suspended particles in marine coastal waters of NEGOA. Such particles

play an important role in regulating the chemical form, distribution, and

ultimate deposition of many pollutants. Some toxic elements in particulate

form are transported to the oceans, via river runoff, where they are re-

leased at the freshwater-seawater interface. Other contaminants, such as

certain trace elements and petroleum hydrocarbons, are adsorbed onto the

surfaces of suspended particles and are subsequently removed by the sedi-

ments as the particles settle.

Dominantly inorganic surface samples (i.e., samples in which the

sum of the major element concentrations expressed as oxides is greater

than 60 percent of the total suspended load) from the NEGOA region are

primarily composed of clay-sized terrestrial particles mainly from the

Copper and Bering Rivers.

Samples of suspended particulate matter taken 5 m above the bottom

exhibit major element concentrations similar to the dominantly inorganic

surface and river samples. However, the trace elements Ni and Cu are

depleted in the samples from this region.

The surface distribution of particulate Al, Cr, and Fe reveals a

significant decrease in concentration in seaward direction, being highest

in the fine-grained terrestrial material that is discharged from the coastal

rivers. Particulate distributions of Cu, Ni, Zn, and Pb, on the other

hand, show significant concentration increases for offshore stations.
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These elements, which are present in notable amounts in the suspended

matter discharged by rivers, have been shown to be highly correlated to

biological activity, and significant uptake during primary production may

be occurring.

Interelement scatter plots between particular elements and aluminum

were drawn to see if the variable concentration of a particular element

could be directly related to the abundance of a particular solid phase

such as terrestrial rock debris or organic matter. A weathered rock debris

origin, for example, will give a linear correlation between a certain ele-

ment and aluminum and a particulate organic matter origin will give a

linear correlation between a certain element and carbon.

Scatter diagrams of data from NEGOA suggest that Fe, Cr, Mg, K, Ti,

and Mn are associated with terrestrial rock debris discharged from the

coastal rivers and/or the resuspended sediments. On the other hand, Cu,

and to a certain degree Ni and Zn, show a fairly good correlation with

carbon, suggesting that the distribution of these elements in the surface

samples is primarily controlled by the particulate organic matter present.
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Chapter I-3

HAZARDS

SEISMICITY

Meyers (RU #352, April 1977) has completed his analysis of Alaskan

seismic history. A catalog of tsunamis (Cox et al., 1976) and an analysis

of earthquake intensities and recurrence rates (Meyers et al., 1976b)

have been added to the earthquake epicenter summary published last year

(Meyers, 1976a).

Earthquake intensity, magnitude, and distance relationships have been

extrapolated to produce a statewide plot of projected maximum intensities

experienced over the period 1786-1974 (Fig. 1-3-1). Earthquake recurrence

rates have been computed for 75 km radii from one degree latitude/longitude

intersection points (Table 4 of Meyers et al., 1976b). These data --

which should be viewed as minima -- indicate that about six earthquakes

per year of magnitude four or greater have occurred in the NEGOA region.

Earthquakes of magnitude seven or greater have occurred once every 25-80

years and of magnitude eight or greater approximately once per century

(Figs. 15, 16, 17 of Meyers et al., 1976b).

Since Lahr and Page (RU #210, April 1977) began their studies in 1974,

they have noted that the Icy Bay region has remained one of the most seis-

mically active areas in NEGOA. Seismic trends are aligned with both an

offshore anticline and an inferred onshore thrust fault. The offshore trend

intersects the Pamplona Ridge, the site of several large earthquakes in

1970, but presently seismically quiet. Focal mechanisms studies indicate

that shallow thrusting resulting from northwesterly compression provides

the best explanation for this seismic activity.
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FIG. 1-3-1. Maximum intensities (Modified Mercalli Scale) of earthquakes in or near Alaska, 1786-1974 (Meyers
et al., RU #352, April 1977), extrapolated from available field observations.



Thatcher and Plafker (RU #210, Appendix I, April 1977) have reevalu-

ated available seismic records of three great earthquakes that occurred

near Yakutat Bay at the turn of the century. Sykes (1971) regards the

Yakutat area as a seismic gap. Data from Meyers et al. (1976b) and Ando

(RU #210, Appendix II, April 1977) indicate a recurrence interval of as

little as 100 years for great earthquakes in this region; thus another

great earthquake could occur here within the next few decades. Much of

the eastern Gulf of Alaska could be affected, with resulting hazards to

coastal and offshore structures by strong ground shaking, tsunamis, and

submarine slumping.

FAULTING AND SEDIMENT INSTABILITY

FY 1977 was the third year of USGS environmental hazards and geologic

history studies of the northeast Gulf of Alaska (Carlson and Molnia,

RU #212/216, April 1977). Significant contributions in FY 1976 included:

* NEGOA bathymetry map.

* Sea floor sedimentary units map.

* Preliminary isopach map of Holocene sediments.

* Preliminary map of submarine slides and near-surface faults.

* Preliminary map of geologic structure.

FY 1977 work included detailed studies of seafloor stability; near-surface

and surface faulting and delineation of areas of rapid sedimentation.

Near-Surface Faulting

A prominent 18 km fault-associated scarp near Wessels Reef, Tarr Bank,

exhibits a vertical offset from 5-20 m. Empirical length versus surface

displacement relationships, established elsewhere, suggest that the 20 m

displacement on such a relatively short fault is best explained by repeated
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episodic movements. Three seismic events (magnitude <4) recorded from

Wessels Reef 1974-75 (Lahr and Page, RU #210, April 1976) indicate the

fault complex is currently active.

A series of east-west trending faults up to 30 km long and upthrown

to the north, lies west of Middleton Island; a 50 km-length fault complex,

also upthrown to the north, lies northeast of Middleton.

A 70 km fault zone subparallels the southeast coast of Kayak Island

and extends along the Kayak Platform. Minisparker profiles and sediment

samples indicate gas-charges (methane and higher molecular weight hydro-

carbons) are present along part of the fault trace. The gas could be

generated in situ within the Holocene sediments or may have migrated up

the fault plane.

Two clusters (100-125 km2) of fault scarps (2-5 m relief) occur in

lithified Tertiary rocks near the edge of the continental shelf south of

Kayak Island. Both are associated with anticlinal structures subparallel

to the shelf edge and may represent either step faulting related to anti-

clinal uplift or gravity slumping. Like Wessels Reef, this area is

seismically active (Lahr and Page, RU #210, April 1976).

While a few of the faults described above appear to cut Holocene

sediments, none have been found "... that unequivocally offset Holocene

sediment at the seafloor" (Carlson and Molnia, RU #212/216, April 1977).

Submarine Slides and Slumps

Seismic profiles indicate that irregular topography and disrupted

bedding characteristic of slides and slumps are present throughout the Copper

River prodelta region -- an area of 1,730 km2, extending 20 km offshore,

between Kayak and Hinchinbrook Islands. Sediment instability reflects high
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sedimentation rates and the lag between accumulation and consolidation,

which results in high pore pressures.

A major slide (max. dimensions: 18 km long, 15 km wide, 115 m thick)

was identified on the eastern edge of the Copper River Delta and had moved

down a one-degree slope into the Kayak Trough. Vane shear tests on box-

core samples collected from the slide surface yielded very low peak shear

2
strength values (0.03 kg/cm2) indicative of extremely weak cohesion. This

slide is apparently less than 270 years old. Likely triggering mechanisms

include the intense ground shaking that accompanies major earthquakes and

agitation by storm waves (wave heights of 10 m are common; 15 m waves occur

less frequently).

2
Seafloor slumping is also evident over an area of 1,100 km , seaward

of Icy Bay. Here slump masses up to 150 m thick lie buried 15-40 m within

Holocene sediments at water depths of 70-150 m. Instability probably

resulted from high sedimentation contributed by the meltwaters of nearby

coastal glaciers including the Malaspina Glacier (Carlson and Molnia,

RU #212/216, April 1977).

Possible Buried Ice

A significant and unexpected finding of Carlson and Molnia's research

is that an area of about 15 km2, located in water depths of 180-230 m at

the head of the glacially carved Bering Trough, may be underlain by relict

glacial ice. Extremely high sedimentation rates (10 m/1,000 years) in this

area may provide the necessary insulation to retard melting. Fathograms

of the possible ice-cored area show kame and kettle topography typical of

Pleistocene continental tills and of active ice-cored moraines of the

neighboring glaciers. The presence of irregular seafloor morphology in

1-19



this area of high sedimentation suggests active melting of buried ice in

order to maintain relief (RU #212/216, April 1977).

SEDIMENTATION RATES

Well stratified, actively accumulating, Holocene sediments form a

seaward thinning wedge from less than 5 m to almost 350 m thick, blanketing

much of the NEGOA continental shelf. Maximum thicknesses include: 350 m

east of the main channel of the Copper River, 260 m seaward of Icy Bay near

the Malaspina Glacier, 250 m between Hinchinbrook and Montague Island,

200 m south of the Bering Glacier, and 155 m at the southwest end of Kayak

Trough. Assuming that pre-depositional features of the shelf largely reflect

the effects of advancing and wasting ice sheets -- and that the last ice

sheet retreat was completed by 10,000 years B.P. -- nearshore deposition

rates of 10-35 m/1,000 years are indicated.

The absence of recent sediments on Tarr Bank and the Middleton Island

platform probably reflects the scouring action of swift bottom currents and

frequent storm waves. Television and side-scan sonar records indicate that

boulders and large cobbles (lag deposits) cover these areas.

NEGOA beach zone samples collected during 1969-70 and 1975 (Hayes and

Ruby, RU #59, April 1977) were sieved and mean grain size, standard deviation

and skewness were calculated for each sample. NEGOA coastal sediments vary

over an extremely wide grain size range, however, most beaches are composed

of mixes of sand and gravel and are poorly sorted litharenites. A general

reduction in grain size westwards is seen; across most coastal inlets there

is an input of a minor coarse mode, indicated by a fine updrift side and a

coarser downdrift side. A comparison between beach sediments of the Copper

River Delta and beaches bordering outwash plains indicate that the Copper

River Delta samples are texturally and compositionally more mature.
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STREAMFLOW DATA

Carlson's studies of the effects of streamflow on coastal areas of

Alaska have been completed (RU #111, Final Report, March 1977). An ency-

clopedic stream classification incorporating the following data has been

developed: drainage basin hypsometric (area-altitude) curves, extreme

hydrographs, flow duration curves, average annual flow mass values and

selected statistical streamflow parameters. Ice break-up and freeze-up

dates and streamflow-sediment load correlations (example for Copper River

-- Fig. I-3-2) are also included.

The Gulf of Alaska is nearly surrounded by high mountain ranges, which,

together with the moderating influence of the Alaska current, give the Gulf

coast its relatively mild and wet climate. Snowfall, as well as rainfall,

is generally greater in the Prince William Sound Coastal Area and the

coast east of the Copper River Delta than in areas further west. Snowfall

is locally variable and strongly influenced by elevation. Snow that falls

at low elevations along the coast seldom remains more than a few weeks.

Data summarizing snowcover and water equivalents are available from USDA

Soil Conservation Service snowcourses and are increasingly being supple-

mented by imagery from LANDSAT (ERTS) and NOAA satellites. Snowmelt patterns

are also best documented by satellite imagery. Snowmelt along the Gulf

coast generally occurs from one to two weeks after it occurs in interior

regions of Alaska (Johnson and Hartman, 1969). As snowmelt becomes more

extensive in early to mid-May the snowmelt pattern is determined by slope

aspect and elevation, with melt proceeding from lowest to higher elevations.

The Kenai Peninsula and Matanuska Valley are generally the first areas to

become snowfree, usually in early May. The seasonal lag, heavier snows,
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FIG. I-3-2 . Sediment Load - Hydrograph, Cooper River, 10/64-9/65 (Carlson, RU #111, Final Report 1977).



especially at higher elevations, and marine climatic effects result in

delayed runoff (RU #111, Final Report, March 1977).

Many of the river basins in the Gulf Coast region of Alaska are subject

to the hazard of glacier-dammed lake outburst floods (see Post and Mayo,

1971):

Knik River - famous for the flood activity of Lake George, the
largest glacier-dammed lake in Alaska. Knik Glacier has failed
to form an ice dam and the lake has not filled since 1966.

Snow and Kenai Rivers - glacier-dammed lake at the headwaters
of the Snow River, a tributary to the Kenai River. Outburst
floods have occurred since December 1911; outburst flood peaks
have exceeded the annual storm peaks since 1961.

Tazlina and Copper Rivers - Tazlina basin, tributary to the
Copper River contains four major lakes susceptible to outburst
flooding. The flood history of the Tazlina River is complex,
for more than one lake is involved; changes in the basin have
not been systematic.

Bering River - includes Berg Lake, presently dammed by the Bering
glacier. This lake has a complex history and presents one of the
greatest potential floods of any glacier-dammed lake in Alaska.
Post and Mayo (1961) state that catastrophic draining will occur
in the near future if the ice dam restraining Berg Lake continues
to thin, and the situation is becoming unstable. This could
create a devastating flood which would sweep the Bering River
Valley with a peak flow far exceeding 30,000 cubic meters per
second (~ 1,000,000 CFS). As an additional cautionary observa-
tion, it should be pointed out that outburst floods are not
seasonal in nature and have occurred in winter as well as mid-
to late summer.

COASTAL OIL SPILL VULNERABILITY

Hayes and Ruby (RU #59, April 1977) participated in the Oil Spill

Assessment Team (OSAT) studies of the University of South Carolina. Major

spills studied by OSAT are listed in Table I-3-1. Based on field studies

of these spills -- two of which involved oil-ice interactions (Bouchard #65

and Ethyl H.) -- and case studies from the literature, Hayes and Ruby

developed a coastal oil spill vulnerability index (Table 1-3-2). Criteria

used in this index include:
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TABLE I-3-1

Major Oil Spills Studied by Oil Spill Assessment Team, Univ. South Carolina
(RU #59, April 1977)



TABLE I-3-2

Vulnerability of Coastal Environments to Oil Spills (Hayes & Ruby, RU #59, April 1977)



(a) Longevity of oil in particular environments, reflecting:

* degree of exposure to wave action

* intensity of waves, tides and winds

* transport trends

* sediment grain size

* ease of mechanized cleanup

(b) Biological sensitivity of environments, reflecting:

* biomass present

* size of infaunal populations

The results of application of the oil spill vulnerability risk classi-

fication to the NEGOA coastline are shown in Fig. 1-3-3. Over 50% of the

1,773.4 kms of NEGOA shoreline classified, are considered high risk environ-

ments (categories 7-10). Oil longevity of these areas is estimated to be

from a few years to as much as 10 years. It should be noted that some of

these high risk areas located on the Copper River Delta and other river

mouths are unlikely to receive oil spills because of fluvial flushing.
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Fig. 1-3-3 Application of oil spill vulnerability index to NEGOA coastline (RU #59, April 1977). Numbers refer
to risk classes (Table I-3-2), time periods indicate oil longevity, in particular, subenvironment.



Chapter I-4

TRANSPORT

INTRODUCTION

Extensive physical oceanography studies continued in the NEGOA lease

area during the past year, April 1976 to March 1977. These studies focused

on temperature-salinity (and density) distributions, moored current meter

(Eulerian) measurements, drift buoy (Lagrangian) trajectories, pressure

gage observations, and numerical modeling of currents and particle trajec-

tories. In addition, data and models describing the nearshore meteorolog-

ical processes are being generated.

METEOROLOGICAL OBSERVATIONS

Hydrocarbons can escape to the atmosphere through several processes

(e.g., evaporation of the lighter compounds, windblown aerosols or spray)

and thus can be advected meteorologically. The compilation of historical,

meteorological data (of the past twenty years) into charts of air and sea

surface temperatures, wind speed and direction, humidity, precipitation,

sea level pressure, wave height and visibility is being concluded by Wise

(RU #347, April 1977).

Near surface meteorological conditions can be modified in coastal

regions so that they are sufficiently different from synoptic conditions.

This mesoscale modification of meteorological conditions is being examined

by Reynolds and Walter (RU #367, April 1977). Dominant processes are oro-

graphic funneling and interaction of synoptic scale flows with katabatic

winds or sea breezes. A boundary layer model (based on the model of

Lavoie [1972]) has been developed to analyze the interaction of synoptic

scale conditions with these mesoscale processes. Two experiments have been
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run using data taken near the Malaspina Glacier. In the first, both kata-

batic winds and synoptic scale flows were directed offshore. The katabatic

winds were modified by surface heating and the boundary layer developed

well offshore. The correspondence between the model and observations was

good. In the second experiment the synoptic flow was westerly, at right

angles to the katabatic flow off the Malaspina Glacier. Here the katabatic

winds were heated from above as well as below. The lack of agreement be-

tween the model and observation in this second experiment indicated the

need for a more sophisticated model.

GENERAL HYDROGRAPHY

Royer (RU #289, April 1977) has acquired extensive hydrographic data

on the shelf and in nearby deep waters to determine water mass distributions

and density fields from which flows and hence possible contaminant movement

and transport can be inferred. Most of these data have been reported in

previous OCSEAP reports (NOAA 1976; NOAA/SAI 1976; SAI/NOAA NEGOA Synthesis

1977). It is becoming increasingly clear that the Alaska Current and Stream

act as a dynamic boundary and separate the shelf and deep ocean circulations

with less interaction between them than was previously recognized. Dynamic

topography maps, from which baroclinic flow can be inferred, have been

prepared and reported for July 1974, February, June, and November 1976, and

February and April 1976 data. On the basis of these observations and supple-

mental current meter data, it is now possible to distinguish several flow

regimes in the Gulf of Alaska. In the NEGOA area these include: Yakutat,

Central, Copper River, and Western. The Yakutat regime is characterized

by small net transport westward with possible eddies and reversals, induced

partly by local bathymetry. The Central regime has consistent flow and
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appears to be under considerable influence of the Alaska Stream offshore

and freshwater input nearshore. Near Kayak Island the flow on the shelf

separates with a part entering the gyre west of Cape St. Elias and the

other flowing along the shelf break south of Middleton Island. The Copper

River regime, between Kayak Island and Hinchinbrook Entrance, is influenced

by local freshwater input and bathymetry. Flow is found to be baroclinic

and semi-systematic. A westward moving coastal jet apparently governed

by Copper River discharges is recognized along the coast. West and inshore

of Middleton Island (part of Western regime), there is weak midshelf flow

with reversals, a coastal jet and an outer boundary, formed by the Alaska

Stream. The Western regime also includes the Kodiak lease area.

The flow between these regimes is continuous. It has been noted (Royer,

RU #289, April 1977) that the outflow from Icy Bay is found with the Alaska

Stream off Kodiak Island and that the Copper River outflow is contained in the

coastal jet flowing along the coast. The residence time of water will vary

from regime to regime, the shortest being associated with the Central regime.

Prince William Sound or the Western regime may have a considerably long

residence time.

Baroclinic currents of the magnitude of 20-45 cm/sec, directed west-

ward, are noted along the shelf break. On the shelf, flow is relatively

small and non-uniform, 0-20 cm/sec with an occasional weak eastward

flow of 1-2 cm/sec. Baroclinic reversals are noted characteristically

in the Western regime. Current meter records from July to October 1974

have provided evidence for the occurrence of "events" when there were

large variations in current direction. Usually, the change in current

velocity was at least 15 cm/sec and was directed southward, cross-isobath

flow. There is also a discrepancy between calculated wind drift and
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these "events." It seems that one must also consider the position of

current mooring with respect to the inner gyre (cyclonic, dense core),

the volume and influence of river discharge, and the possible movement

of the low salinity water boundary eastward. Satellite images reveal,

via suspended sediment load, that a cross-isobath boundary exists between

shelf water and water from the Copper River.

CURRENT METER OBSERVATIONS

Hayes and Schumacher (RU #138, April 1977) are continuing studies

in the Gulf of Alaska to describe mesoscale circulation and characterize

large-scale advective and diffusive processes over the shelf and adjoining

ocean waters. Current meter data are being supplemented by process-

oriented studies in selected areas to establish correlations between

wind stress, sea slope changes and currents. Current fluctuations asso-

ciated with wind constitute an important aspect of shelf circulation.

Passage of storms can influence the currents over the water column on

a time scale of a few days to a week. A large amount of current meter,

pressure gage and hydrographic (CTD) data obtained by these investigators

have been reported in previous OCSEAP reports (NOAA/SAI 1976; SAI/NOAA

NEGOA Synthesis 1977). Current meter data and computed statistics of

measurements made in NEGOA during the last annual reporting period

(April 1976 - March 1977) are given in Table 1-4-1. It is apparent

from these data that the dominant flow was alongshelf. It was also

possible to resolve seasonal trends in the mean flow into winter (October-

March) and summer (April-September) regimes. At Station 62, located at

the shelf break near Icy Bay, where extensive data have been collected,

it was observed that the percentage of longshelf observations was greater
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TABLE I-4-1

Statistics of Currents from Moored Current Meters Deployed in the NEGOA Lease Area
(Hayes and Schumacher, RU #138, April 1977)



TABLE 1-4-1 (continued)



in winter (90.5%) than in summer (88%). Higher longshelf speeds were

noted during the winter regime, with high values of the order of 60-70

cm/sec. Currents along the negative longshelf axis occurred more fre-

quently during summer.

During winter, mesoscale meteorological conditions tend to augment

longshelf flow, reducing low frequency fluctuations. In summer, there

appear to be offshore surface flow and a reduced longshelf component.

Based on observed velocities, the wintertime water transport on

the shelf is about 0.5 Sv, about 10% of the total northward flow into

the Gulf. The offshelf circulation is variable and there is a tendency

for these fluctuations to be linearized by shelf topography. The extent

of offshore influence on shelf circulation has not yet been well estab-

lished.

Data acquired (May-August 1976) from Station 62 have shown several low

frequency fluctuations in the flow regime from 15 May to 5 July that were

not apparent in the previous 20-month record from this station. After 5

July and until 21 August (end of record) flow was longshelf. It is specu-

lated that earlier perturbations may have represented "eddy-like" features,

usually of about 2-3 days duration. Low frequency fluctuations were also

noted at other shelf break locations.

Sea slope and current response to winds in deeper water (2 100 m)
were found to be consistent with Ekman dynamics. In shallower water (~ 50 m),

direct wind setup became significant. The coherence between the wind and

bottom pressure shows a significant correlation for periods of two to

four days in all cases. Lower frequency response was observed in spring

and summer. This may be related to either a change in the forcing or a

change in response in the water column due to increased stratification.
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LAGRANGIAN DRIFTERS

Hansen (RU #217, April 1977) is continuing studies to determine

trajectories of free-floating buoys in the Gulf of Alaska. These buoys

are tracked via a satellite system (NIMBUS) that telemeters buoy posi-

tion in each orbit within range. Five of the nine deployments made in

the NEGOA area during 1976 were successful as they ended their trajectories

along coasts and in embayments. Trajectories for buoys 1133 and 1174

(released in May-June 1976) and 1142, 1203, and 1235 (released in July

1976) deployed off Yakutat have been described in previous OCSEAP reports

(NOAA/SAI 1976; SAI/NOAA NEGOA Synthesis 1977). No additional data for

NEGOA are available at this time. From the trajectories obtained so

far, it can be stated that, during summer, material loosed on the surface

between Yakutat and Kayak Island will move generally westward at typical

speeds of 2 km/day. The high percentage of buoys that have gone ashore

near the approaches to or inside Prince William Sound suggest these

areas are likely to be impinged from contaminants released as far away

as Yakutat.

NUMERICAL MODELING

Meteorological Model

A regional meteorological model is being developed by Galt in RU #140.

The model is easily adaptable to different areas once the topography

of the area is known. Ageostrophic winds are often encountered in the

Gulf of Alaska: large scale geostrophic winds can be modified by topo-

graphic steering or by interaction with local wind sources (e.g., sea

breezes of katabatic winds). The goal of this modeling effort is to

estimate local winds at near coastal sites from large scale geostrophic
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winds, local topography and differences in the surface heating over land

and water.

The model chosen for this effort was an adaptation of a Planetary

Boundary Layer (PBL) model by Lavoie (1974). Air temperature and the

height of the PBL are specified at the inflow boundaries and boundary

conditions are specified for large scale geostrophic winds, temperature

and stability of the air above the PBL. Initial conditions of temperature,

wind and the PBL height are smoothed and then supplied to the model;

time stepping begins and continues until an equilibrium state is reached.

Two experiments have been completed, one for Puget Sound and another

for Yakutat Bay. There is some agreement for these simulations in local

observations of winds under similar conditions. Overland and Galt con-

clude that the model is able to simulate regional patterns and that it

can suggest locations for future meteorological observations in the

modeled region.

Circulation Model and Contaminant Trajectories

Galt (RU #140) is also continuing research on a numerical circulation

model for the NEGOA lease area. The model utilizes hydrographic and

current meter data being obtained by other investigators in the area.

Earlier results from this model provided supporting evidence for the

presence of two gyres west of Kayak Island, at least during summer. The

one nearest shore is weaker; it moves counterclockwise and carries water

inshore towards the coastline immediately south of the Copper River. The

second gyre, stronger and clockwise in direction, carries water in an

offshore direction past Cape St. Elias. These gyres appear to be related

to density distribution and are probably influenced by freshwater runoff

from the Copper River.
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Galt is also using this model to simulate surface particle trajec-

tories. Trajectories are calculated by advecting particles and incor-

porating wind effects, both on surface water and particle (contaminant)/

water differential. The trajectory model has been run with input from

measured, real-time current meter data, mean currents and mean plus

stochastic winds. Simulated trajectories from one case, in which real

current and wind data were utilized, were presented at the NEGOA Synthesis

meeting (SAI/NOAA NEGOA Synthesis 1977). Results from additional simula-

tions, from a case in which only the real-time currents were used to a case

involving effects of mean plus stochastic currents, Ekman fraction of the

stochastic wind and mean plus stochastic winds, are given by Galt (RU #140,

April 1977). It was noted that in order to study specific events and

distribution of spilled contaminants, one would need information about

local conditions and time scale. It also appeared that stochastic formu-

lations gave a good overview of an ensemble of possible occurrences of

trajectories over a season but they do not give information about specific

events.
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Chapter I-5

RECEPTORS

PLANKTON

Review of Historic Data

Historic data on the distribution of nutrients, phytoplankton and

plankton primary productivity in the Gulf of Alaska and adjoining north

Pacific Ocean have been tabulated and analyzed by Anderson and Lam

(RU #58, Final Report 1977) to describe annual, seasonal and geographi-

cal variability. The regional and seasonal coverage of data was not

uniform; a vast majority of data was from one location only, the Canadian

Weather Ship Station PAPA (500N, 145°W). Nonetheless, the amount and

sources of published and unpublished data utilized by this research unit

were extensive (Table 1-5-1). Data were divided according to seasons and

geographic localities. Geographical zones were delineated according to

oceanographic domains (Dodimead et al., 1963): Zones 15-21 are located in

the Coastal Domain, Zones 22-24 in the Alaska Stream Domain, Zones 27-28

define the center of the Alaskan Gyre, Zones 29-31 comprise the Central

Subarctic, Zone 33 represents Station PAPA and its environs, Zones 32-37

include water of mixed origin within the Central Subarctic Domain, and

Zones 29-42 represent Transition Area (Fig. 1-5-1). The NEGOA lease area

is located within Zone 17. It should be noted that Zone 17 is not strictly

in the "Coastal Domain," as the Alaskan Stream flows fairly close to shore

(considerably north of 69°N) along the southern coast of Alaska particu-

larly between Yakutat Bay and Kayak Island.
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FIG. 1-5-1. The geographical zones of the eastern Subarctic Pacific. The circled number in each zone is
an identification number for each zone referred to in the text and in the following figures
and tables. Zone 33 is Ocean Weather Station "P" and its near environs (Anderson and Lam,
RU #58, Final Report 1977).



TABLE 1-5-1

List of operations in the eastern subarct c Pacific between June 1958 and July 1974 which
yielded biological oceanographic data.
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TABLE I-5-1 (Continued)
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Seasonal mean values of chlorophyll a, primary productivity, and

nitrate concentration based on combined data from 1958-74 for Zone 17,

are given in Table I-5-2. Chlorophyll concentration is generally low,

3
except in spring when values in the upper 25 m exceed 2 mg/m3. High

values of primary productivity are noted in spring in the upper 10 m,

whereas moderate levels occur in summer and fall. Nitrate concentra-

tion was low in surface and subsurface layers in summer. Whether these

low concentrations limit the level of primary productivity for sustained

periods of time is not known.

Phytoplankton cell counts were made from ship-of-opportunity samples

that were collected in water bottles from January to July 1966 and 1969

to 1972. Biomass estimated for individual species were computed as cell

carbon using an empirical relationship between cell carbon and plasma

volume. Plasma volume was derived from cell dimensions and geometric

formula for 18 cell shapes assuming a standard plasma thickness of 1 µm.

Species were ranked in importance to: (1) the maximum number of occur-

rences, (2) the maximum cell concentration at any one station, (3) the

maximum percent contribution to cell numbers at one station, (4) the

maximum biomass at any one station, and (5) the maximum percent contri-

bution to biomass at any one station. A list of the five more dominant

species, according to the above criteria, is given in Table 1-5-3.

Three of the listed species, Denticula seminae (pennate diatom),

Rhizosolenia alata f. inermis (centric diatom), and Corethron hystrix

(centric diatom), were represented in four of the five rankings. The

species distributions do not show clear and consistent differences

attributable to areas of subarctic water, mixed water, Alaska gyre water,

I-42



TABLE 1-5-2

The seasonal mean and range (in parenthesis) of chlorophyll a, primary productivity,
and nitrate observations in the upper 50 m made prior to OCSEAP, 1958-1974, for
Zone 17 in the northeast Gulf of Alaska. The number of observations for each season
and depth layer are given in italics (tabulated from data provided by Anderson and
Lam, RU #58).

I-43



TABLE I-5-3

Listing of the five more dominant phytoplankton species in the Gulf of Alaska according to five criteria of abundanceand biomass contribution (data from Anderson and Lam, RU #58).



and Alaska Stream water. A distinction between oceanic and neritic

species cannot be made because of paucity of data nearshore. Data from

only nine stations were available from Zone 17. Numerical abundance

and biomass estimates for six species are illustrated in the RU #58

Final Report. These species include: Chaetoceros sp., Skeletonema

costatum, Thalassiosira decipiens, Thalassiosira nordenskioldii,

Cylindrotheca closterium, and Nitzschia pseudonana.

Analysis of historic data has shown that seasonal variation was

more pronounced in neritic zones than in oceanic zones. However, there

appeared to be a relatively narrow range of both the seasonal and geo-

graphical variations in contrast to a wide range of annual variations.

This generalization is supported by literature review as well as by the

range of phytoplankton species distribution, chlorophyll a, primary

productivity, and nutrient concentration described in RU #58 Final Report

(1977). Annual variation is seen more as a series of "biological events"

rather than a general trend. Annual variation in plankton parameters

is prominent in data from Station PAPA where a long time-series of data

has been obtained using standardized techniques and sampling design.

Numerical Study of Chlorophyll Distribution

A numerical model was constructed (Anderson and Lam, RU #58) to

describe observed changes in chlorophyll concentration at Station PAPA over

the course of one year. This location was chosen because of extensive

times-series of biological and physical data collected there. The model

consists of a simplified single equation which described the rate of change

of plant material (chlorophyll) as a function of vertical mixing, sinking

of algae, gross primary productivity, plant respiration and zooplankton
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grazing. In this model, plant material does not depend on nutrient concen-

tration, and zooplankton biomass is included as an independent input. The

model includes six independent parameters, all varying with time (t) and

some also with depth (z): vertical mixing coefficient (z,t), mixed layer

depth (t), cloud transmission of light (t), carbon to chlorophyll ratio

(z,t), zooplankton grazing pressure (t), and feeding threshold (t). Nine

physical and physiological constants are specified: sinking speed of

algae, maximum photosynthetic rate (P ), initial slope of photosynthesis
max

versus light curve, respiration rate, normalized initial slope of grazing

curve, atmospheric transmission coefficient, extinction coefficient of

water, extinction of light due to self-shading by algae, and fraction of

solar radiation penetrating the sea surface.

The model starts with an initial (first day of the year) chlorophyll-

depth profile and then simulates the changes in that profile. A time-

step of one-half hour and five-meter depth intervals are used. The

simulated chlorophyll profile compares well with observed average chloro-

phyll data (Fig. 1-5-2). Certain differences in detail, such as the

double surface chlorophyll peaks in the data or spring chlorophyll

minimum in the model, are obvious. Because of large scatter in the ob-

served data over the years at Station PAPA, it can be surmised that

model results are not inconsistent with real data.

The relative importance of different inputs and coefficients on

chlorophyll distribution changes with time was assessed by sensitivity

analysis. It was noted that, in the mixed layer, turbulent vertical

mixing and algal sinking were relatively unimportant when compared with

net production and zooplankton grazing. Two of the least known indepen-

dent variables, the carbon-to-chlorophyll ratio and the zooplankton
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(a) (b)
FIG. 1-5-2 Comparison of modeled chlorophyll concentration (b) with average concentration data (a)

(Anderson and Lam, RU #58, Final Report 1977)



feeding threshold, both exerted a major influence on the results through-

out the year and were exceedingly important during part of the year.

This model was also used to simulate the effects of an oil spill

on the standing stock of chlorophyll during two time periods, day 20 to

80, and day 120 to 180. Oil contamination has been known to cause a 50%

reduction in the growth rate of marine phytoplankton at oil concentra-

tions greater than 10 ppm and a 25% increase at oil concentrations of

30 to 100 ppb. It may also inhibit zooplankton grazing activities.

Different simulations were made to infer oil contamination conse-

quences. In the first case, where Pmax was increased by 25% and decreasedmax

by 25% and 50%, it was noted that surface chlorophyll increased with

increased Pmax values and vice versa. Changes in chlorophyll standing

stock were larger and more marked during the first period than in the

second period. When grazing pressure was reduced by 10% and 25%, results

were somewhat similar to the situation in the first case; changes during

the second period were less than those of the first and the perturbed

values during the first period diverged from and then reconverged toward

the standard curve. These results are only preliminary and must be inter-

preted with restraint in view of the sensitivity of the model to inde-

pendent parameters that are not adequately known. Furthermore, effects of

oil .on factors other than Pmax and grazing pressure are not considered.

Lastly, a different model (different standard run) might produce very

dissimilar values.

Phytoplankton and Primary Productivity

Only a very limited amount of phytoplankton biomass, species composi-

tion and primary productivity data have been obtained under OCSEAP in

the northeast Gulf of Alaska. Larrance (RU #425b, Final Report 1977) has
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reported on chlorophyll a, micronutrients and primary productivity data

collected from October 21 to November 14, 1975 from various locations

between Yakutat Bay and Resurrection Bay. Most of the data, results

and intc'"oretations were summarized in previous OCSEAP reports (NOAA/SAI

1976; SAI/NOAA NEGOA Synthesis 1977).

Daily primary productivity values ranged between 39 and 736 mgC/m 2

except at one station in Prince William Sound where it was 2.9 gCm/m2

Areal distribution of primary productivity showed that values were somewhat

higher offshore. Over the continental shelf west of 145°30'W, mean primary

productivity inside the 200 m isobath was 141 mgC/m2 (range 39-204) whereas

east of this meridian the mean was 522 mgC/m2 (range 193-736). As the

samples were collected only during a three-week period in fall, it is not

possible to estimate seasonal variations in primary productivity. A daily

primary productivity of the order of 400 mgC/m2 can be regarded as a

reasonable estimate. Higher chlorophyll a concentrations in the upper

50 m were found at stations offshore of the shelf (mean value 33 mg/m2)

than in waters over the shelf (mean value 18 mg/m2). At one station in

Prince William Sound there was 75% more chlorophyll a, 80.6 mg/m , than

the next highest value measured, 45.5 mg/m2 at a station in offshore

waters.

Several unidentified species of microflagellates were dominant in

phytoplankton populations. A silicoflagellate, Dictyocha fibula and a

diatom, FragiZZariopsis sp., appeared to have nearly mutually exclusive

distributions. The diatom, Thalassionema nitzschioides, was nearly

ubiquitous. Diatoms dominated the Prince William Sound populations, with

Skeletonema costatum principally responsible for the observed high

chlorophyll a and productivity. Since the samples were collected, only
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during a three week period in fall, inferences on the seasonality and

succession of species cannot be made (Larrance, RU #425b, Final Report

1977).

Zooplankton

OCSEAP zooplankton studies in the Gulf of Alaska were initiated in

September 1974. Cooney (RU #426) obtained a large number of plankton

samples with both a 1 m diameter (mesh size 0.3 mm) net and a Tucker

trawl in the area. The results and interpretations based on these samples

were presented in the First Year Annual Report Summary (NOAA 1976) and

NEGOA Synthesis Report (SAI/NOAA 1977). Nearly 200 different species,

ranging from Coelenterata to Chordata were recognized. Out of these,

21 species were considered as being numerically abundant or ecologically

important. These species were quantitatively examined for spatial and

temporal distribution over the shelf, slope, and in nearshore waters.

Cooney also provided a summary of use and utilization of the NEGOA lease

area by principal zooplankton species (SAI/NOAA 1977). Damkaer (RU #425a)

reported 30 copepod species from samples collected in Prince William

Sound in fall 1975. These samples were primarily collected by closing

ring net, mesh size 0.2 mm.' He also reported on the vertical migratory

patterns of selected zooplankton species at a deep station in the eastern

basin of Prince William Sound (NOAA/SAI 1976).

Damkaer (RU #425a, April 1977) has provided additional data and

results from continued zooplankton studies under OCSEAP. During FY 77,

sampling emphasis was placed on Lower Cook Inlet and Prince William Sound

with only one station (58°23'N, 148 005'W) located in open ocean (Station

11). Average zooplankton settled volume, ml/m3, ranged from about 2 (in
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April and May 1976) to 12 (mid-July 1976) in the upper 50 m and from

0.8 to 2.8 ml/m3 in the upper 500 m of the water column (Table 1-5-4).

All samples have not yet been analyzed for species composition and

numerical abundance. Zooplankton species and major taxa identified from

April 1976 samples are listed in Table I-5-5. A large proportion of

these species are common with Prince William Sound copepod fauna reported

earlier (NOAA/SAI 1976; also see Table I-5-6). However, several typically

oceanic deep-water copepods, such as Amallothrix inornata, Scolecithricella

minor, Metridia principes, Heterostylites major and Haloptitus pseudo-

oxycephalus, were also collected at Station 11. The total number of

zooplankters was 238/m3 in the 0-25 m layer, 690/m 3 in the 25-50 m layer

and 85/m3 in the 50-100 m. Oithona similis was numerically the most dom-

inant species in the upper layers; below 500 m Oncaea prolata was dominant

(Table I-5-7).

Enumeration and taxonomic analysis of zooplankton samples is not

yet complete. No conclusions can be drawn from Station 11 results reported

so far. Earlier OCSEAP investigations in the NEGOA lease area, east of

Kayak Island, have provided useful information on seasonal abundance of

principal species. Statistical analyses of zooplankton data collected in

1974-75 by Cooney (RU #156d) have shown that the number of samples required

to detect population differences larger than by a factor of 1.5 required

from 20 (for Euphausia pacifica) to 231 (for Metridia okhotensis) samples

per oceanographic regime (NOAA 1976; SAI/NOAA 1977).

Damkaer (RU #425a, April 1977) has provided additional taxonomic

data for samples collected in Prince William Sound in fall 1975 and

April-August 1976. He has appended the list of zooplankton species to

include the non-copepods (Table 1-5-6). Settled volumes of samples
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TABLE I-5-4

Zooplankton settled volume, ml/m3, in the upper 50 m and upper 500 m of
the water column. These values were calculated from data for samples
collected from 0-25, 25-50, 50-100, 100-300, and 300-500 m depth strata
(data from Damkaer, RU #425a , April 1977).
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TABLE I-5-5

Zooplankton species and major taxa identified from samples collected
at Station 11, Gulf of Alaska, April 1976 (from Damkaer, RU #425a, April 1977)
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TABLE 1-5-6

Zooplankton species and major taxa identified from samples collected in Prince

William Sound October 1975, April-Auaust 1976 (from Damkaer, RU #425a, April 1977)
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TABLE 1-5-7

Numerical abundance, numbers/m3, and dominant species of zooplankton at
Station 11 in the Gulf of Alaska (58°23'N 148 005'W), calculated from
data provided by Damkaer (RU #425a, April 1977). Samples were collected
near midnight, 10-11 April 1976.
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collected in 1976 show generally much higher values than in the open water;

maximum value, 34 ml/l, was noted in April 1976 samples (Table 1-5-4).

No consistent geographical patterns of settled volume concentration has

been ascertained so far. Tabulated zooplankton taxonomic data are pre-

sented for samples from only one station occupied in October 1976. A

summary of diel vertical migratory pattern of different zooplankters,

inferred from October 1975 samples, was provided in previous OCSEAP

reports, e.g., NOAA/SAI 1976. Species and taxa were classified according

to their abundance in surface layers, e.g., Acartia longiremis, Oithona

similis, or in deep water, e.g., Calanus marshallae, Calanus plumchrus,

those showing diel vertical migration, e.g., Euchaeta elongata, Metridia

lucens, and Cyphocaris challengerii. It should be pointed out that these

data are from a limited period of time and the zooplankton distribution

pattern, as noted here, may not be consistent with or representative of

vertical distribution of copepods at other times, especially in spring.
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BENTHOS

Feder (RU #281, April 1977) continued his extensive studies of

Gulf of Alaska benthos. Forty-two widely dispersed permanent stations for

quantitative grab sampling (infauna) have now been established in NEGOA

representing a reasonable nucleus around which a monitoring program can

be developed, while one hundred forty stations were occupied with an otter

trawl (epifauna). Four hundred fifty-seven species have been determined

from the grab sampling program, and 168 species from the trawl program.

It is probable that all species with numerical and biomass importance

have now been collected from NEGOA and that only rare species will be added

in future sampling.

A comparison of the phyla, subgroups, and numbers of species identi-

fied from the two sets of samples (Table 1-5-8) shows the infauna to be

much more diverse -- 14 phyla and 318 species versus 9 phyla and only 168

species of epifauna.* In terms of numbers of species, the benthic infauna

is dominated by polychaete worms, followed in descending order by molluscs,

arthropods, and echinoids. Polychaetes are much less diverse in the benthic

epifauna, while molluscs, arthropods, and particularly echinoids are all

relatively more diverse than the infauna.

Benthic Infauna

Basic information on diversity, dominance and evenness for grab

stations is now available for all permanent stations on the NEGOA grid;

however, caution is indicated in the interpretation of these values until

further data are available over a longer time base.

*Prepared following NEGOA Synthesis Meeting (April 1977); subsequent
sample analysis has raised the infauna figure to 457 species. Relative
abundance of phyla remains about the same, however.
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TABLE I-5-8

The invertebrate phyla, subgroups and numbers of species collected by Van Veen grab
(principally infauna) and commercial otter trawl (principally epifauna) in the north-
east Gulf of Alaska (SAI/NOAA NEGOA Synthesis 1977, based on Jewett and Feder 1976).
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Criteria established for Biologically Important Taxa (BIT) have

delineated 95 species in the northeast Gulf of Alaska. These species

were used to examine station/species aggregations by cluster analysis.

Analyses were run using five different types of data (natural and trans-

formed numbers/m2, weight/m2, and presence-absence), several similarity

coefficients, and various clustering techniques (see Feder, RU #281,

Appendix VI, April 1977). Two or three station groups were identified

in all analyses. Two of these groups consist of inshore stations while

the third is composed of stations at or near the shelf break (Fig. 1-5-3).

Cluster analysis of presence-absence data resulted in the inshore stations

merging into a single larger group. In addition, new station groups were

identified from continental slope localities -- further offshore than the

inshore and shelf break groups.

Species-by-species analyses resulted in the identification of some

32 distinctive infaunal species groups. It is important to note that while

a particular group of species may be more characteristic of a certain set

of sampling stations, some of these same species also occur at other local-

ities. In general, however, species that are abundant in one station

group tend to be less common in the others.

The results of Feder's studies to date indicate that the inshore,

shallow shelf benthic infauna (Fig. 1-5-3, Inshore Groups I, II) differs

significantly from that of both the shelf break and the continental slope

beyond. Besides differences in taxonomic composition, the inshore infaunal

groups are less diverse than those at the shelf break. Deposit feeding

species dominate (61-65%) inshore, while suspension feeders (32%) and

deposit feeders (26%) are more evenly balanced in the shelf break assem-

blages (Table I-5-9; SAI/NOAA NEGOA Synthesis 1977).

I-59



2FIG. 1-5-3. Station groups formed by cluster analysis of quantitative stations using the number of individuals/m . Only
major station clusters are shown (Feder, RU #281, April 1977, Appendix VI).



TABLE 1-5-9

A Comparison of Diversity Index, Sediment Type and Feeding Type Characteristics of station groups delineated
by cluster analysis based on the number of individuals per square meter (Fig. 1-5-1). Feeding types are as
follows: SF=Suspension Feeder; DF=Deposit Feeder; P=Predator; S=Scavenger (Feder, RU #281, September 1976).



Inshore infaunal groups also change from east to west across NEGOA.

The fauna east of Kayak Island differs from that found westward into Prince

William Sound, but reappear still further west off Seward (Fig, 1-5-3).

Both taxonomic and feeding type differences are apparent. Stations 56

and 57 remained unclustered throughout Feder's analyses and appear to

support faunas somewhat intermediate between inshore and shelf break groups.

Feder concluded that there is a change in the composition of the in-

faunal community along a gradient that is related to changes in depth.

Gross observation of sediment types (Table I-5-9) suggests that one of the

controlling factors in the composition of the infauna is grain-size distri-

bution. As expected, deposit feeders are most abundant in silts and clays --

usually noted for their high content of organic matter. Suspension feeders

are at a disadvantage for readily resuspended fine-grained sediment can

easily clog their gills. As sands and gravels become more abundant they

provide increased substrate for attachment and reduce siltation hazards,

thus favoring suspension feeders.

In addition to the above studies, Feder and Mueller (RU #282/301,

Final Report 1977) submitted their final report summarizing existing litera-

ture and unpublished data on the distribution, abundance and productivity

of benthic organisms of the Gulf of Alaska, and Bering and Chukchi Seas. A

total of 6,500 references were located and are now available in a keyword

format. A search of all available data sources provided a list of 30

widely distributed and abundant infaunal species from the project areas

(Table 1-5-10). Quantitative data on the distribution, abundance and bio-

mass of these species have been plotted on appropriate maps.

1-62



TABLE I-5-10

List of widely distributed and abundant infaunal species for which all
available distributional data have been plotted by Feder and Mueller
(RU #282/301, Final Report, 1977).
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Benthic Epifauna

Of the 168 species of epibenthic invertebrates collected by Feder (RU

#281, April 1977) from the northeast Gulf of Alaska, molluscs, crustaceans,

and echinoderms accounted for 47, 42 and 36 species, respectively. Nine

species, three from each of the most widely represented phyla, accounted

for more than 82% of the total epibenthic biomass (Table I-5-11). Maps

showing the quantitative distributions of these "key species," measured as

catch per unit effort (CPUE, one hour commercial otter trawl tows) are also

included in RU #281 (April 1977). A single example is reproduced here as

Fig. 1-5-4.

The tanner crab, Chionoecetes bairdi dominated the benthic epifauna,

contributing more than 66% of the total biomass. Pink shrimp, Pandalus

borealis accounted for nearly 3% of the biomass and the box crab, Lopho-

lithodes faraminatus was the third most important crustacean. Most stations

yielded a diverse echinoderm fauna, but each species was usually represented

by only a few individuals. A brittle star (ophiura sarsi), two sea stars

(Ctenodiscus crispatus and Pychopodia helianthoides), and a heart urchin

(Brisaster townsendii) were all found in large quantities. Sea cucumbers --

family Cumumariidae -- occurred at only seven stations yet accounted for

nearly 3% of the total epibenthic biomass. The weathervane scallop

(Patinopecten caurinus, accounting for 2% of the total biomass), the whelk

(Neptunea lyrata), and the Oregon triton (Fusitriton oregonensis), dominated

molluscan material.

Highest densities of Chionoecetes bairdi, Pandalus borealis, Ophiura

sarsi, Ctenodiscus crispatus, and fishes were recorded in the vicinity of

the Copper River Delta southeast to Kayak Island. Little is known about

the productivity of this area but Jewett and Feder (1976) speculate that
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TABLE I-5-11

Percentage composition by weight of leading invertebrate taxa collected during Northeast Gulf of Alaska outer trawling
investigations, April through August 1975 (Feder, RU #281, April 1977),



FIG. 1-5-4. Distribution and abundance of the Tanner crab, Chionoecetes bairdi, from the northeastern Gulf ofAlaska (NEGOA) trawl survey, summer 1975. Arrow indicates highest density of C. bairdi (Feder,RU #281, April 1977).



primary and secondary production may be higher there both as a result of

nutrients supplied by the Copper River and the presence of gyres that extend

vertically from the water surface to the bottom. They also draw attention

to two other areas of particular biological interest. The first, immedi-

ately south of Hinchinbrook Entrance, yielded 47 invertebrate species, the

highest diversity of all stations sampled. This total included 14 crusta-

ceans, 13 echinoderms, and 13 molluscs. Seven species of fish, including

numerous Pacific halibut were also taken from this location. The second

area of interest, immediately west of Icy Bay, yielded numerous fish but

a low diversity of invertebrate fauna. The starry flounder (Plalichthys

stellatus) dominated the trawl catch at both stations. The flounder

stomachs were all filled with clams -- Yoldia seminuda, Siliqua sloati,

and Macoma sp. -- thus Jewett and Feder (1976) concluded that clam popula-

tions in the Icy Bay area play a vital role in the trophic dynamics of the

flounder. A large catch of juvenile walleye pollock (Theragra chalcogramma)

suggested that the area may also be a nursery ground for this ecologically

important species.

FEEDING BIOLOGY

Preliminary information on feeding biology of species collected by

grab and trawl is available from literature analysis and information col-

lected on OCS/NOAA cruises of the past two years. Feeding habits of selected

infaunal invertebrate species have been tabulated from literature sources

and unpublished data.

The Tanner crab -- the most abundant Gulf of Alaska invertebrate and

an important commercial species -- feeds principally upon clams, shrimps,

crabs, and barnacles, and is in turn the main food of the Pacific cod.
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The large sea star, Pyenopodia helianthoides, feeds principally upon gastro-

pods and the more numerous smaller echinoderms, Ctenodiscus and Ophiura.

The sea star, Ctenodiscus crispatus is a deposit feeder, while the brittle

star, Ophiura sarsi probably combines browsing, detritus feeding, and pre-

dation (Jewett and Feder, 1976).

The principal food groups used by the Pacific cod, Gadus macrocephalus,

at all sizes in the northeast Gulf of Alaska and the Kodiak Shelf were

molluscs, crustaceans, and fishes. There were some small quantities (less

than 10% of the total occurrence) of coelenterates, annelids, euphausiids,

isopods and echinoderms taken by cod. The frequency of occurrence of Tanner

crab as food for cod for the successive years 1972-1975 in NEGOA, was 33,

40, 36, and 36%, respectively.

Initial assessment of Feder's data suggests that (1) sufficient station

uniqueness exists to permit development of monitoring programs based on

species composition at selected stations utilizing both grab and trawl

sampling techniques, and (2) adequate numbers of biologically well-known,

unique, abundant, and/or large species are available to permit nomination

of likely monitoring candidates for the areas once industrial activity is

initiated (Feder, RU #281, April 1977).

Littoral and Nearshore Communities

The distribution of shoreline substrate types within NEGOA (Hayes

and Ruby, RU #59, April 1977) is shown in Fig. 1-3-3. Table 1-5-12 summa-

rizes data on the approximate mileages of beaches of various types, while

Table I-5-13 provides representative data on the mean numbers of species

and wet weight biomass for three different shoreline habitats (Zimmerman

and Merrell, RU #78/79, April 1977).
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TABLE I-5-12

Approximate mileage of beaches of various types surveyed from Point Carew
(Yakutat Bay) to Cape Puget. Includes Russell Fiord to entrance of Nunatek
Fiord (Zimmerman et al., RU #78/79, April 1977).

TABLE 1-5-13

Comparison of mean numbers of species and wet weight biomass from three different beach
habitat types (Zimmerman et al., RU #78/79, April 1977).
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Sandy Beaches

Sandy beaches occupy approximately 36% of the NEGOA coastline. Pri-

mary production and species diversity are both very low. Amphipods, abun-

dant in the swash zone, are a distinctive element of a meager transient

littoral fauna. Evidence from beach flotsom (drift) indicates that subtidal

populations of razor clams, Siliqua patula, and dungeness crab, Cancer

magister, are also typical (Zimmerman and Merrell, RU #78/79, April 1977).

Muddy Beaches, Protected Lagoonal Areas

Poorly represented in NEGOA, these habitats account for less than 8%

of the coastline. (If protected, shallow subtidal areas were included,

the percentage would increase significantly.) Primary production and

species diversity are both significantly, higher than on sandy beaches,

but well below that typical of rocky shores (Table 1-5-13). In areas of

mixed sand and mud, occasional nereid or sabellid worms and the detritus

feeding pelecypod, Macoma baltica, are typical. Macoma is a key species

in protected, muddy areas where it is abundant, has high biomass and

occupies a key position in nearshore food webs (e.g., Boswell Bay)

(Zimmerman and Merrell, RU #78/79, April 1977).

Rocky Intertidal and Nearshore Bedrock

Rocky coasts account for 20% of the NEGOA shoreline, mostly along

Cape Yakataga, Kayak Island, Montague Island, and Hinchinbrook Island

(Fig. 1-3-3).

The rocky subtidal in the Gulf of Alaska is usually colonized to depths

of about 30 m by a diverse and highly productive assemblage of macrophytes.

Typically multilayered, this association often includes a floating canopy
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of annual bull kelp, Nereocystis, a second canopy of perennial kelps

(Laminaria, Pleurophycus) and a third of Agarum, with foliose and en-

crusting algae growing on the seafloor beneath. The macrophytes provide

food and cover for a wide variety of invertebrates; gastropods and sea

stars are conspicuous. Fish, water-associated birds and marine mammals

also utilize these rich inshore areas.

Rocky shores are usually regarded as having a high recovery potential

after suffering oil impingement. The greatest risk of shipping and pollu-

tion accidents probably comes during fall and winter after kelp canopies

have been shed (making a major contribution to detritus food chains) and

much of the associated fish and invertebrate fauna has moved offshore.

Spill events occurring in spring and summer would be more serious, for while

kelp fronds are protected from oil impact by a mucilaginous coating, the

multilayered macrophyte canopy hosts a diverse fauna that includes juveniles

of many fish and invertebrate species (Zimmerman and Merrell, RU #78/79,

April 1977).

Boulder and Gravel Beaches

Boulder and gravel beaches account for 15 and 20% of the NEGOA coast-

line, respectively. Primary productivity and faunal diversity are variable

but generally less than typical of the rocky intertidal. Hayes and Ruby

(RU #59, April 1977) indicate that these habitats would be subject to

rapid, deep penetration (40-50 cm) by grounded oil. Cleanup would be

very difficult and long-term impacts should be anticipated.

Detailed quantitative tabulations of the littoral biota of several

NEGOA coastal sites are already available (Zimmerman and Merrell, RU #78/79,

April 1976). Dames and Moore biologists document seasonal changes in algal
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cover and present food web diagrams for rocky sublittoral habitats near

Prince William Sound.

Commercial Shellfish Resources

Two important resource assessments of commercial invertebrates from

NEGOA have recently been published. The Alaska Department of Fish and

Game (ADF&G) has documented (1975) species distribution data and popula-

tion estimates based on fisheries catch statistics. Ronholt et al. (RU

#174, April 1976) reported the Northwest Fisheries Center's demersal fish

and invertebrate assessment -- based on the same otter trawl data used

in Feder's epifaunal benthos study (RU #281). While the results of both

studies share much in common, there are also significant differences be-

tween them.

NWFS trawl survey data are summarized in Table 1-5-14. Tanner crab

are by far the most abundant commercial species in the region; NMFS trawl

data (Fig. I-5-4) indicate that they occur throughout the NEGOA shelf

region, with peaks in abundance west of Kayak.

Pink shrimp apparently also occur throughout NEGOA with maximum popu-

lation densities recorded immediately west of Kayak Island. ADF&G catch

statistics indicate that at present the species is only fished in Yakutat

Bay and within Prince William Sound.

Dungeness crab are present in shallow nearshore habitats throughout

NEGOA. The major crab fishing areas lie off the Copper River Delta and

inside Prince William Sound. King crab populations, according to ADF&G

data, are restricted to Yakutat Bay and Prince William Sound. Distribu-

tions of weathervane scallops, razor clams, and hardshell clams are also

provided in both ADF&G (1975) and Ronholt et al. (RU #174, April 1976).
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TABLE I-5-14

Average catch per unit effort of commercially important invertebrates collected during the trawl survey on the

continental shelf of the Northeastern Gulf of Alaska, April-August 1975 (Ronholt et al., RU #174, April 1976).



FISH

Demersal Fish

Pereyra and Ronholt (RU #174, October 1976) have examined the dynamics

of demersal fish populations in the Gulf of Alaska through detailed com-

parisons of fish trawl surveys made in 1961 and again in 1973. The 1961

studies indicate that the highest concentrations of demersal fish were be-

tween Icy and Yakutat Bays. The 1973 data indicate an overall increase in

relative abundance, a dramatic increase in biomass west of Kayak Island,

and a more uniform distribution of fish than in 1961. Specific points of

comparison include:

1. The flatfish catch decreased from 52 to 36 percent of the

total finfish catch; catch per unit effort (CPUE) increased

slightly during the 12 year interval.

2. Arrowtooth flounder (Atheresthes stomias) were the most abundant

and widely distributed pleuronectids in the northeast Gulf.

3. Roundfish comprised 23 percent of the total finfish catch in

1961 but this percentage more than doubled to 51 percent in

1973; CPUE for roundfish increased 3 fold during the 12 year

period.

4. Walleye pollock (Theragra chaloogramma) was the dominant round-

fish and finfish in 1973, making up 76 percent of the roundfish

catch and 45 percent of the total catch. The pollock CPUE

increased approximately 3 fold east of Kayak Island and 18 fold

west of the island in the 12 year interval.

5. From 1961 to 1973, the rockfish CPUE generally decreased

in all areas sampled. However, in the area between Kayak

Island and Yakutat Bay the CPUE increased slightly.
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6. Pacific Ocean perch (Sebastes alutus) were the dominant rockfish

during both sampling periods.

7. Elasmobranchs (sharks and skates) were the least abundant

group of fish caught during both sampling efforts; CPUE

decreased about 42 percent from 1961 to 1973.

8. Another notable finding was in the 1973 survey was that starry

flounder (Platichthys stellatus) was the second most abundant

flatfish caught even though it was collected only on the inner

shelf just south of Icy Bay.

Feeding and Growth Studies. Smith et al. (RU #284, April 1977)

summarized the state of knowledge on the feeding habits of flathead sole

(Hippoglossoides elassodon), rock sole (Lepidopsetta bilineata), Pacific

Ocean perch, Pacific halibut (Hippoglossus stenolepis), rex sole (Glypto-

cephalus zachirus), arrowtooth flounder, Dover sole (Microstomus pacificus),

and walleye pollock. Much of the data has been previously reported by

Smith (RU #284, April 1976) and summarized in the 1975-76 Annual Report

Summary (NOAA/SAI 1976).

In general, Smith et al. found that benthic organisms, particularly

polychaetes, were dominant food items in the diets of Dover, rock, and

rex soles. Pollock and Pacific Ocean perch primarily consumed pelagic

euphausiids. Arrowtooth flounder and flathead sole rely heavily on both

the pelagic and benthic environments for food organisms taking euphausiids,

various benthic invertebrates and fish. Specifically, the brittle star,

Ophiura sarsi, was the most abundant and frequent food item in stomachs

of flathead sole collected from NEGOA. Euphausiids, particularly Thysanoessa
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spinifera, were important in the diets of flathead sole caught near

Hinchinbrook Island. Decapod crustaceans and molluscs were also observed

in gut contents of this species.

Smith et al. (RU #284, April 1977) also summarized data furnished

by the International Pacific Halibut Commission to arrive at several con-

clusions on the feeding habits of halibut, including: (1) zero age class

fish less than 10 cm in length feed primarily on small crustaceans, and (2)

larger and older fish feed mainly on shrimp, crab and fish. Sandlance is

particularly important in the diets of halibut over 25 cm in length (see

Section II).

Literature sources indicate that Dover sole caught off the California

coast feed primarily on molluscs, polychaetes and echinoderms (Smith et al.,

RU #284, April 1977). Other reports indicate that metamorphosed stages

concentrate on infaunal organisms for food. Smith et al. (RU #284, April,

1977) have examined the gut contents of 130 Dover sole collected from the

Gulf of Alaska. Their findings indicate that the brittle star, Ophiura

sarsi, is the primary food species. Another brittle star, Ophiura disacantha,

is a locally important food organism. Other prey species include pelecypods,

amphipods, cumaceans, Tanner crabs, euphausiids, teleosts, gastropods,

cephalopods, and scaphopods.

Growth studies on arrowtooth flounder, Dover sole, rex sole, flathead

sole, Pacific Ocean perch, Pacific cod, Gadus macrocephalus, and walleye

pollock indicate that sexual dimorphism occurs in all of these species

(Pereyra et al., RU #174, October 1976). Females are usually longer than

males but their growth rates are slower (Table 1-5-15). Pacific Ocean perch

may be an exception.
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TABLE I-5-15

Age Composition, Catch Frequency and Size of Principal NEGOA Fish Species
(Smith et al., RU #284, April 1977)
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Salmonids

Stern et al. (RU #353, December 1976) have summarized the current

state of knowledge of salmonids in the NEGOA lease area. Most salmon are

caught by commercial fisheries nearshore; oceanic distributions are such

that few fish are caught by high seas fisheries. Only a few chinook

salmon (Oncorhynchus tshawytscha) and steelhead trout (Salmo gairdneri),

reared in NEGOA natal streams are caught west of 175°W by the Japanese

mothership fishery.

Nearshore salmon catches are compiled by statistical districts. The

Prince William Sound District is most important, contributing 82 percent

of total salmon run in the NEGOA region. The Copper River District is

next in importance, followed by the Yakutat and Bering River Districts.

Pink salmon (0. gorbuscha) are most abundant; from 1966-75 this species

comprised 71 percent of the average annual salmon run (8.5 million fish).

Since 1946 pinks have contributed an annual average of 3.0 million fish

to the commercial catch. Sockeye salmon (0. nerka) are second in abundance,

contributing 14 percent of the total salmon run; chum (o. keta), coho

(0. kisutch) and chinook salmon follow, in declining order of abundance.

Although pink salmon are most important to the total NEGOA salmon

fishery, runs of sockeye to the Copper River District and coho to the

Yakutat District are of more importance locally. Chum salmon also contri-

bute substantially to the commercial catch in Prince William Sound.

Salmon runs in the NEGOA area have declined substantially from the

6 million annual average in 1924-45 to 3.0 million in 1946-75; however,

Stern et al. (RU #353, December 1976) reports the stocks are still substan-

tial.
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Spawning. In general, adult spawners have been observed in the NEGOA

lease area from early June through late October. By species, sockeye are

usually the first to arrive, followed by chum, chinook, pinks, and coho.

Coho and chum spawners are still migrating to natal streams through October.

On the basis of commercial catch, spawners first appear in the Bering River

and Copper River Districts, followed soon after by the appearance of mature

adults in Prince William Sound and Yakutat Districts. Spawning migrations

continue later in the Yakutat Districts than in any of the other districts.

Adult spawners enter the shelf region from the oceanic area through

a multidirectional front. Once on the shelf some spawners proceed direction-

ally to their "home" streams; others mill in areas such as the Copper River

Delta or undertake to and fro movements along the coast before entering

the natal stream. Spawners destined for streams in Prince William Sound

usually enter through Montague Strait, Bainbridge Passage and Elrington

Strait. Hinchinbrook Entrance is also a migratory route, generally used

by those spawners destined for streams along the eastern shore of the Sound.

The abundance of juvenile salmon is generally related to the number

of adult spawners. Utilizing various estimating factors, Sterns et al.

(RU #353, December 1976) report the juvenile population may average 231

million fish per year. It is also estimated that 600 million young fish

enter the marine environment in peak years.

Juvenile salmon typically enter the estuarine nurseries from May

through August. Some young salmon may remain there for several months;

others move offshore immediately. The marine migratory route is generally

along the continental shelf, following the coast towards Kodiak. Recruit-

ment to the migration, which began in California, is greater than the loss
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to oceanic dispersal. Thus, in the NEGOA lease area the migration contains

not only locally spawned juveniles but also many of those originating in

natal streams far to the south.

After moving out of the coastal zone, juvenile salmon begin to move

south, probably in response to temperature. The departure from the coastal

zone covers a broad front, generally extending from Yakutat to Unimak

Island in the Aleutians. The timing of the departure extends from late

summer through late fall.

Forage Fish: Taxonomic Key

Morrow (RU #285/318, Final Report, March 1977) has completed a taxonomic

key of forage fish using otolith characteristics. The key includes specific

information on the classification of 142 Alaskan fish species belonging to

20 families. The key has been formulated on the basis of normal adult

otoliths; juveniles are not readily classified, since their otoliths change

with development. Abnormal otoliths were also eliminated from detailed

classification; however, they can be classified as to family or genus. In

species with highly variable intraspecific characters, specimens have been

classified by several different dichotomous pathways to compensate for the

variability. Clear illustrations and simple, concise descriptions of

differentiating characters make this key of outstanding value for classifying

the more common species of the whole Alaskan OCS, including the Beaufort

Sea. Species discrimination was not attempted unless 75 percent accuracy

was guaranteed.
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Non-Salmonid Pelagic Fish

Wall and Macy (RU #64/354, September 1976) have reviewed the literature

and are evaluating data sources on the abundance and distribution of non-

salmonid pelagic fish in the Gulf of Alaska and the eastern Bering Sea.

In partial fulfillment of contractual requirements, these authors have sub-

mitted an annotated bibliography on non-salmonid pelagic fish. In the

document, over 200 literature citations pertaining to 15 families and 22

species have been compiled and annotated. The authors have cross-referenced

their compilation, listing all reports by subject and authorship. They

have also singled out those references which contain extensive literature

citations or which are major review works. Most of the references are

general to either the Bering Sea or Gulf of Alaska. Wall and Macy's review

and data analysis should identify data pertinent to individual lease areas.

Foreign Fisheries

Except for halibut and salmon, commercial exploitation of the NEGOA

fisheries resource is solely in the hands of foreign nationals. For the

period 1969-74, foreign fishermen took approximately 500,000 mt of demersal

fish out of the Gulf of Alaska. Approximately one-third of this catch

originates from the NEGOA lease area. Both fishing effort and total catch

have been increasing sharply in recent years.

Most of the foreign catch is taken by the Soviet Union and Japan;

other participating nations include South Korea, Poland, and Taiwan (Pereyra

and Ronholt, RU #174, October 1976). The Soviet catch includes walleye

pollock (45%), Atka macerel (Pleurogrammus monopterygius) (20%), Pacific

Ocean perch (11%), and Pacific cod (4%). Their effort is almost exclusively

by trawling.
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Japan, along with the United States and other foreign nationals, harvest

groundfish in the NEGOA lease area. Shippen (RU #174, January 1977) reports

that the Japanese caught 71,524 mt of groundfish from 1969 to 1974.

Approximately 80% of the total catch was taken by stern trawl; the re-

mainder by longline.

The primary target species of the trawling and longlining fisheries

were Pacific Ocean perch and sablefish (AnopZopoma fimbria), respectively.

Perch comprised 61% of the trawl catch and sablefish made up 95% of the

catch by longline.

Shippen also analyzed the Japanese catch data on a 1/2° latitude by

1° longitude statistical grid system. This analysis showed that most of

the Japanese catch has been taken on continental slope within the Yakutat

Canyon (statistical area, 50°00' - 59°30', 141°00' - 142°00'). The second

most prolific area is the outer shelf and upper slope south of the Cape

Suckling-Cape Yakutaga region (statistical area, 59°30' - 60°00', 143°00' -

144°00'). The total catch of groundfish from the Yakutat and Cape Suckling-

Cape Yakutaga regions was 22,940 and 15,476 mt, respectively.

In response to proposed test drilling at 59°45'N, 143°00'W, Shippen

evaluated the commercial fish resource based on Japanese catch statistics

(1964-1974) from the area encompassing the drill site (59030' to 60000'N,

142°00' to 144 000'W). The total Japanese groundfish catch was 30,232 mt.

Pacific Ocean perch was the most common species caught, followed in catch

abundance by sablefish and walleye pollock. The respective contribution of

each of these species to the total catch was 58, 17 and 9 percent.

Canadian and U.S. nationals share in the commercial catch of Pacific

halibut (Pereyra and Ronholt, RU #174, October 1976). The halibut catch
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statistics do not permit a breakdown for the NEGOA area; however, the catch

for the total northern Gulf from 1969 to 1974 was approximately 83,000

metric tons. Nearly 17,000 mt of this catch came from the Yakutat area,

almost exclusively within the Yakutat Sea Valley.
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BIRDS

Introduction

Several site-specific OCSEAP studies on the ecology and breeding

biology of marine birds in NEGOA are being conducted by USFWS at Copper

River Delta (CRD), Hinchinbrook Entrance, and the Wooded Islands (RU #341/342,

Parts 8-10, April 1977). An additional site-specific study of gull ecology

and vulnerability to oil on the CRD barrier islands is underway by investi-

gators from Johns Hopkins University (RU #96, April 1977). Studies of

marine birds covering wider geographical areas in NEGOA are being conducted:

Arneson (RU #3, April 1977) - censusing coastal birds and their habitats;

Bartonek et al. (RU #337, April 1977) and Bartonek et al. (RU #341/342,

Part 14, April 1977) - censusing pelagic birds and studying their food

habits; Myres and Guzman (RU #239, April 1977) - surveying distribution and

abundance of shearwaters; and Wiens et al. (RU #108, April 1977) - investi-

gating distribution and feeding aggregations of pelagic birds.

Food Habits of Migrant Shorebirds in the Copper River Delta

The Copper River Delta (CRD) is an important habitat for migrant and

nesting waterfowl and for migrating shorebirds, particularly dunlins and

western sandpipers (Refs. in SAI/NOAA NEGOA Synthesis 1977). Millions

of dunlins and western sandpipers utilize the delta for resting, feeding,

and staging during spring migration, with peak numbers occurring in the

first three weeks of May. Westerns are also abundant in late July and

early August, during fall migration. The fall migratory peak of dunlins

on the CRD apparently occurs later. To determine food habits of these
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species in the CRD, Bartonek et al. (RU #341/342, Part 10, April 1977)

have initiated analyses of stomach contents of birds collected on inter-

tidal mudflats at Hartney Bay (both species) and the mouth of the Eyak

River (western sandpiper only). Results of this study indicate that the

pelecypods Macoma balthica, Mytilus edulis, and Mya spp. are important

foods for both species, particularly the dunlin. Western sandpipers

sampled consumed significant quantities of chironomids, but these contri-

buted only a small fraction to dunlin stomach contents. In general, the

western sandpiper was found to be more eclectic in its food habits than

the dunlin.

Another objective of this study is to determine distribution, abundance,

and productivity of shorebird food organisms on the tidal flats through a

systematic transect sampling procedure. The study also entails capturing

western sandpipers and dunlins for laboratory analyses of lipid and water

levels and fatty acid composition of newly arriving birds compared to birds

departing the study area. On 30 July at Norton Bay, OCSEAP investigators

banded a semipalmated sandpiper which was trapped 10 days later at the

Hartney Bay study area. The investigators hypothesize that this and other

shorebird species migrated southward along the Bering Sea coast, turning

eastward in the Iliamna area.

Seabirds and Shorebirds in Hinchinbrook Entrance

Bartonek et al. (RU #341/342, April 1977) studied breeding and migra-

tions of seabirds and shorebirds in the vicinity of Hinchinbrook Entrance

to Prince William Sound. Hatching success of the seven major breeding

species, i.e., tufted puffin, black-legged kittiwake, common murre,
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glaucous-winged gull, arctic tern, black oystercatcher, and semipalmated

plover, is indicated in Table 1-5-16. Success was reasonably high (60-80%)

for all species except the kittiwake and possibly the common murre. The

low (1-2%) success of kittiwakes was attributed to predation by bald

eagles and perhaps by glaucous-winged gulls; kittiwake clutches were normal

sized (X = 1.4-1.9 eggs/nest on Table Rock). Murres also suffered heavy

predation, mainly by glaucous-winged gulls eating their eggs. Harassment

of adult murres by bald eagles caused the murres to leave their eggs ex-

posed to this predation by the gulls.

Egg laying occurred during late May and early June, with hatching

concentrated from mid- to late-June for most species, though the first murre

egg was not discovered until 19 June. Some decline in numbers of cliff-

nesting birds in 1976 compared to 1972 was noted (Table 1-5-17).

Censuses of Hinchinbrook Entrance and Constantine Harbor revealed the

following with respect to utilization of this region by non-breeding seabirds:

1. Late spring migration through the area was dominated by common

and arctic loons, greater scaup, bufflehead, Barrow's goldeneye,

oldsquaw and black, white-winged and surf scoters;

2. Surf scoters, white-winged scoters, harlequin ducks, and arctic

loons were conspicuous among non-breeding birds returning to

this area in summer (large numbers of harlequin ducks molted

in Constantine Harbor in June and remained in abundance through

July); and

3. Bonaparte's gulls, mew gulls, and arctic terns utilized coastal

areas in this region for fall staging.
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TABLE I-5-16

Comparative Hatching Success of Seven Species in Porpoise Rocks-Constantine
Harbor Area, 1976 (from Bartonek et al., RU #341/342, Part 9, April 1977).
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TABLE I-5-17

Variations in Numbers of Nests of Black-legged Kittiwake,
Pelagic Cormorant, Double-crested Cormorant, and Brandt's
Cormorant in Prince William Sound, 1972 and 1976 (from Bartonek
et al., RU #341/342, Part 9, April 1977).
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Censuses of a shoreline transect in Constantine Harbor showed the

pattern of utilization of this habitat by shorebirds and passerines from

May through August. Shorebird migration through the area ended in early

May, with some reverse migration of western sandpipers evident in July

(Figs. I-5-5 and 1-5-6). Some passerines, such as the golden-crowned

sparrows and varied thrushes, may utilize the shoreline early in the season,

until their preferred habitats become free of snow.

Seabirds of the Wooded Islands

Bartonek et al. (RU #341/342, Part 8, April 1977) are obtaining

data on distribution, abundance, phenology, and productivity of the 16

species of seabirds breeding on the Wooded Islands, off the southeast coast

of Montague Island. The four Wooded Islands (Wooded, Tanker, South and Fish

Islands) constitute the site of one of the largest seabird colonies in the

northern Gulf of Alaska. Principal species breeding here, in order of

abundance, are: tufted puffin (2,400 breeding pairs), fork-tailed petrel,

black-legged kittiwake, Leach's petrel, glaucous-winged gull, cormorants

(double-crested, pelagic, red-faced), pigeon guillemot, common murre, para-

keet auklet, and horned puffin. This is the northernmost known colony of

Leach's and fork-tailed petrels. Estimated numbers of the seabirds that

breed on the Wooded Islands are presented in Table 1-5-18. Reproductive

phenology of seabirds on Fish Island in 1976 is illustrated in Fig. 1-5-7.

In addition to these breeding birds, 10 other species of waterbirds use

the Wooded Islands throughout the summer but do not breed there.

Cormorants failed completely in their nesting on the Wooded Islands

in 1976. Kittiwakes fledged an average of 0.4 young per nest, fork-tailed

petrels fledged one young per egg laid, and at the end of the study period
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FIG. I-5-5. Occurrence (-) of Passerine Birds on Shoreline Transect in
Constantine Harbor, Hinchinbrook Island, 197 6 (Note: Five other

passerine species were seen once on transect: Alder Flycatcher,
Winter Wren, Robin, Ruby-crowned Kinglet, and Lapland Longspur)

(from Bartonek et al., RU #341/342, Part 9, April 1977).
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FIG. -5-6,. Occurrence (-) and Peak Migration (*) of Shorebirds on Shoreline

Transect in Constantine Harbor, Hinchinbrook Island, 1976
(from Bartonek et al.., RU #341/342, Part 9, April 1977).
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TABLE I-5-18

Estimated numbers of seabirds occurring in the Wooded Islands area based on 1972 and 1974
surveys by Isleib (pers. comm.) and this study in 1976 (from Bartonek et al., RU #341/342, Part 8, April 1977).



FIG. 1-5-7. Solid lines are observed stages of phenology on Fish Island during 1976. Dashed lines areestimated phenological events using the available literature (from Bartonek et al., RU #341/342, Part 8, April 1977).



Leach's petrel had an average 0.4 young alive (not yet fledged) per egg

laid. Reasons for the cormorant failure are unknown. River otter preda-

tion, egg desertion, and chick starvation were major causes of nest failures

in petrels, whereas storms and predation by ravens were major causes of

kittiwake failures.

Detailed species accounts and habitat descriptions are presented in

the report from RU #341/342, Part 8 (April 1977).

Effects of Oil on Hatching Success of Glaucous-Winged Gulls

Patten and Patten (RU #96, April 1977) investigated effects of crude

oil and mineral oil applied to glaucous-winged gull eggs on Egg Island,

an island off the northeast corner of Hinchinbrook Island and 20 km south

of Cordova. Egg Island supports the largest gull colony in NEGOA. Volume

of oil applied was 1 cc per egg, delivered by drops onto the shell surface

with a calibrated syringe. At this dosage, mineral oil covered about 50%

of the egg surface and crude oil about 25%. Fifty clutches (150 eggs) were

treated with North Slope crude oil and 25 clutches (75 eggs) with mineral

oil. Eggs were treated on 11 June (1976), about the tenth day of incuba-

tion. The 75 experimental nests were in a single colony, located adjacent

to another colony that was used as a control.

Results of this experiment indicate that both crude and mineral oil

on egg surfaces greatly reduce hatchability. Whereas hatching success for

untreated eggs was 77%, only 15% of eggs treated with mineral oil and less

than 1% of those treated with crude oil hatched (Fig. 1-5-8).

Three percent of eggs treated with crude and 5% of those treated with

mineral oil cracked within nine days of application. Some (2%) eggs treated

with crude oil were found outside of nests within 15 days, presumably
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FIG. I-5-8.Hatching success of undisturbed glaucous-winged gull eggs
on Egg Island and adjacent North Marble Island compared to hatching
success of experimentally oiled eggs (from Patten and Patten RU 96,
April 1977).
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ejected by adults. Examination of such eggs indicated that the embryos

within had died soon after being oiled. Most adult gulls in the experi-

mental colony continued to brood unhatched eggs about 20 days longer than

normal. Only 4% of the experimental and 5% of the control birds produced

replacement clutches, indicating that egg oiling does not stimulate laying

of replacement clutches.

Distribution and Abundance of Birds at Sea

Continuing shipboard and aerial surveys by Bartonek et al. (RU #337,

Parts 1 and 2, April 1977), Wiens (RU #108, April 1977) and Myres and

Guzman (RU #239, April 1977) are gradually filling gaps in our knowledge

about seasonal distribution and abundance of birds on Alaskan pelagic waters

(Table 1-5-19), though much more sampling in the future is required before

a clear understanding can emerge. In descending order of abundance, the

most numerous species are sooty and short-tailed shearwaters, common and

thick-billed murres, fulmars, tufted puffins, least auklets, fork-tailed

petrels, black-legged kittiwakes, parakeet auklets, and crested auklets.

The shearwaters breed in the southern hemisphere and migrate to Alaskan

waters during boreal summer. Aerial surveys (RU #337, Part 2, April 1977)

verified for the first time that a small population of shearwaters over-

winters in the Gulf of Alaska. In summer, shearwaters are the most abun-

dant and widespread of Alaskan pelagic birds, contributing up to 90% or

more to the pelagic marine avifauna (Myres and Guzman, RU #239, September

1976).

Flocks of birds feed wherever schools of forage fish or invertebrates

appear on the surface in the presence of the appropriate bird species.

Fish-based flocks usually form in shallow waters 5 to 20 km from shore.
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TABLE I-5-19 Relative density of seabirds in the Northeast Gulf of Alaska area
from shipboard t ansects in 1976-1977. - = area not surveyed[subscript]2 o = no birds,
+ = 1-9 birds/km ; ++ = 10-29 birds/km2 ; +++ = 30-99 birds/km; ++++ = 100+ birds/km2.*
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Principal forage species involved are sandlance, herring, capelin, and

other smelt. They tend to concentrate where their planktonic food supply

is concentrated by rips and convergences, and bird flocks form above them.

In the Gulf of Alaska flocking is generally initiated by black-legged

kittiwakes or glaucous-winged gulls, with cormorants, horned and tufted

puffins, and murres regularly participating, and occasionally joined by

up to 15 other species. Because these convergence areas also concentrate

floating debris, they have potential for concentrating oil, thus posing

a hazard to seabirds and their prey (Fig. I-5-9). Invertebrate-based

flocks also tend to occur in rips, mainly around passes, on shallow banks

and along the continental shelf margin. Euphausiids are the principal

forage items and shearwaters are the predominant bird species involved.

Kittiwakes, puffins, and auklets are regular joiners. Fin and humpbacked

whales also associate with the flocks (Wiens et al., RU #108, December 1976).

Coastal Migratory Birds in NEGOA

Arneson (RU #3, April 1977) sampled coastal marine birds in NEGOA

relative to habitat types and attempted to identify critical areas (Fig.

1-5-10). Preliminary analysis of data from the spring survey indicates

that the most heavily utilized habitats are bays, embayments and open

coast, and that the most abundant taxa are gulls and shorebirds (Table 1-5-20).

Arneson also found notable concentrations of seaducks and various other

birds in Riou Bay, and discovered a colony of Aleutian and arctic terns

breeding at the end of Riou Spit.
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FIG. 1-5-9. Processes involved in formation of bird
feeding flocks:convergence concentrates plankton,
attracting planktivorous fishes, and birds aggregate
to feed upon plankton or fish or both. Convergence
also concentrates floating debris and oil (from Wiens,
RU #108, December 1976).



FIG. 1-5-10. Tracklines of aerial bird surveys in Northeast Gulf of Alaska.
Symbols denote known or suspected critical areas for birds
(from Arneson, RU #3, April 1977).



TABLE I-5-20

Aerial Survey Bird Observations by Water Type for Northeast Gulf of
Alaska, 1-9 May 1976 (ID No. FG7604; from Arneson, RU #3, April 1977).
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MARINE MAMMALS

Seasonal Distribution and Abundance of Marine Mammals Offshore

Fiscus et al. (RU #68, October 1976) summarized available informa-

tion on seasonal distribution and abundance of all species of marine mammals

(except sea otters) in pelagic waters for the entire Gulf of Alaska

(Tables I-5-21 and 1-5-22). Data for this comprehensive report were ob-

tained by (1) compiling records collected since 1958 by NMFS pelagic fur

seal investigators; (2) stationing NMFS personnel aboard NOAA and OCSEAP

ships from November 1975 to June 1976 specifically to record marine mammal

sightings; (3) utilizing data obtained under the Platforms-of-Opportunity

Program by NOAA ship's officers and crew members trained in marine mammal

identification; and (4) summarizing records from the literature. These

data have been computerized to produce printouts of marine mammal sightings

by species and month on maps of the Gulf of Alaska.

Sea Otter

Schneider (RU #240, Final Report 1976) reports increasing numbers of

sea otters around the Copper River Delta and the appearance in recent years

of small groups of otters in Icy Bay and between Yakutat Bay and Cape

Fairweather, suggesting that natural repopulation of the area has begun.

According to Schneider (cited in SAI/NOAA NEGOA Synthesis 1977), the major

source of repopulating animals is Prince William Sound, parts of which have

reached carrying capacity.

Harbor Seal

Pitcher and Calkins (RU #229, April 1977) are continuing their studies

on the biology of harbor seals in the Gulf of Alaska. Through observa-

tion and examination of specimen material it has been determined that:
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TABLE 1-5-21

Summary of population size estimates of marine mammals
and regions of the Gulf where individual species are most likely
to frequent. General food resources and vertical zone of the
ocean where animals feed are also included. NE=no estimate avail-
able (from Fiscus et al., RU #68, October 1976).
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TABLE 1-5-22

Checklist of marine mammals by month of the year in pelagic waters of the

Gulf of Alaska (Lat. 520N, Long. 131°W to Long. 155 0W) excluding Cook Inlet and

Prince William Sound; and sea otters. Projections were made from data collected

from (1) Marine Mammal Division's Outer Continental Shelf Environmental Assess-

ment Program, 1975-76; (2) Platforms-of-Opportunity Program (NOAA), 1974-76;

(3) pelagic fur seal research, 1958-68; and (4) historical records summarized

from the literature. O=species present, +=greatest frequency; -=not known or

expected to occur; blank=no data available (from Fiscus et al., RU #68, October

1976).



(1) pupping occurs from mid-May to late June; (2) lactation lasts three to

six weeks; (3) ovulation and breeding occur with two weeks after weaning

(late June to late July); (4) females attain reproductive maturity at 5 to

7 years of age and males by 7 years; (5) pregnancy rate for females 5 and

older was 87%; and (6) males are sexually potent from about March to

September. Analysis of stomach contents showed principal foods to be

pollock, octopus, cods of the genus Gadus, sandlance, and capelin. In some

areas sculpins and flatfish also were important. Data on fetal growth

indicate different rates of growth in different parts of the Gulf. Meas-

urements of blubber thickness and weight indicate a pattern of good condi-

tion in winter until early- to mid-summer, a reduction of blubber reserves

in July and an increase again in October.

Observations indicate that disturbance (by humans) during the pupping

period increases pup mortality and that the molt (August 15 to October 15)

is another sensitive period. The authors suggest that disturbance of

hauling grounds be avoided during these periods.

Steller Sea Lions

Calkins and Pitcher (RU #243, April 1977) are also continuing their

studies of Steller sea lions in the Gulf of Alaska. More than seven

thousand sea lion pups have been branded at six rookeries in the Gulf.

Subsequent sightings of branded animals have demonstrated late fall move-

ment away from Marmot and Sugarloaf Islands in the western Gulf to areas

south and east of these islands. Those moving eastward enter NEGOA and

are believed to overwinter there, then return to the western Gulf in

spring. Areas where sea lions aggregate on land have been mapped, including

several newly located areas. The authors provide detailed descriptions of
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these areas and designate them on the basis of use as rookeries (breeding/

pupping grounds), hauling areas (any area where sea lions haul out on a

regular predictable basis) and stopover areas (where sea lions have been

spotted on land but only on an irregular basis and in low numbers). The

major rookeries in the Gulf of Alaska are in the Kodiak-Barren Islands

area, but a few smaller ones are identified in NEGOA.

Reproduction data from collected specimens indicate that females become

reproductively mature (produce mature gametes) at 3-5 years old and males

at 4-7 years. Pregnancy rate for 5-30 year old females is about 90%,

compared to 20% for 3-4 year olds and zero for 0-2 year olds.

Identification and analysis of prey items in 68 sea lion stomachs

showed that fishes made up nearly 98% of the diet, the rest consisting of

octopus and decapods. Eighty-four percent of fishes consumed were pollock.

A complete taxonomic and quantitative listing of dietary items is provided

by Calkins and Pitcher in their report (RU #243 loc. cit.).

Cetaceans in Prince William Sound

Hall and Tillman (RU #481, April 1977) surveyed cetaceans in Prince

William Sound and adjacent regions of the northern Gulf. Objectives of

the study are to determine relative abundance, distribution, foraging areas

and congregating areas of all species (Table 1-5-23). Studies of food

habits of the dall porpoise are also planned. From March 1976 to February

1977, a total of 2,049 cetaceans was reported seen in the Sound. This

figure includes an unknown number of repeat sightings of the same animals.

The authors (RU #481, April 1977) were able to recognize a few cetaceans

individually: a male killer whale with a deformed dorsal fin, an abnor-

mally colored (uniform gray) dall porpoise, and a humpback whale with a
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TABLE 1-5-23

Cetaceans Reported from Prince William Sound (from Hall and
Tillman, RU #481, March 1977).
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distinctly marked tail fin. Resightings of these individuals and their

companions provided information on residency and local movements. The

killer whale was with a herd of 25-35 killer whales that was sighted over a

period of several months in the area in the Wooded Islands, Hinchinbrook

Island and elsewhere in PWS; the dall porpoise was sighted in a group of 50

normal conspecifics on August 2 and four days later 13 miles away with only

two conspecifics (indicating fluidity of membership in large groups); and

the humpback was sighted twice in August near Knight Island and again in

November in Prince of Wales Passage, 14 miles from the August sighting

position.

Some generalized feeding relationships among species of the NEGOA Shelf

community are summarized in Fig. I-5-11.
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FIG. I-5-11. Generalized food web for NEGOA (based largely on a diagram of the
planktonic food web, provided by T. Cooney).
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MICROBIOLOGY

Microorganisms are essential components of any ecosystem, respond

rapidly to environmental perturbations, and can be used to monitor such

perturbations. With respect to oil and gas development, some micro-

organisms are capable of degrading petroleum contaminants to less noxious

products which, then, can be utilized by other heterotrophs. Other than

chemical and physical reactions, microbial degradation is the main process

for removing petroleum hydrocarbons from the environment.

OCSEAP-funded microbial research is designed to characterize normal

distributions and abundances of heterotrophs, chemotrophs, and pathogens

prior to oil and gas development. This research program will also define

the behavior of the microbial groups in response to arctic and subarctic

environmental conditions. Direct enumeration showed that the number of

heterotrophs was measurably greater in the sediment than in the water

(Atlas, RU #30, April 1977; Morita and Griffiths, RU #190-E, April 1977).

In general this finding is true for all of the Alaskan OCS sampled. In

winter 1976, the total number of cells in water samples ranged from 1.2-

2.7 x 105 cells/ml and averaged 1.9 x 105 organisms/ml. Population esti-

mates in the surficial sediments ranged from 2 x 107 to 3.1 x 109 cells/g

dry sediment. The mean number was 1.5 x 109 cells/g dry sediment.

In addition to the general heterotrophic distribution and abundance,

Atlas (RU #30, April 1977) also discussed the relative distribution and

abundance of Vibrio spp. and hydrocarbon degraders. Vibrio spp., which

are indicative of the potential abundance of human pathogens, were low in

numbers in water samples collected during the winter. Atlas indicates

that in general the abundance of hydrocarbon degraders is low throughout
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the Gulf of Alaska. In NEGOA the number of petroleum degraders was parti-

cularly low in both water and sediment samples collected in winter; the

degradation rate was higher in the water.

No significant spatial variations were noted in the distribution of

heterotrophs in the water column. The average Vmax (the maximum potential

glutamic acid utilization) value in offshore water samples was 1.4 ng

glutamic acid/l/hr (range, 0.3 - 3.4 ng glutamic acid/l/hr). These data

imply that initial biodegradation rates may be higher nearshore than off-

shore.

No systematic spatial variations were observed in the Vmax potential

of heterotrophs isolated from sediments: Vmax rates averaged 4.5 µg

glutamic acid/g dry sediment/hr (range, 0.1 - 27.5 µg glutamic acid/g dry

sediment/hr). The rate of glutamate utilization was 100 to 1,000 times

greater in the sediment than in the water column. The Vmax potential of

heterotrophy in NEGOA was much lower than that noted from other proposed

lease areas. This would imply that if petroleum contamination would occur

during the winter (the period of data collection), the initial rate of

degradation would also be lower in NEGOA than in other lease areas.

The cultured heterotrophs were separated into taxonomic groups on

the basis of cluster analysis of their respective patterns of substrate

utilization (i.e., 4°C isolates from NEGOA were tested on almost one

hundred different substrates; see Fig. 18 in RU #30, April 1977). These

taxonomic groups were defined at approximately the 70% phenotypic simil-

arity level.

Cluster analysis of heterotroph populations isolated at 40 and 20°C

from water and sediment samples collected from NEGOA in summer, yielded

19 taxonomic groups. Forty-nine percent of the organisms tested belonged
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to a single taxon. Winter water samples yielded 30 taxonomic groups

(isolated at 40C); winter sediment samples showed 26 groups. In both

cases, almost half the organisms tested fell into a single taxonomic

group.

Nutrient analyses were also conducted on all water samples. Average

concentrations were 1.88 µg-at/l (P04 ), 0.08 µg-at/l (NH3), 16 µg-at/l

(NO3 ), and 30 µg-at/l (Si03).
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SECTION II

LOWER COOK INLET: ENVIRONMENT, BIOTA, AND

POTENTIAL PROBLEMS RELATED TO OIL EXPLORATION

A Scientific Report Based on

OCSEAP-Sponsored Research Conducted

During FY 1977
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Chapter II-1

INTRODUCTION

Located in southcentral Alaska, Cook Inlet is a tidal estuary which

flows into the Gulf of Alaska east of the base of the Alaska Peninsula.

It trends in a northeast-southwest axis and is approximately 200 nautical

miles in length and 75 nautical miles wide at the mouth (Fig. II-1-1).

Prior to the discovery of the Arctic North Slope oil fields in 1968,

Cook Inlet was unique as the site of Alaska's only offshore oil production.

State lands in upper Cook Inlet were leased for offshore oil and gas

development as early as 1959.

State lease sales in Lower Cook Inlet were postponed (1963) when the

Federal government protested the sales on the basis of ownership of the

submerged lands. The jurisdictional dispute was settled by the U.S. Supreme

Court in June of 1975 when the Court upheld the United States' paramount

rights to the land beneath the waters of the lower, or seaward portion of

the Inlet.

In fall 1975, the BLM requested that NOAA initiate a research studies

program in Lower Cook Inlet, in anticipation of possible oil and gas leasing.

The program was begun in spring 1976 but only scattered preliminary results

-- mostly from studies of geologic hazards and marine biotic resources --

were available for inclusion in the FY 1976 Annual Reports Summary (NOAA/SAI

1976). FY 1977 saw an expansion of Lower Cook Inlet studies and an OCSEAP-

sponsored Synthesis Meeting (November 1976) to assess the current state of

knowledge concerning Lower Cook Inlet (SAI/NOAA, Lower Cook Synthesis 1977).
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FIG. II1-1-. Lower Cook inlet; proposed lease area stippled.

II-3



The final Environmental Impact Statement for proposed lease sales

in Lower Cook Inlet was published by the BLM in December 1976. Lease

sales are presently scheduled for October 1977. A second generation sale

might take place in 1980, but this is not presently confirmed.
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Chapter 1-2

CONTAMINANT BASELINES

INTRODUCTION

Sampling in Lower Cook Inlet has been of a reconnaissance nature.

Generally, the data are limited and originate from a few sampling stations.

Results are representative of the season the samples were collected and

only remote correlations can be made between these data and seasonal

results collected in other lease areas. (Additional introductory comments

are noted in the NEGOA section of this report.)

HYDROCARBON CONTENT AND COMPOSITION

The concentration of high molecular weight hydrocarbons in Lower Cook

Inlet biota, water, sediment, and seston is relatively low (Shaw, RU #275/

276/294, April 1977). The content of hydrocarbons in water is generally

low, usually less than 1 µg/kg. Although data are only available for

June 1976, a comparison with those collected in NEGOA shows no marked

differences, suggesting that the hydrocarbons present originate from bio-

genic sources.

Of 20 seston samples collected in Lower Cook Inlet, only one contained

measurable quantities of tar. That sample was collected in Kachemak Bay

and contained less that 0.1 mg of tar. (See the NEGOA section of this

report for tar contamination in the Alaska OCS.)

Since filter feeding clams and mussels have been shown to accumulate

petroleum hydrocarbons from the environment, Shaw investigated various

biota for the presence of hydrocarbons. He did not find any evidence of

petroleum contamination in Macoma balthica and Mya arenaria collected in

Kamishak Bay. Bay mussels, Mytilus edulis, collected in Prince William
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Sound and along the north coast of the Aleutians were also free of any

petroleum contaminants. Shaw concludes that the absence of petroleum

from these molluscs is a general indication of the absence of oil from

their environments.

Hydrocarbon analyses of sediment samples collected in Kamishak Bay

showed no petroleum contamination. Although only three samples were

analyzed, the results are comparable with findings in the biota.

Low Molecular Weight Hydrocarbons (C1 to C4 )

A cursory investigation of LMWH ambient concentrations in Lower Cook

Inlet was conducted in April 1976 (Cline, RU #153/155, April 1977; Cline

and Feely, RU #153/155, July 1976). Introductory remarks related to

OCSEAP studies on C[subscript]1 to C[subscript]4 hydrocarbons can be found in the NEGOA section

of this report.

Methane (C1 )

Methane levels varied spatially within the Inlet. Maximum concentra-

tions occurred in the surface (1,580 nl/l) and near-bottom (1,389 nl/l)

waters just south of the Forelands. Intermediate concentrations (~ 600 nl/l)

were recorded in water samples collected from Kamishak and Kachemak Bays.

The lowest methane levels (~ 100 nl/l) measured were in water samples taken

from the central area of Lower Cook Inlet.

Data are insufficient to make definitive statements on the origin of

the anomalous levels measured in Kachemak Bay and near the Forelands, but

Cline and Feely (RU #153/155, July 1976) believe the methane source near

the Forelands may be petrogenic. The super saturation levels of methane

(< 80 to 90 nl/l) in Kachemak and Kamishak Bays probably result from bio-

genic sources in the surface waters.
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Ethane and Ethene (C2 )

Surface and near-bottom ethane concentrations averaged 0.4 nl/l in

the lower part of the Inlet and ranged upward to 1.2 nl/l near the Forelands.

Ethene, the biogenic homolog of ethane, was most abundant (1.49 nl/l) in

Kachemak Bay and not measurable near the Forelands. Since ethene is not

of petroleum origin and is totally lacking in the samples from the Forelands

area, the high concentrations of methane and ethane measured are implicated

as originating from a petroleum source.

Propane and Propene (C3 )

Unusually high concentrations of propane were measured in surface

water samples from Kachemak Bay (0.5 to 1.0 n/l). The mean level of

propane in the surface water was 0.57 nl/l as compared to 0.20 nl/l in

the near-bottom water.

Propene concentrations were generally higher at the surface (average

0.59 nl/l) than near the bottom (average 0.34 nl/l), reflecting decreased

phytoplankton activity with depth. No propene was measured in water

samples collected near the Forelands, further implicating the high methane

and ethane concentrations measured in this area as petrogenic in origin.

Isobutane and n-butane (C4 )

No data were reported; however, the concentration of butanes in other

Gulf of Alaska lease areas has been at or below the detection limit of

0.03 ni/i.
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Diagnostic Indicators of Petroleum Introduction

The data are too limited to know with any certainty if the high alkane

concentrations at the Forelands and the high propane levels in Kachemak

Bay are the result of petroleum contamination. (A more extensive discussion

may be found in the NEGOA chapter of the report on the application of LMWH

as diagnostic indicators.)

HEAVY METALS

In this lease area only a few contamination-free sediment cores were

obtained. Data were not collected on the heavy metal concentration in

Cook Inlet biota or water. For a more complete discussion on heavy metals

concentrations and distributions in the Gulf of Alaska, see the NEGOA

section of this report.

Burrell (RU #162/163/288/293/312, April 1977) found that the extract-

able components are much lower in Lower Cook Inlet sediments than in NEGOA

sediments. Burrell postulates that the heavy metal "sorption" capacity

of the surface sediments is reduced by the turbulent removal of fine-

grained sediments.
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Chapter 11-3

HAZARDS

SEISMICITY AND VOLCANIC HAZARDS

Historical earthquake data from Alaska have been analyzed by Meyers

(RU #352, April 1977). Maximum earthquake intensities extrapolated from

available field observations in the Cook Inlet region are shown in Fig.

1-3-1. Historical earthquake recurrence rates range from 2.9 events per

year for magnitude 4.0-4.4 earthquakes (1963-1974 data) down to 0.013

events per year for magnitude 7.0-7.4 earthquakes (1899-1974 data; Meyers

et al., 1976b).

Historical records are being supplemented with data from Pulpan

and Kienle's (RU #251, April 1977) western Gulf of Alaska seismic network.

Excellent seismicity data were obtained for Lower Cook Inlet throughout

1976-77 (see RU #251, Appendices 2 and 3, April 1977). Three clusters of

shallow earthquakes have become apparent in the seismically active inlet

(Fig. 11-3-1): near Iliamna, around Augustine Island (apparently associated

with post eruptive activity) and at Cape Douglas. These data have not yet

been correlated with the geologic structures identified in Cook Inlet by

Hampton and Bouma (RU #327, April 1977); however, seismic activity below

50 km is clearly associated with underthrusting and subduction of the

Pacific Plate beneath the American Plate. This is reflected by the well-

defined Befioff zone that is now emerging from the accumulating data

(Fig. 4 of RU #251, April 1977).
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FIG. 11-3-1. Earthquake hypocenters for Cook Inlet region, February through
October 1976. (Class 1 events only; for definition see RU #251,
April 1977). Triangles with three-letter codes show seismic sta-
tion locations. One- etter code shows epicenter locations at
following depths: A, 0 to 25 km, B, 26 to 50 km, C, 51 to 100 km,
D, 101 to 125 km, E, 126 to 150 km, F, 151 to 175 km, G, 176 to 200
km (Pulpan and Kienle, RU #251, April 1977).
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Augustine Volcano

On January 22, 1976, after 12 years of dormancy, Augustine Volcano

entered a new eruptive phase (Pulpan and Kienle, RU #251, April 1977).

Vent clearing eruptions (January 22-25) removed much of the 1964 lava plug

dome (0.1 km3) and produced numerous nuées ardentes, pyroclastic flows,

surges and mudflows -- particularly on the north and northeast side of

Augustine where new land (0.3 km3 ) was formed. Three separate eruptive

clouds reached to stratosphere (11 km); sand-size ash particles fell in

Homer (110 km south-southeast of Augustine), while finer ash fell out over

the entire Kenai Peninsula including Anchorage and southeastern Alaska.

Further ash explosions, nuées ardentes, ash falls and muddy rains

(reaching the Kenai Peninsula) were noted on February 6. A new lava plug

dome was intruded 250 m above the crater floor during this period. Smaller

avalanches and pyroclastic flows accompanied renewed growth of the lava

dome in mid-April. Gas and steam effusions have continued since April 1977.

Pulpan and Kienle (RU #251, April 1977) noted swarms of microearthquakes

(Richter magnitudes < 2) -- mostly shallow, near-summit events -- in October,

November and December prior to the initial eruption. There is also evidence

that individual eruptive events may have been tidally triggered.

Major January nuees ardentes were accompanied by high temperature,

high velocity shock waves that advanced more than 1.5 km beyond the basal

ashflow deposits. Smaller February nue'es were estimated to travel with a

speed of 180 km/hr. The research station (corrugated aluminum building) at

Burr Point sustained major damage from air blast and thermal effects asso-

ciated with r.aie a2•.-te eruptions, while a small hut on the northeast flank
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of the volcano was completely destroyed. A preliminary and highly signifi-

cant assessment of Augustine volcanic hazards, prepared by D. Johnson,

University of Washington, is included as Appendix 4 to RU #251, April 1977.

A final hazard report and volcanic risk map will be completed by July 1977.

SHALLOW FAULTING AND BOTTOM INSTABILITY

Hampton and Bouma's FY 1977 studies in Lower Cook Inlet (RU #327,

April 1977) centered on the identification of active faults and areas of

sediment instability and on the collection of information about sediment

types and their distribution. The following maps are now available:

* distribution of faults in Lower Cook Inlet (Fig. 11-3-2)

* surficial sediment types (Fig. 11-3-3)

* generalized isopach map of Quaternary sediments (Fig. 11-3-4)

* distribution of bedforms (Fig. 11-3-5)

Seismic records have revealed only a limited number of small surface

faults and no slump phenomena in Lower Cook Inlet. The faults can be

divided into three categories: (1) faults confined to Tertiary rocks,

(2) faults that offset Tertiary and Quaternary formations without seafloor

expression, and (3) faults that resulted in an offset of the seafloor --

the only group considered to be active. None of the faults identified was

large enough to permit correlation between tracklines (Fig. 11-3-2).

Thicknesses of unconsolidated sediments (Fig. 11-3-4) were measured

from the seafloor down to an angular unconformity that showed up distinctly

on most of seismic reflection records. The deformed rocks below the un-

conformity are probably of Tertiary age, while the generally flat-lying

sediments above the unconformity are primary and reworked glacial sediments

deposited during Pleistocene and later time. Thickness measurements were
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FIG. 11-3-2. Faults in Lower Cook Inlet (Nampton & Bouma, RU #327, December 1976,
Appendix C).
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FIG. 11-3-3. (Hampton & Bouma, RU #327, April 1977, Appendix II)
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FiG. II-3-4. Generalized isopach map of Quaternary sediments, Lower Cook Inlet (Hampton &
Bouma, RU #327, December 1976, Appendix B).
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FIG. 11-3-5. (Hampton & Bouma, RU #327, April 1977, Appendix II)
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contoured only generally (areas south of Augustine Island and surrounding

the Barren Islands are especially complex). The escarpment shown on the

isopach map is erosional, rather than fault-controlled.

Several different sedimentary bedforms are well represented in Lower

Cook Inlet (Fig. 11-3-5). Sand waves, dune or megaripples, current ripples,

sand ribbons and lag deposits all form a microtopography on the otherwise

smooth seafloor; all appear to be related to tidal currents. Television

observations reveal high rates of active bedload transport (up to 30 cm/sec)

on the crests of large sand waves. The low surface angles (< 8°) of the

larger bedforms however, suggest they may be relict features or migrate

only under severe conditions. Active sediment scouring may present a threat

to trenching and pipelines, while vibrations and resonance due to turbulence

and detachment of flow may produce damaging stresses in offshore structures

(Hampton and Bouma, RU #327, December 1976).

Additional insights into the origin and transport of Lower Cook Inlet

sediments have been provided by electron microscope studies of surface

microtextures of quartz grains (RU #327, Appendix II, April 1977) and by

clay mineral studies (Appendix III).

The present distribution of unconsolidated sediments in Lower Cook

Inlet implies that an original blanket of Pleistocene deposits has been

winnowed in northern areas and covered with redeposited sands to the south.

Surface microtextures typically reveal relict glacial features, often

modified by chemical or mechanical action. The distribution of micro-

textures indicates a central zone of intense bedload activity within a

field containing large sand waves. Outside of this zone, where bedforms

are small or absent, chemical alteration of grain surfaces is abundant,
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indicating relatively low-energy bedload activity. Grains from a few local

areas in the north show nearly unaltered glacially influenced grains.

Hampton et al. conclude that Lower Cook Inlet sediments appear to be

approximately in equilibrium with the present current regime and signifi-

cant net transport throughout the area does not appear to be taking place

(RU #327, Appendix II, April 1977).

The Copper River is the main source of clay minerals found on the con-

tinental shelf (and perhaps the upper slope) from the Copper River west to

at least the western limit of Kodiak Island. This Copper River chlorite-

rich clay mineral suite is also carried into Cook Inlet, maintains its

identity around the Barren Islands, and can be traced north as far as

Homer and into Kachemak Bay. Near Homer, the Copper River suite mixes

extensively with the illite-rich Susitna River or upper Cook Inlet suite.

Apparently, currents flowing out of Cook Inlet hug the northwestern shore

and deposit the Susitna River suite there in Lower Cook Inlet south of

Homer. This illite suite is evident as far south as Kamishak Bay, where

sampling stops. Apparently the Susitna River suite does not enter the

Pacific through Stevenson Trough because this area contains the character-

istic of Copper River clay mineral suite (RU #327, Appendix III, April 1977).
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Chapter 11-4

TRANSPORT

OCSEAP involvement in physical oceanography research in the Lower Cook

Inlet has so far been limited. Data from earlier hydrographic surveys and

circulation studies were presented and discussed at the OCSEAP-sponsored

Lower Cook Inlet Synthesis Meeting held in Anchorage, Alaska from 16-18

November 1976. The general picture that emerged from these deliberations

is summarized below.

Circulation is dominated by tidal currents and generally follows bathy-

metric contours. There is a seasonally high variable input of freshwater,

particularly in the upper inlet, but due to high turbulence and limited

freshwater input, a typical estuarine two-layered structure is not formed

in the Lower Cook Inlet except in isolated embayments and coves, e.g., inner

Kachemak Bay. On occasions, the open parts of the lower inlet can become

stratified, for example the western part of the region northwest of Kennedy

Entrance. The central region appears to be vertically homogeneous (STD

data from National Ocean Survey (NOS), 1973).

Current meter data from National Ocean Survey from summer 1973 have

been analyzed by the Pacific Marine Environmental Laboratory (PMEL).

Current fields as projected for January 1, 1976, showed currents with speeds

approaching and exceeding 4 knots primarily in the east-central part of

the inlet and through the Kennedy Entrance. A tidal stream atlas, developed

at the Institute of Marine Sciences, University of Alaska, showed two regions

of maximum currents: between the Forelands (up to 335 cm/sec) and southwest

of Fire Island (up to 365 cm/sec).
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The salient features of the mean (non-tidal) flow, as deduced from

the analysis of NOS hydrographic and current meter data at PMEL, showed

a primary westward flow in the lower part of the inlet. This flow is

probably driven westward through Kennedy Entrance by sea level difference.

It is constrained by bottom topography in the lower part of the inlet and

flows southward, thence into Shelikof Strait. A second primary flow occurs

southward along the western part of the Lower Cook Inlet and is driven by

estuarine flow primarily as a result of freshwater input in the upper inlet.

A secondary northward flow into the eastern part of Lower Cook Inlet probably

replaces water entrained laterally into the southerly flow on the western

side. The eastern-central region has variable patterns, including some

eddy-like features. A clockwise circulating gyre outside the Kachemak

Bay is probably a quasi-permanent feature. A small region, Station 26,

characterized by sluggish circulation and the absence of coherent flow was

identified in the central part of Lower Cook Inlet (Fig. 11-4-1).

A transportable, easily assembled and operated pair of radar units

capable of producing a map of near-surface currents on location in real

time is being developed by Barrick (RU #48, April 1977). Preliminary tests

and calibrations of these units have been carried out. The first simul-

taneous two-site data were obtained in October 1976 off Florida to map

features of the Gulf Stream flow nearshore. The first Alaskan operation of

the radar units is planned for the Lower Cook Inlet in summer 1977.
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FIG. 11-4-1. Lower Cook Inlet flow regime as derived from hydrographic
and current data obtained during summer 1973 (provided
by R. Charnell, NOAA/PMEL).
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Chapter 11-5

RECEPTORS

PLANKTON

Chlorophyll and Primary Productivity

Data on chlorophyll a, primary productivity, available solar radiation

and nitrate concentration have been reported by Larrance (RU #425b, Final

Report, April 1977). Five cruises were conducted in the area from April

to August 1976. Samples were collected at nine stations in the Lower Cook

Inlet: four along a mid-inlet transect from the mouth of the inlet facing

Shelikof Strait to Forelands, two stations each in Kachemak and Kamishak

Bays, and one station in Kennedy Entrance.

Chlorophyll a concentration throughout the study area was low in April,

2 2less than 25 mg/m2 in the upper 25 m with an average of about 11 mg/m2

It increased steadily through early mid-July, then decreased to low levels

by late August. The average value for all observations from 9 stations in

respective cruises was 97 mg/m2 (standard deviation, (s.d.) = 102) in early

May, 121 mg/m2 (s.d. = 67) in late May, 82 mg/m2 (s.d. = 46).in mid-July

and 31 mg/m2 (s.d. = 11) in late August. These averages are biased by

repeated measurement at a few stations, especially Station 6 located in

the inner part of Kachemak Bay where values were consistently high.

Chlorophyll a concentrations exceeding 200 mg/m2 in the upper 25 m were

noted at this location in early and late May.

Primary productivity data were not obtained at all stations during

all cruises. The available data show that average daily productivity was

0.4 gC/m2 (s.d. = 0.4, number of observation, (n) = 6) in early April,

2.4 gC/m2 (s.d. = 3.6, n = 4) in early May, 4.9 gC/m2 (s.d. = 2.6, n = 3)
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in late May, 2.8 gC/m 2 (s.d. = 1.6, n = 4) in mid-July, and 0.7 gC/m 2

(s.d. = 0.2, n = 7) in late August. Primary productivity levels in Kachemak

Bay increased over 10 fold between early April to early May when the value

of 7.7 gC/m 2/day was recorded. Productivity then steadily decreased to

low levels in late August. The observed high value in Kachemak Bay,

7.7 gC/m 2/day, is one of the highest reported from natural marine environ-

ments. High primary productivity was also observed in Kamishak Bay but

the values, 2.3 gC/m2/day in late May and 3.6 gC/m2/day in mid-July, were

not as high as in Kachemak Bay. The increase in Kamishak Bay productivity

from early April to mid-July was nearly 100 fold.

Stations in the vicinity of Forelands were characterized by highly

turbid waters and low productivity. At times, the depth of euphotic zone

was as low as 1 m. Maximum measured productivity in this area, observed

in mid-July, was about one-tenth of the values in Kachemak Bay. In the mid-

channel, sustained levels of moderate to high productivity were initiated

after the start of water column stratification in late May.

In Kachemak Bay, high primary productivity was accompanied by depletion

of nitrate from the photic zone. In other parts of the inlet nitrate con-

centration was from high to moderate levels even when productivity was

substantial. This suggests that the exchange of water in Kachemak Bay,

especially in the inner part, was much slower than in the mid-channel area.

Further studies on the water exchange between Kachemak Bay and open water

of Cook Inlet will help understand the influence of circulation on the ob-

served high productivity of Kachemak Bay.
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Phytoplankton Species Abundance

Nearly 50 species of phytoplankton were identified from samples

collected in the Lower Cook Inlet (Larrance, RU #425b, Final Report, April

1977). The populations were dominated by microflagellates and diatoms with

smaller numbers of Chrysophytes, Dinoflagellates and green algae. The

diatoms Melosira suZcata, Nitzschia delicatissima, Nitzschia longissima,

Thalassionema nitzschioides and Thalassiosira aestivalis were represented

in samples throughout the study period. In Kachemak Bay, numbers of

Thalassiosira aestivalis were as high as 106 cells/l and constituted the

major component of the observed phytoplankton bloom. A distinct cross-

inlet gradient in Thalassiosira population abundance was observed, with

low concentrations on the west side in Kamishak Bay, moderate levels in

mid-channel and higher values to the east. The large Thalassiosira bloom

subsided to low levels by July. Chaetoceros was the dominant genus at that

time with concentration of 105 to 106 cells/l; lower numbers were found

north of Kachemak and Kamishak Bays. In late August, diatom populations

had decreased markedly and microflagellates (nearly all unidentified) be-

came dominant in the entire study area.

Temporal and areal patterns of other species were not discernible from

the data. The pennate diatom, Thalassionema nitzschioides was ubiquitous

and was found in samples from all cruises. Melosira sulcata was primarily

found in samples from the northern portion of Lower Cook Inlet. Dino-

flagellates were not abundant but were more prevalent in July and August

samples.
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Zooplankton

Damkaer (RU #425a, April 1977) has provided data and results on zoo-

plankton abundance and distribution in the Lower Cook Inlet. All samples

have not yet been analyzed and reported. Samples were collected at each

station in April, May, July and August 1976 at noon and midnight with both

closing ring nets (mesh size 0.2 mm) and with bongo nets (mesh sizes 0.3

and 0.5 mm) towed obliquely from 200 m (or near the bottom if shallower)

to the surface. Reported data and results are principally from Station 6

in Kachemak Bay.

Seasonal abundance of zooplankton biomass, measured as settled volume,

in Kachemak Bay was markedly different from that at other open water stations

in the Lower Cook Inlet. Mean settled volume in the upper 25 m at Station 6

increased from 0.3 ml/m³ in early April to a maximum of 32.5 ml/m3 in early

May; moderately low volumes, between 1 and 7 ml/m3 were noted from late

May to late August. In the open water Lower Cook Inlet stations, maximum

settled volume, 10 ml/m , was noted in early July.

From April through August at Station 6 in Kachemak Bay, there was a

consistent increase in settled volume at night. The night volumes in the

upper 0-25 m layer ranged from four times the day volumes in early April

to approximately two times the day volumes in May, July and August.

The list of zooplankton species and taxa shows only 18 species of cope-

pods (Table 11-5-1). Pseudocalanus sp., Acartia longiremis and Oithona

similis were numerically the most abundant copepods. Cirripeda (barnacle)

nauplii, which may form an important food source for planktivorous animals,

were very abundant in early April. They were replaced by smaller numbers

of more advanced cyprid larvae by early May, and by late May there were

no specimens of either form in the plankton. However, another generation
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TABLE 11-5-1

Zooplankton species and major taxa identified in samples collected in
Kachemak Bay, April-August 1976 (from Damkaer, RU #425a, April 1977)
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was apparently well underway as barnacle nauplii and cyprid larvae were

again abundant. Crab Zoeae were found in lower numbers from May to July

(Table 11-5-2).

Meroplankton

Data from a reconnaissance survey of eggs and larvae of fish and

shellfish, particularly those of commercial importance, are reported by

English (RU #424, April 1977). Seven sampling cruises were made during

the last reporting period, April 1976 to March 1977. Over 150 samples

were collected from April to October 1976. Samples were collected with

obliquely towed bongo nets (mesh sizes 333 and 505 µm), usually from 200 m

or from near the bottom to the surface. A 1 m diameter NIO net, a Miller

net, and other nets were also used occasionally. All collected samples

have not yet been analyzed.

The numerical abundance of fish eggs and larvae and shellfish larvae

is summarized in Table 11-5-3. The data and results reported so far demon-

strate that eggs and larvae of economically important fish and shellfish

populations of Lower Cook Inlet do occur in the water column. Advection

of early life stages into the inlet is apparently insignificant.

Spatial distribution of fish eggs is very variable; it is even more

marked for different egg size groups, i.e., less than 1 mm, 2 mm, etc.

This is probably due to localized and seasonal spawning and early develop-

ment of fish. Small eggs (possibly belonging to yellowfin sole) were abun-

dant in Kachemak and Kamishak Bays in mid-July; they were virtually absent

in samples from April, early May and October. Fish eggs of 1 mm size (0.9

to 1.3 mm), possibly belonging to Pacific cod, starry flounder, butter

sole and English sole, were most abundant in May. In early May high numbers
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TABLE 11-5-2

Mean abundance of principal zooplankters in the water column, numbers/m 3 , at Station 6 in Kachemak Bay, April
to August 1976 (Damkaer, RU #425a, April 1977)



TABLE 11-5-3

The total number of fish eggs and larvae and shellfish larvae collected during each sampling period from various locations
in Lower Cook Inlet. The number of analyzed samples is given in brackets if all collected samples were not analyzed.
Asterisks indicate that only partial data for analyzed samples were given (Data from English, RU #424, April 1977).



were found in inner Kachemak Bay, in late May moderately 
high numbers

occurred in both Kachemak and Kamishak Bays. Eggs of 2 mm size (1.3 to

2.5 mm) were present in very small numbers. This egg size group, possibly

belonging to walleye pollock, Dover sole, Rex sole, petrale 
sole, and slender

sole, occurred only in May and July samples. The large egg size group

(2.6 - 3.9 mm), possibly belonging to flathead sole and Pacific halibut,

occurred in small to moderate numbers during May, especially in the southern

parts and mouth of the Inlet. On an overall basis, fish eggs were relatively

more abundant in Kachemak and Kamishak Bays. They were least abundant in

the northern parts of Lower Cook Inlet and tended to be 
scarce in the center

of the inlet between Kamishak and Kachemak Bays.

English has also provided a comprehensive annotated 
bibliography of

pertinent literature.
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BENTHOS

Dames and Moore (1976) submitted their final report to the ADF&G

describing the marine benthic communities of Kachemak Bay. Their study

sites are indicated on Figure 11-5-1; rocky intertidal and shallow sub-

tidal habitats were examined.

Macrophyte production of nearshore kelp and eelgrass beds contri-

butes large quantities of plant material to the benthic assemblages of

Lower Cook Inlet (and NEGOA). The major contribution of plant material

to nearshore waters is during autumnal storms, at a time when phytoplankton

stocks are declining rapidly. Drifting plant materials are distributed

widely within Cook Inlet. Algal debris is frequently observed in the

middle Inlet, at least 60 miles from appreciable algal stocks. Large

quantities of bull kelp have been observed stranded in Kamishak Bay, at

least 40 miles from the nearest bed. In fact, it appears from the paucity

of large herbivorous species that most of the plant material produced in

the nearshore assemblages is exported and utilized elsewhere. Decomposi-

tion rates are slow, thus algal debris from fall shedding may remain

available as food for several months during the winter.

Concomitant with their study in Kachemak Bay, biologists with Dames

and Moore have been studying marine plant communities in Prince William

Sound and the northern Gulf of Alaska (Dames and Moore, RU #27, Final Report,

January 1977). Despite the strong biological similarities between these

nearshore systems, there are marked differences in community structure and

energy pathways. An obvious difference is the scarcity of macroherbivores

in the northern Gulf. Sea urchins are key herbivores in this region. Only

small numbers of urchins are present in the Gulf; population data suggest
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FIG. II-5-1 (Dames and Moore, 1976)
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patchy settlement and recruitment. In contrast, in some areas of Kachemak

Bay urchin densities average 100/m2; size distributions indicate longevity

and maintenance of the overall population.

Another important difference between the component populations of

these seaweed communities is the presence or absence of the mussel,

MuscuZus spp. Musculus covered extensive portions of the shallow sub-

littoral zone in the northern Gulf during the summers of 1974, 1975 and

1976. No doubt Musculus contributes appreciable amounts of energy to

secondary consumers; however, it was uncommon in Kachemak Bay and occurred

only sporadically near the mouth of the Bay.

Dames and Moore biologists conclude that herbivores such as snails

and sea urchins are regulated in size and number by factors associated

with recruitment and the physical transport of juvenile stages from one

location to the next. Examination of distribution and size data from

Kachemak Bay suggests that successful recruitment of major species of both

algae and invertebrates is extremely patchy in time and space (for instance,

annual re-establishment of kelp beds cannot be assumed). Intertidal and

shallow subtidal assemblages may be affected more frequently in South-

central Alaska by cyclic and natural disturbances (such as red tides, ice

scour, freshwater runoff, geological disturbance, etc.) previously reported.

These natural disturbances are likely greater than any induced by man in

this area to date.

Feder (RU #281, April 1977) reports on his continuing studies of the

benthic faunas of Lower Cook Inlet. Forty-five widely dispersed stations

were occupied in Cook Inlet; thirteen of these stations were ultimately

selected for detailed analysis of van Veen grab samples (Table 11-5-4).
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TABLE II-5-4

Number and percent of species in each phylum and class, Cook
Inlet grab samples, 13 stations (Feder, RU #281, April 1977).
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Forty-seven stations were occupied with three types of trawls. Two

hundred eleven species have been determined from the grab sampling program,

and 189 species from the trawl and dredge material. It is probable that

all species with numerical and biomass importance have now been collected

from Cook Inlet and additional sampling will only add rover species.

A food web, inclusive of major epifaunal species, is now available

for Cook Inlet (Fig. 11-5-2). The tanner crab in the latter area feeds,

in order of decreasing importance, on clams, hermit crabs, barnacles and

crangonid shrimps. King crab feed on Nuculana and Macoma, two deposit

feeders. Bivalve molluscs and crustaceans were the major food items of

the fish examined from Cook Inlet.

Initiation of clam age-growth studies in Cook Inlet has resulted in

preliminary age-growth data on 673 specimens of Tellina nuculoides and

555 specimens of Glycymeris subobsoleta. Further age-growth data on

other clam species from Cook Inlet will be available for the Final Report.

Such age-growth analyses will make available important biological para-

meters useful for long-range monitoring programs in these areas.

Blackburn (RU #512, April 1977) describes the results from 20 otter

trawl stations occupied in Lower Cook Inlet. Tanner crab, Chionoecetes

bairdi, occurred in greater abundance than any other taxon and were present

in 86% of the hauls. They occurred in greatest biomass at a station near

Seldovia and in the western half of Lower Cook Inlet south of about 59°25'N.

Average catch per haul varied both spatially and temporally. King crab,

Paralithodes camtschatica, were the seventh most abundant taxon taken and

occurred in 60% of the hauls. They too occurred in greatest abundance near
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FIG. 11-5-2. A food web based on the benthic invertebrates of Lower Cook
Inlet. Carbon flow is in the direction of the arrows. Bold
lines indicate major flow sources based on frequency of
occurrence (Feder, RU #281, April 1977).



Seldovia and in central Lower Cook Inlet. Unlike tanner crab, king crab

occurred in Kennedy Entrance. Catches were variable but no systematic

pattern was evident.

Haynes and Wing (RU #496, January 1977) have published an excellent

account of the temporal distribution patterns of king crab, pandalid

shrimp and brachyuran crab larvae in Kachemak Bay. In 1972 larvae were

released primarily in the northwest quadrant of the Bay and the areas of

highest abundance for early and late stage larvae generally were in

the northwest quadrant throughout the April-June sampling period. Dis-

persal of larvae from the release area was predominantly toward the gyres

observed by Wennekens et al. (1975). Continued zoeal abundance in the

outer Bay likely reflects entrainment of the zoeae in the gyres. Immigra-

tion of zoeae out of the Bay along the northern shore undoubtedly occurred,

but could have been minimized. It is not known if immigration of larvae

into Kachemak Bay occurred along the southern shore in 1972. There was

no evidence of a relatively large influx of larvae in this area in 1972

and no obvious differences from other areas of the Bay in the expected

progression of larval stages with time.

The question of whether Kachemak Bay is an "open" or "closed" system

in regard to decapod larval migration cannot be answered at this time.

Haynes and Wings' station pattern did not extend far enough seaward to

determine the existence of other areas of larval abundance and no samples

were taken after the end of June when larvae were still present. Also,

the studies of larval distribution and of circulation in Kachemak Bay were

separated in time, and annual variation of both are unknown. Behavioral

patterns of the larvae are poorly known, especially whether or not they
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have the ability to maintain their geographic position in spite of net

transports. Quite likely migration of decapod larvae into and out of

Kachemak Bay occurs, but its importance in relation to maintenance of the

decapod populations within the Bay has not been determined.

ADF&G (1976) has recently summarized distributional data and catch

statistics for commercially important benthic invertebrates in Lower Cook

Inlet. The Inlet is included within the ADF&G Cook Inlet-Resurrection Bay

Regulatory District; for management and statistical purposes the Inlet is

subdivided into a number of separate fisheries districts (Fig. 11-5-3).

Annual catch statistics for crabs and shrimp taken from Cook Inlet are

summarized in Table 11-5-5.

In 1974, the most recent year for which fisheries statistics are

available, Tanner crab contributed the greatest proportion of the Regula-

tory District's total crustacean harvest. Shrimp (predominantly pink

shrimp, but also including other species), king crab, and dungeness crab

followed in order of declining importance. The Kamishak Bay District

yielded the greatest quantities of tanner and king crabs, followed by the

Southern District. The latter, however, yielded by far the greatest

harvests of dungeness crab and shrimp. The seasonal distribution of maxi-

mum fisheries success, during 1974, is also indicated in Table 11-5-5.
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FIG. 11-5-3. ADF&G, Division of Commercial Fisheries Cook Inlet Fisheries
District (ADF&G, 1976).
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TABLE 11-5-5

Summary of 1960-1974 Cook Inlet region catch statistics (in millions of Ibs)
for commercial invertebrates.*



FISH

Using an eastern otter trawl, purse seines, tow nets, gill nets

and beach seines, Blackburn (RU #512, April 1977) collected data on the

distribution and relative abundance of various demersal and pelagic fish

species. As a result of this effort Blackburn compiled a preliminary

listing of fish species utilizing Lower Cook Inlet waters; the list in-

cludes 23 families and 76 species.

Based on the otter trawl catch, Blackburn reports that the frequency

of occurrence was similar in June, July and August but declined in

September, especially in the inshore and more northerly areas. Catches

were generally highest in July and August. August catches also showed

a general increase from north to south.

Yellowfin sole (Limanda aspera) were the most abundant flatfish

species, occurring in 58% of the trawls. Areas of peak abundance include

the central Inlet east of Augustine Island, south of Oil Bay, near Seldovia,

and west of Anchor Point. This species was never caught in the most

northerly areas and were uncommon in the central Inlet north of Augustine

Island and in the deep water areas (> 125 m) of the southern Inlet.

Blackburn also noted that the higher catches came from increasingly

greater depths as the season progressed, suggesting that the demersal

fish are moving to deeper water.

Pacific halibut (Hippoglossus stenolepis) were next in abundance and

occurred in 66% of the hauls. The species was most numerous nearer shore

and in the mouth of Kachemak and Kamishak Bays. Modest numbers also

occurred in the central Inlet north of 59°10'N. Small individuals were

generally nearer shore, especially on the west side.
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Rock sole (Lepidopsetta bilineata) were third in flatfish abundance,

but the most widely distributed, occurring in 79% of the trawls. Their

abundance was greatest in the central Inlet, east of Augustine Island.

In general, rock sole catches were greatest in September, followed by

those catches made in August.

Butter sole (Isopsetta isolepis) were next in flatfish abundance;

although this species occurred at 59% of the stations sampled it was identi-

fied in 81% of hauls made in less than 100 m of water. The species was

caught at only 6% of the stations with water depths greater than 100 m.

Butter sole were most abundant in the central Inlet southeast and east of

Augustine Island. They were also abundant in the northern areas of the

Lower Inlet.

Codfish were the second most abundant demersal finfish group caught

and walleye pollock was the dominant cod. This species occurred in 69%

of the trawl but the greatest catches were usually made at depths greater

than 100 m, in the southern Inlet. On a station by station comparison,

Blackburn indicates that pollock were more abundant in August.

Pacific cod (Gadus macrocephalus) were the second most abundant cod-

fish and occurred in 67% of the trawls. The greatest abundance of this

species was in the southern Inlet and is in the central Inlet in the lati-

tude range from Homer to Anchor Point.

Sculpins were the third most abundant demersal finfish and the yellow

Irish lord (Hemilepidotus jordani) was most numerous. This species occurred

in 64% of the catches and yielded the greatest catch (137 kg/20 min tow).

Abundance was greatest in the Kennedy Entrance area.
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Catch data on other finfish species has not been completely analyzed.

Additional seasonal data should be available after the analysis and compari-

son have been made on samples collected in March 1977.

From the discussion it is not clear as to how many species Blackburn

caught with beach seines. However, he does discuss the occurrence and

distribution of pink salmon (oncorhynchus gorbuscha) outmigrants, saffron

cod (Eleginus gracilis) and longfin smelt (Spirinchus thaleichthys). Pinks

were caught in 30% of the beach seine hauls and were found in most areas

at some time. An exception to this was in the east shore zone between

the Forelands and the Anchor Point where numbers were sparse.

Saffron cod occurred most frequently along the eastern shoreline north

of Cape Ninilchik; numbers generally decreased from the Kenai River mouth

to the Forelands. Occasional catches were made in Kachemak Bay west of

Sadie Cove and a single cod was caught on Amakdedori Beach in Kamishak Bay.

Longfin smelt also occurred frequently north of Cape Ninilchik.

Other locations of occurrence included the nearshore areas south of Snug

Harbor and Iliamna Bay.

Limited data have been collected using gill nets and purse seines.

Most of the sea states or currents made the use of these nets difficult.

Pacific herring (Clupea hanengus pallasi) and chinook salmon (0. tshawytscha)

were the most abundant species caught by these gear types.

In general, Smith et al. (RU #284, April 1977) found that halibut

larger than 10 cm in length fed principally on shrimp, crab, and fish.

Sandlance (Ammodytes hexapterus) was the most common food item in halibut

larger than 25 cm in length. However, in Cook Inlet, halibut as large

as 40 cm were feeding principally on shrimp. Additional discussions on
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demersal fish feeding habits have been reviewed in the NEGOA and Bristol

Basin sections of this report.

Feder et al. (RU #28, April 1977) also investigated the feeding re-

lationships of numerous fish species in the Lower Cook Inlet. His data

on cod are the most comprehensive and show that Tanner crab, fish, amphi-

pods, shrimp, in addition to cod, readily consume molluscs. Crustaceans

were the primary food source of cod. Small quantities of coelenterates,

annelids, euphausiids, isopods and echinoderms are also eaten. Feder et al.

also observed a change in prey preference in the larger individuals. Fish,

echinoderms, crabs, shrimp, and molluscs were most common in the larger

fish; whereas, euphausiids and amphipods decreased in occurrence in these

same individuals. Occurrence of isopods and annelids varied little with

fish size.

Feder et al. (RU #281, April 1977) noted that in addition to cod,

Pacific halibut and sculpins (Myoxocephalus) utilize Tanner crab as a

primary food source. Various crangonid and pandalid shrimp are principal

prey species for Pacific tomcod (Microgadus proximus); crangonid shrimp

appear to be the principal prey species in Cook Inlet. Sculpin also con-

sume numerous amphipods.

Additional but less comprehensive feeding data are also listed by

Feder et al. Data on less numerous demersal species is difficult to assess,

and many individuals regurgitate their stomach contents before analysis.

Feder et al. did observe that fish appear most often in the guts of the

miscellaneous fish group.
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Population estimates indicate that the annual average number of

salmon spawners entering Cook Inlet is approximately 4.7 million fish;

peak estimates exceed 11.5 million fish (Stern, RU #483, August 1976).

Sockeye (0. nerka) and pink salmon are most abundant and their respective

contributions to the spawning run are 43 and 34% (54% in even years).

From 1925-72, the average salmon catch has been 3.2 million fish and

in 1975, 3.1 million salmon were caught by commercial fisherman. Pink

and sockeye salmon comprise about 75% of the total Inlet salmon catch,

each species contributing about equal numbers. Within the Inlet 57% (2.7

million fish) of the run moves toward "home" streams along the east shore

from Anchor Point to the Forelands. About 30% of the commercial harvest

occurs in this area.

Annually, the numbers of juvenile salmon entering estuaries from their

natal streams in Cook Inlet is more than 100 million fish (Stern, RU #483,

August 1976). The number that eventually migrate from the Inlet to the

north Pacific Ocean is not known. Adult salmon headed for spawning streams

generally begin entering the Inlet in June. Most of the run passes into

the streams by summer's end; however, some spawners have been observed in

the marine waters in December. The juveniles' outmigration has been dis-

cussed in the Kodiak section of this report. Additional data on salmonids

in the Gulf of Alaska are discussed in the NEGOA, Kodiak and Aleutian

sections of this report.

Wall and Macy (RU #64/354, September 1976) have reviewed the litera-

ture and are evaluating data sources on the abundance and distribution of

non-salmonid pelagic fish in the Gulf of Alaska and Bering Sea (see dis-

cussion in the NEGOA section of this report).
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BIRDS

Barren Islands

The greatest concentration of marine birds in the Lower Cook Inlet

(LCI) region occurs on the Barren Islands in summer. More than 350,000

water-related birds of several species occupy these islands during the

breeding season. More than half of them are tufted puffins, followed in

abundance by common murres and black-legged kittiwakes (Table 11-5-6).

During the summer of 1976, Bartonek et al. (RU #341, Part 7, March 1977)

studied breeding ecology of 12 species of seabirds on the Barren Islands,

with emphasis on tufted and horned puffins, fork-tailed storm petrels,

parakeet auklet and rhinoceros auklet. Their report consists of a set of

individual species accounts, containing considerable "baseline" information

on growth rates, reproductive success, egg dimensions, body measurements,

etc., that could be useful in a long-term monitoring program.

The most critical season on the Barren Islands is April-September,

when breeding seabirds are present. Preliminary observations made during

this study indicate that capelin is the most important forage fish for

large alcids followed by sandlance. Squid, greenling, sandfish and prowfish

are also consumed. Predators on seabirds here include the bald eagle,

river otter, peregrine falcon, raven and glaucous-winged gull. On E. Amituli

Island, 75% of prey items of the river otter were fork-tailed petrels,

but puffins, kittiwakes, gulls and auklets were also taken.

Lower Cook Inlet Proper

Locations of other areas in LCI that are known to be critical habitats

for birds are shown in Fig. 11-5-4. Areas of particular importance (heavy

utilization) are Kachemak Bay and the Chisik Island-Tuxedni Bay area.
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TABLE 11-5-6

Estimated July Bird Populations on the Barren Islands (from Baily, 1976).



TABLE 11-5-6 (continued)



FIG. II-5-4 Known critical areas for birds in Lower Cook Inlet(from Arneson, RU #3, April 1977)
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Kachemak Bay has five known seabird colonies, with a total population of

about 7,000 to 9,000 birds (Table 11-5-7), as well as important aquatic

habitats for seaducks and alcids (Fig. 11-5-5). Fox River flats at the

head of Kachemak Bay are also utilized rather extensively by migrating

waterfowl and shorebirds (Arneson, RU #3, April 1977).

Chisik Island in Tuxedni Bay supports the largest seabird colony in

Cook Inlet proper: an estimated 80,000 birds breed here, including about

45,000 black-legged kittiwakes and 25,000 murres. Most of the remainder

are glaucous-winged gulls, puffins (horned and tufted) and cormorants

(SAI/NOAA 1977).

Kamishak Bay supports a breeding population of several thousand seabirds

(Table 11-5-8). It also is an important wintering area for oldsquaw

(Arneson, cited in SAI/NOAA 1977), and in spring and summer flocks of several

thousand common eiders have been observed there, near Augustine Island

(Arneson, RU #3, April 1977).

Species composition of the Cook Inlet avifauna by season is given in

Table 11-5-9. In winter it is dominated by seaducks and during the rest of

the year by gulls.

MAMMALS

The most abundant species of marine mammals in the LCI region is the

Steller sea lion. More than 5,000 sea lions utilize the rookery on Sugarloaf

Island (Barren Islands), where an estimated 3,500 pups are born annually.

This makes Sugarloaf the second largest rookery in the Gulf of Alaska

(Table 11-5-10). Smaller hauling grounds are located along the Kenai

Peninsula side of Kennedy Entrance (Fig. 11-5-6). Pups born on Sugarloaf

Island were observed as far south as Chirikof Island and as far east as

Kayak Island, more than 300 km from their birth places (Table 11-5-11).
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TABLE II-5-/

Seabird Colonies in Kachemak Bay (Arneson, RU #3, cited in SAI/NOAA 1977)
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FIG. 11-5-5 Concentration areas for
seaducks and murrelets
in Kachemak Bay (from
Arneson, RU #3, cited
in SAI/NOAA 1977).



TABLE II-5-8

The Five Largest Seabird Colonies in Kamishak Bay (Arneson, RU #3, cited in
SAI/NOAA 1977)
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TABLE II-5-9

Species Composition and Abundance of Birds on Littoral Areas and Nearshore Waters During
Four Seasonal Surveys of Lower Cook Inlet (from Arneson, RU #3, April 1977)
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TABLE 11-5-10

Sea Lion Breeding and Pupping Rookeries Found in the Gulf of Alaska, June 1976,
Illustrating the Relative Important of the LCI (Sugarloaf Island) Rookery
(from Calkins and Pitcher, RU #243, April 1977)

TABLE II-5-11

Branded Sea Lions Sighted in the Gulf of Alaska at Hauling Areas Other Than Where
They Were Born, Illustrating Dispersal from Sugarloaf Island, LCI (from Calkins and
Pitcher, RU #243, April 1977)
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FIG. II-5-6 Distribution of marine mammals in Lower Cook Inlet (from information provided
by K. Wohl, BLM; K. Schneider, RU #240; K. Pitcher, RU #243; and D. Calkins,
RU #229). -56
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Other mammals known to reside the year-round in Lower Cook Inlet are

sea otters, harbor seals, and belukha whales. The following brief descrip-

tion (from SAI/NOAA 1977) was provided largely by OCSEAP investigators:

harbor and dall porpoises and killer whales are regularly sighted around

the mouth of Cook Inlet and in Kachemak Bay and probably represent resident

populations. In spring, summer, and fall minke whales visit the mouth of

Cook Inlet and Kachemak Bay and other large, migratory cetaceans and fur

seals occur around the Barren Islands. All but perhaps the minke whale

are of minor importance in Lower Cook Inlet proper. Belukhas and harbor

seals undergo a seasonal density redistribution with Cook Inlet, being

most abundant in summer north of the Cape Ninilchik-Tuxedni Bay region

and most abundant in winter further south (K. Schneider and K. Pitcher,

pers. comm.).

In addition to the marine mammals described above, black bears and

brown (grizzly) bears on the west side of Cook Inlet and land otters,

mainly on Kachemak Bay, forage in inshore and intertidal habitats and thus

are to some extent dependent upon the health of Cook Inlet's aquatic envi-

ronment for their livelihoods.
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MICROBIOLOGY

(See the NEGOA section of this report for introductory comments.)

Direct emuneration of heterotrophs collected in offshore waters

showed little spatial variability and low numerical abundance (Morita and

Griffiths, RU #190-E, April 1977; Atlas, RU #30, April 1977). The number

of organisms in offshore waters ranged from 0.5 x 105 to 11.6 x 105

cells/ml and averaged 1.85 x 105 cells/ml. The offshore distribution

was relatively uniform, except for the high abundance (11.6 x 105 cells/ml)

near the Forelands. Nearshore, however, the numerical abundance averaged

7.12 x 105 cells/ml and the spatial variability of heterotrophs was much

greater. Samples collected from the nearshore waters adjacent to the

Barren Islands contained a mean of 0.7 x 105 cells/ml; counts in the

Kamishak area averaged 10.4 x 105 cells/ml; and 2.9 x 105 cells/ml near-

shore in Kachemak Bay.

Heterotroph numbers in sediment samples did not vary as greatly as

in the water samples. The average number of cells was 4.1 x 10 /g dry

sediment and ranged from 0.4 x 105 to 13.0 x 109 cells/g dry sediment.

The Vmax potential, as in NEGOA, was higher in nearshore waters and
max

sediment than in the offshore waters. Vmax rates were also higher in the

sediment than in any of the water samples. Average Vmax rates were 85 ng

glutamic acid/l/hr (nearshore water), 28 ng glutamic acid/lhr (offshore

water), and 0.71 µg glutamic acid/l/hr, measured from sediment samples

collected in central Kamishak Bay and east of the Homer spit in Kachemak

Bay, respectively. Heterotrophs isolated from water samples collected near

Homer also had high Vmax rates.
max
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Atlas (RU #30, April 1977) reports that in general the areal abundance

of viable heterotrophs increases towards the head of the Inlet. However,

the distribution of total heterotrophs reported by Morita and Griffiths

(RU #190-E, April 1977) does not reflect Atlas' observations. Atlas also

reports that the viable counts were greatest from water samples collected

in Kennedy Entrance and lowest in water and sediment taken from the central

Inlet.

Hydrocarbon degrading heterotrophs were uniformly distributed through-

out the water and sediment. However, the degradation potential was highest

for heterotrophs collected north of Kalgin Island. Atlas also noted that

degradation rates were extremely low in all areas of the Inlet and there

was no correlation between numbers of degraders and degradation rates.

Vibrio spp., which are indicative of potential abundance of human

pathogens, were most abundant in the northern region of Lower Cook Inlet.
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KODIAK SHELF: ENVIRONMENT, BIOTA, AND
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Chapter III-1

INTRODUCTION

The western Gulf of Alaska extends from Middleton Island, south of

Prince William Sound, to the south side of the Kodiak Island archipelago

(Fig. III-1-1). Near Kodiak Island the continental shelf extends some

240 kilometers offshore.

NOAA initiated a research studies program in the western Gulf of

Alaska - Kodiak Shelf region in spring 1976. As was the case for Lower

Cook Inlet, only scattered preliminary results were available for publica-

tion in the FY 1976 Annual Reports Summary (NOAA/SAI 1976). Fiscal year

1977 saw considerable progress, particularly in studies of hazards, trans-

port and marine biotic resources. An OCSEAP-sponsored Synthesis Meeting

was held in March 1977 to assess and integrate available knowledge con-

cerning the proposed Kodiak Shelf lease areas (SAI/NOAA, Kodiak Synthesis

1977).

A draft Environmental Impact Statement (EIS) for proposed lease sales

on the Kodiak Shelf was published by the BLM in April 1977. Lease sales

were scheduled for late 1977 but more recently have been postponed to an

October 1980 date.
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FIG. III-1-1. Kodiak Lease Area



Chapter 111-2

CONTAMINANT BASELINES

INTRODUCTION

Baseline data on the abundance and distribution of petroleum hydro-

carbons, C1 to C4 hydrocarbons, and trace metals are lacking in the pro-

posed lease area. The only data available are those from cruise transects

lying to the northeast and southwest of the proposed lease area.

HYDROCARBON CONTENT AND COMPOSITION

Water samples collected southwest of Kodiak Island on a transect

normal to the Alaska Peninsula contained hydrocarbon concentrations of

less than 1 ppb. Although limited in number (5 samples), the results ob-

tained agree with those collected in other areas of the Gulf of Alaska

(see Lower Cook and NEGOA sections of this report).

Seston collections south of the Chirikof Islands contained 2 mg of

tar. This level of contamination is comparable to other proposed lease

areas in the Alaskan OCS (see the NEGOA section of this report).

The concentration of total hydrocarbons in the sediment ranged from

less than 1 to 26.7 µg/g dry sediment (Kaplan et al., RU #480, April 1977).

These investigators point out that these levels are low in comparison to

other unpolluted coastal sediments. As in the Bering Sea, sediment size

and total hydrocarbon content were closely correlated.

Terrestrial and marine communities are the primary sources of the

hydrocarbons in the sediment. In the western Gulf of Alaska the hydro-

carbon composition is about equally distributed between terrigenous and

marine sources.
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Low Molecular Weight Hydrocarbons (LMWH)

No data are available on the abundance and distribution of LMWH in

this proposed lease area.

HEAVY METALS

Burrell (RU #162/163/288/293/312, April 1977) reports that the concen-

trations of the soluble fraction of heavy metals were less than 0.02 (Cd),

0.039 (Pb), 0.155 (Cu), 0.33 (Zn), 0.006 (Hg), and 1.50 (V) µg/l. These

concentrations are comparable to those measured in the NEGOA lease area

and are considerably less than mean "oceanic" values.

Whereas the water soluble fraction is relatively uniform throughout

the water columns, the particulate heavy metal fraction is concentrated

in the nearshore and near-bottom suspended sediments. These data reflect

the unequal distribution of suspended particulates in the water column.

Data on the heavy metal content of biota are limited. Mytilus con-

tained amounts typical of those reported for the NEGOA region. Concentra-

tions for cadmium, copper, nickel, and zinc were 10.3, 8.0, 3.4, and 106.5

µg/g dry weight. These preliminary results indicate that the Kodiak lease

area is relatively free of heavy metal contamination. The levels are also

as low or lower than those reported for more temperate waters.

Due to the coarse bottom sediments in the western Gulf, Burrell found

it difficult to collect adequate samples. The preliminary results, when

compared with NEGOA and Bering Sea sediment results, indicate that the

heavy metal content is more typical of Bering Sea sediments and commensu-

rate with the mineralogy and size fraction. The metal sorption appears

much lower on the coarser sediments of the western Gulf and Bering Sea

than for the finer-grained sediments in NEGOA. For additional comments on

heavy metal distribution in the Gulf of Alaska, see the Lower Cook Inlet and

NEGOA sections of this report.
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Chapter III-3

HAZARDS

SEISMICITY

A catalog of tsunamis (Cox et al., 1976) and an analysis of earth-

quake intensities and recurrence rates (Meyers et al., 1976b) are avail-

able for the Kodiak Shelf region. Maximum earthquake intensities extra-

polated from available field observations in the area are shown in Fig.

1-3-1. Historical earthquake recurrence rates off Kodiak exhibit consid-

erably higher frequencies than those noted in the adjacent NEGOA and Cook

Inlet regions. For example, recurrence rates with a 75 km radius of 57°N,

153°W indicate an annual average of 20.9 events of magnitude 4.0 or greater,

4.9 events of magnitude 5.0 or greater, and 0.3 events of magnitude 6.0

or greater (see Table 4 of Meyers et al., 1976b).

Historical records are being supplemented with data from Pulpan and

Kienle's (RU #251, April 1977) western Gulf of Alaska seismic network.

Heavy snow loads over the winter of 1975-76 caused failure of two critical

repeater stations in the network. This problem was corrected by relocating

the stations at lower altitudes; since repairs could not be completed

until October 1976, 80% of the first year's data from Kodiak were lost.

Available earthquake hypocenter data for the period February through

December 1976 are plotted in Fig. 111-3-1.

Structure, Faulting and Slumping

Sub-bottom profiling (Hampton and Bouma, RU #327, April 1977) indicates

that most of the Kodiak Shelf is underlain by gently seaward dipping sedi-

mentary sequences. Several apparently active faults have been identified

but confident correlations between seismic tracklines cannot yet be made
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FIG. III-3-1.



and their random orientations suggest local small-scale features. A major

fault zone may exist along the Kodiak coast trending towards Middleton

Island. Several fault traces follow this trend and local movements were

identified following the 1964 Alaska earthquake. Its location in the

turbulent, nearshore zone has thus far precluded adequate evaluation.

The continental shelf off Kodiak Island shows no evidence of the large-

scale slides and slump structures seen in NEGOA. This apparently reflects

the lower input of fine-grained sediments off Kodiak and the absence of

thick sequences of unconsolidated, saturated Holocene sediments. As yet,

no data are available on possible liquifaction hazards in the much coarser-

grained Kodiak Shelf deposits.

Major slumps and slides (200 m thick) have been identified on the

continental slope off South Albatross, Middle Albatross and Portlock Banks

(Fig. 111-3-2). Sub-bottom profiling across the outer bank edges reveals

broad, actively rising anticlines that are expressed as topographic highs.

Off Southern Albatross and Portlock, uplift has already produced a second

shelf break, behind which sediments are accumulating. The major slumps

probably reflect shearing along bedding planes, caused by tectonic-over-

steeping of the continental slope (upper slope 6-9.5°) and seismic shocks.

North Albatross Bank shows no evidence of either active tectonism or major

slumps. Small sediment slides (10-20 m thick) have been noted all along

the Kodiak Shelf break and are probably triggered by seismic shocks. All

of the slumps and slides identified to date lie well seaward and downslope

from any proposed Kodiak Shelf lease areas (Hampton and Bouma, RU #327,

April 1977).
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FIG. III-3-2 Kodiak Shelf: major physiographic features and location of slumps (Boumna and Hampton, RU #327).



Sediment Distribution and Transport

The Kodiak Shelf consists of a sequence of shallow banks separated

by somewhat deeper sea valleys or troughs (Fig. 111-3-2). No substantial

present-day sediment source exists; clay mineral analyses (J. Hein,

RU #327, Appendix III, April 1977) suggest that at least some of the finer

fraction material reaching Kodiak originates from as far away as the Copper

River Delta. Sediment distributions are semi-relict (i.e., reflect re-

working of Pleistocene glacial sediment deposited prior to the last sea

level rise) and directly reflect the interacting effects of bottom topo-

graphy and water transport.

The banks are exposed to wave and current action (particularly during

winter storms) that continually resuspends bottom sediments and winnows

out the finer sands, silts and clays. Consolidated Pleistocene to Holocene

bedrock outcrops occur along the outer edges of the banks. The bank tops

are dominated by coarse sands, gravels and boulders. While some finer

sediments accumulate in local depressions on the banks, most such material

is carried into the deeper, quieter waters of the adjacent troughs. Sub-

bottom profiles confirm the presence of thick wedges of sediment dipping

off the banks into the troughs. The age of these clastic wedges remains

unknown.

Examination of sediment samples across the Kodiak Shelf revealed the

presence of vitric ash from the 1912 Katmai eruption. This ash is highly

vesicular, light and readily redistributed. It is assumed to have been

deposited more or less uniformly over the shelf; thus analysis of the

present ash distribution serves as a good indication of post-depositional

sediment dynamics. Surficial sediment samples from Horsehead Basin and

the Kiliuda, Chiniak and Amatuli Troughs generally yielded much higher
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percentages of ash (90-100%) than samples from the adjacent shallow banks

(30-80%). In every case high ash values from the banks coincided with

local depressions -- typically a few miles wide and only 20-30 m deep.

Samples from Stevenson Trough differed significantly from those in other

troughs in that they yielded only low to moderate concentrations of ash

(10-60%).

These data suggest considerable redistribution of the Katmai ash since

1912. In general, ash has been transported off the banks (or into local

scattered depressions across the banks) and deposited in the troughs --

where it has remained. Should crude oil or other contaminants reach the

seafloor they too could be expected to accumulate in the troughs. The

one exception is Stevenson Trough where the presence of clean sands, lower

ash values and a field of large, seaward-facing sand waves (< 7 m high)

indicate active bottom sediment transport -- possibly reflecting the move-

ment of water across Kodiak Shelf between Cook Inlet and the continental

slope.

It should be kept in mind that geological investigations conducted

aboard R/V Sea Sounder during FY 1977 were of a reconnaissance nature only.

No specific details could be studied due to lack of time and previously

published information. The results outlined above therefore represent

general conclusions and a number of additional data are required to vali-

date them (Hampton and Bouma, RU #327, April 1977).
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Chapter III-4

TRANSPORT

INTRODUCTION

Earlier OCSEAP oceanographic studies in the Gulf of Alaska were either

of a generalized nature (to evaluate mesoscale features) or were concen-

trated in the NEGOA lease area. Systematic studies on the Kodiak Shelf

were initiated in FY 77. So far data from temperature-salinity surveys,

moored current meters, Lagrangian drifters, remote sensing and results

from diagnostic modeling have been reported. Additional data with improved

seasonal coverage are still needed to achieve an understanding of the

physical transport processes over the Kodiak Shelf and in adjoining areas.

GENERAL HYDROGRAPHY

Dynamic topography maps for the Gulf of Alaska shelf and adjacent

ocean waters have been prepared by Royer (RU #289, April 1977). Seasonal

data along the Seward, Cook Inlet, and Wide Bay transects have been ob-

tained periodically since July 1974 although the coverage has not been

uniform over the areas. Most of these data have been reported in previous

OCSEAP reports (NOAA/SAI 1976; SAI/NOAA Kodiak Synthesis 1977). During

the last reporting period (April 1976-March 1977) temperature and salinity

data were obtained from the Western Gulf of Alaska four times and along

a more extensive KISS (Kodiak Island Shelikof Strait) grid three times.

On the basis of these and other data, it has been possible to distinguish

several flow regimes in the Gulf of Alaska (see NEGOA section of this

report). Kodiak Shelf and lease area is a part of the Western Regime,

located west and inshore of Middleton Island and extending southwest of

Kodiak Island. Dynamic topography maps indicate that currents follow
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bathymetric contours, especially along the shelf break. Over the shelf,

currents are irregular and nonsystematic. Possible flow reversals were

noted over the shelf in April 1976 data. These generally weak, baro-

clinic flow reversals may not represent reversals in water direction as

the barotropic effects are not considered.

Temperature and salinity distribution data also indicated unusual

conditions in deep water adjacent to Seward and Cook Inlet transects in

July 1976. A dramatic increase in the baroclinic flow and transport were

noted in the Alaskan Stream off Kodiak. Estimated transport value was

about 13 Sv. (One Sv is equivalent to transport of one million cubic

meters of water per second.)

Satellite imagery has also been used by Royer (RU #289, April 1977)

to define surface features. Infrared images obtained on 7 and 9 February

1975 have shown that a warm water plume extended over the shelf off Kodiak

and along the Aleutian arc. This plume was marked by turbulent eddy

features having horizontal scales on the order of several tens of km.

This division into nearshore high and offshore low surface temperature was

noted over most of the northern Gulf and was also evident from hydrographic

data. Sufficient data were not available to document extension of a warm

water layer past Kodiak Island. The filament off Kodiak Island would

accompany accelerated southwestward baroclinic flows on its seaward side

and increased northeastward flow on its shoreward side, assuming geostrophic

equilibrium exists.

CURRENT METER OBSERVATIONS

Moored current meter data from Station 9 (water depth 300 m) along

the Seward transect have shown a generally southwesterly flow approximately
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along the direction of the shelf break contours at all mooring depths,

except at 273 m where flow was offshelf. A brief reversal in current

direction was noted in July 1976. A longer-lasting reversal in flow

direction, characterized by weak and perturbed currents, was noted during

the initial 80 days of the current meter record, at 26 m and 54 m water

depths, from July 23 to November 1976. A swifter southwestward current,

occasionally exceeding 100 cm/sec, followed this period. The baroclinic

current estimates for Stations 5-9 along the Seward line showed variable

and inconsistent direction and speed and apparent flow reversals (SAI/NOAA

NEGOA Syntheses 1977).

Hayes and Schumacher (RU #138, April 1977) have reported on data

collected at Station WGC-2, near the shelf break off Northern Albatross

Bank. Records from this station showed a consistent longshelf, south-

westerly current. There were no extended flow reversals and little evi-

dence for shorter period "eddy-like" features. The velocity field was

dominated by mean flow. This array was moved about 10 km inshore on the

North Albatross Bank in about 100 m of water. Reported data from this new

location, collected from June 8 to October 18, 1976, showed a mean speed

of 35 cm/sec at 20 m and 20 cm/sec at 80 m. However, net drift was only

3 cm/sec, seven times lower than that observed at the shelf break. Addi-

tionally, records from 80 m mooring indicated flow with an offshelf com-

ponent.

Five additional current meter moorings, K1 to K5, were placed around

Kodiak Island. These moorings were covered in early spring 1977. No

useful data were obtained from K3 and K4 moorings; other data are being

processed.
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From the observations made so far it can be stated that the Alaskan

current is intensified off the Kodiak Shelf, similar to a western boundary

current. Its influence, however, does not extend into the Shelf where

the flow is tidally dominated. The nature of the flow over the Shelf

implies a long residence time of water and hence also of water-borne

contaminants.

LAGRANGIAN DRIFTERS

Data from the release and monitoring of three free-drifting buoys

(#1473, 1540, 1576), deployed east of Kodiak Island in September 1976,

are reported by Hansen (RU #217, April 1977). The buoys operated for only

about a week. The rather limited trajectories of these buoys manifest a

shelf flow regime characterized by perturbations and eddy motions. Trajec-

tories of buoys 1540 and 1576 suggested the presence of a cyclonic eddy

over Portlock Bank and those of buoy 1473 showed a meandering southwest-

ward flow in the Alaskan Stream. Buoy #1540, after being inoperative for

six and one-half weeks, transmitted again for a few days from the southwest

part of Kodiak Island. The path followed by this buoy from Portlock Bank

to southwest Kodiak Island cannot be ascertained.

DIAGNOSTIC MODELING

A diagnostic model developed by Galt (RU #140, April 1977) has been

used to infer circulation patterns around Kodiak Island. The model incor-

porates hydrographic data collected in April-May 1972 (non-OCSEAP) and in

April 1976 (Royer, RU #289, April 1977). The latter data set was obtained

specifically to resolve the complex shelf bathymetry and was the primary

input to the model. Current meter data (from Hayes and Schumacher, RU #138)

and wind data (from Fleet Numerical Weather Center) were very limited. The
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only current mooring position was near the shelf break in 200 m of water

where currents are dominated by the deep-water baroclinic Alaskan Stream.

The mean winds were very small relative to the variations associated with

storm events. The wind record was dominated by the passage of cyclones

when wind direction reversed. Therefore, a series of test winds were

created to be used for initial modeling studies.

Four cases were considered, each with a uniform wind stress along

the southwest-northeast axis (parallel to coastline). The cases were run

from wind stress of 4, 2, 1 and -1 dynes/cm2 toward southwest. Major

features of circulation, as determined by the diagnostic model, include

the following:

1. Along the edge of the shelf, the flow is determined by
a relatively narrow and swift southwesterly flowing
current which represents westward intensification of
the Alaskan Stream.

2. There is a broadening of the Alaskan Stream southwest
of the Trinity Islands. This appears to be associated
with the bathymetry just downstream from Albatross Bank
where a shoal is separated from the main section of the
bank by a deeper channel.

3. It appears that deep channels crossing the shelf have a
significant role in the regional circulation. Under
the influence of winds towards the southwest these deeper
channels tend to have onshore flow. The effect is parti-

cularly pronounced south of Portlock Bank and off
Sitkalidak Island. In both these cases, the cross-shelf
channels lead into deeper regions oriented parallel to
the coastline; the flow can continue as a coastal current.

4. Under the influence of winds toward the northeast, the
flow through these channels is not obvious. A channel
offshore from Sitkalidak Island appears to have a flow
inshore on the southwest side and offshore on the north-
east side.

5. A coastal current is well developed, particularly along

the south side of Kodiak Island, between Dangerous Cape

and Cape Trinity. For the northeast wind stress case
the direction of the coastal flow is seen to reverse,
with strongest flow off Dangerous Cape.
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The sea surface elevations predicted by the model, corresponding to

streamlines of flow under the surface layer, show a significant meander in

the flow southwest of Trinity Islands. The pattern is related to bathy-

metry; flow is toward the north and then appears to recirculate on a

counterclockwise loop continuing on to the southwest. A potential of

current reversal along the coast is also noted.
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Chapter III-5

RECEPTORS

PLANKTON

Systematic OCSEAP plankton studies have not yet been carried out for

the Kodiak lease area. An extensive review and analysis of historic data

on nutrients, phytoplankton and primary productivity for the Gulf of Alaska

and northern North Pacific Ocean showed that data applicable to the Kodiak

Shelf were meager. From oceanographic zone 16 (see Fig. 1-5-1), which

includes the Kodiak lease area, only a few summer values have been reported.

Mean chlorophyll a concentration varied from 1.2 mg/m3 in the upper 10 m

(five observations) to 2.5 mg/m3 in the 10-25 m layer (three observations)

to 0.1 mg/m3 in the 25-50 m layer (three observations). Primary produc-

tivity values were available only for three observations in the 0-10 m

layer during summer; estimates ranged from 0.9 to 3.4 mgC/m3/hr with an

average of 2.2 mgC/m /hr. No data were available from taxonomic analysis

of the ship-of-opportunity samples (Anderson and Lam, RU #58, Final Report

1977).

Larrance (RU #425b, Final Report 1977) has described plankton and

primary productivity in the Lower Cook Inlet, Prince William Sound and

the northern Gulf of Alaska. Four of his sampling locations were in the

vicinity of Kodiak Shelf: Stations 1 and 9 near the mouth of Cook Inlet,

Station 10 northeast of Afognak Island and Station 11 about 200 miles east

of Afognak Island in deep water. Stations 1 and 9 showed a similar pattern

of increase in chlorophyll concentration from April to August 1976, with

highest value in early July. At Station 10, maximum concentration was

noted in early May, possibly reflecting a typical shelf bloom of phytoplankton.
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Chlorophyll concentration at Station 11 remained moderately low, between

0.5 and 1.5 mg/m3, in the upper 50 m during the sampling period, a situa-

tion characteristic of deep oceanic waters, as exemplified from Station

PAPA (Anderson and Lam, RU #58, Final Report 1977). Reported data on

primary productivity for these stations are too few to infer spatial or

seasonal variability. Primary productivity values exceeding 1 gC/m 2/day

were observed at Station 1 in early May, at Station 9 in late August, at

Station 10 in mid-July, and at Station 11 in mid-July and late August.

Primary productivity did not appear to be limited by nutrient availability.

The limited amount of phytoplankton taxonomic data for these stations

showed that unidentified microflagellates and the diatoms Thalassiosira

spp. and Chaetoceros spp. were usually the numerically dominant forms.

Damkaer (RU #425a, April 1977) shqwed that at Station 11, settled

volume of zooplankton varied from about 1 to 10 ml/m3 in the upper 25 m

with high values occurring in late May and mid-July. For the entire water

column at this station (1400 m deep) zooplankton volume estimates varied

from 750 ml/m2 in early April to 1260 ml/m2 in mid-July.
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BENTHOS

Littoral Biota

Zimmerman et al. (RU #78/79, December 1976) have now provided aerial

photographic coverage of the entire Kodiak coast, permitting quantifica-

tion of major substrate types. Detailed species lists and abundance data

for several sites around Kodiak (Fig. III-5-1) are also available (RU #78/

79, December 1976) and a generalized vertical zonation scheme for the rocky

intertidal has been formulated (Table 111-5-1). Kaiser and Konigsberg

have collected complementary data on Kodiak's sandy beach infauna, during

razor clam assessment studies (RU #24, December 1976, April 1977).

Precipitous, wave-swept shores dominate Kodiak and its adjacent islands.

Outcrops of exposed bedrock, boulder beaches and coarse gravels make up

almost 92% of their combined coastline (some 3945 km, 2,450 miles). Sandy

beaches are rare on Kodiak (3.6% of coastline) but more common in the

Trinity Islands and on Chirikof (67 and 44%, respectively). Tidal ampli-

tudes are generally greater on the northern islands (Barren Islands, 4.2 m)

and diminish southward (Sitkinak Lagoon, 23 m).

In northern Kodiak the littoral zone is generally quite narrow and

steep. It broadens further south so that extensive areas may be exposed

at low tide. Extensive beds of eelgrass (Phyllospadix sp.) occur in these

areas -- off Cape Sitkinak and the Geese Islands, for example. Floating

kelps and benthic algal floras are also richly developed off southern

Kodiak; their contribution of detritus may help explain the abundance of

commercial shellfish such as the king crab, which feeds upon detritivores

and, to a lesser extent, upon detritus.
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FIG. III-5-1. Kodiak Island group showing location of littoral sampling sites
(Zimmmerman et al., RU #78/79, April 1977).
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TABLE III-5-1

Generalized zonation scheme for Kodiak rocky intertidal habitats

(Zimmerman et al., RU #78/79, December 1976).
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Despite considerable variability among the rocky shore biotas sampled

from different sites around Kodiak, similarities among vertical zonation

patterns of numerically dominant species provide a framework for intersite

comparisons. Zimmerman et al. found the Stephensons' zonation scheme

(Stephenson and Stephenson, 1972) most appropriate for Kodiak. This recog-

nizes three zones: (1) the supralittoral or splash zone which is seldom

if ever covered by tides, (2) the littoral zone or true intertidal, that

is regularly exposed and submerged with each tide, and (3) the infralittoral

or upper sublittoral zone which is exposed only by unusually low tides.

The vertical distribution of dominant organisms among these .three zones

is summarized in Table 111-5-1. Several of these forms are illustrated in

Fig. 111-5-2.

Primary Productivity of Subtidal Brown Algae

Zimmerman et al. (RU #78/79, December 1976, April 1977) have also

provided important new insights into subtidal brown algae production around

Kodiak. The major growth of macrophytes at Kodiak occurs in the band from

approximately the ten fathom curve to mean high water of the intertidal zone.

This band varies from about 1/4 mile to 6 miles in width.

The average standing crop of subtidal brown algae is similar to the

highest values reported from other areas. The greatest previously reported

weight for an individual quadrat was 46 kg/m2 for Laminaria longicruris,

in Nova Scotia. The greatest quadrat weight from Kodiak samples was 35

2
kg/m2, of which 99% was Laminaria dentigera.

Estimated standing crop data of intertidal and subtidal seaweeds in

Nova Scotia equal 1480.5 kg wet weight (almost 1.5 metric tons) per running

meter of shoreline; it appears that the Kodiak value could exceed the
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FIG. III-5-2. Kodiak rocky const, characteristic species of: (1) the upper and middle
intertidal zones. \. Fu7us, distichus B. Littorina sitkana C. O(ionthazia
f'occosa I). Ba,,, c .; glandula; (2) the middle intertidal zone, 1. :' lius

edulis i. Nucella lima C. Pterosiphonia bipinnata; (3) the lower inter-
tidal and upper infralittoral zones, A. Alaria sp. B. Balanus cariosus
C. Halichondria panicea D. Henrecia leviscula; (4) the upper infralittoral
zone, A. Laminaria sp. B. Lithothamnion sp. C. Bossiella sp. D.Acmaea
mitra.
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figure for Nova Scotia. Zimmerman et al. note that not only are values

for individual quadrats of Laminaria similar, but Kodiak also has exten-

sive beds of the floating kelps, Alaria fistulosa and the bull kelp,

Nereocystis luetkeana which do not occur in Nova Scotia. These beds are

so thick that small boats have trouble pushing through them. Two indivi-

duals of the bull kelp weighed about 90 pounds each, or more than three

times as much as individual plants in the Washington and British Columbia

area. In short, combining the high density of the seaweeds and the wide

area over which they occur, the primary productivity contributed by the

seaweeds probably makes the Kodiak area one of the most productive in the

world.

It is also interesting to note that the areas of highest intertidal

macrophyte cover appear to correspond to areas that are highly productive

shellfish regions. During the recent Kodiak Synthesis Meeting (March 1977)

it was pointed out (P. Jackson, ADF&G, Kodiak) that the two most productive

shellfish areas are the "horsehead" area east of the Trinity and Geese

Islands, and the Marmot Bay area in the northeastern region. Using aerial

observations on biological cover, Zimmerman et al. determined which areas

had been classified as having "heavy" cover on more than half of the rocky

coastline. Heavy coverage is found in the Trinity Islands-Geese Islands

area, the area south of Kupreanof Strait, and the northeastern side of the

Island mass, which includes Marmot Bay.

Zimmerman et al. also calculated the ratio between the number of kelp

bed sightings and the miles of coastline for each plate in the Kodiak atlas

series (Zimmerman et al., RU #78/79, December 1976). These data indicate

the greatest number of kelp beds are on the southeastern section of the
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isldnd. This part of the island has a generally wider shelf than the

northern section which is quite vertical. Thus, the greater number of kelp

beds in the southern portion may reflect the greater area of the wider

shelf for attachment of the macrophytes.

Sandy Beach Fauna

Kaiser and Konigsberg, (RU #24, December 1976, April 1977) sampled

intertidal sandy beach invertebrates at twelve sites on Kodiak Island and

the adjacent Alaskan Peninsula during Pacific razor clam (Siliqua patula)

assessment studies. The total fauna collected is listed in Table III-5-2;

vertical distribution of key species is shown in Fig. 111-5-3. Table III-

5-3 summarizes habitat use by selected clams.

Kaiser found razor clams to occur over a broad tidal range: -1.2

through +1.5 m (-4 to +5 feet); beach sands of fine to medium grain-size

(0.125-0.25 mm) provided the most favorable substrate. Due to habitat

subsidence caused by the 1964 Alaskan earthquake, razor clams along Kodiak's

eastern shore are predominantly subtidal. Major intertidal populations

occur along Kodiak's western shore and the Alaskan Peninsula.

Benthic Fauna

Feder (RU #281, April 1977) extended his group's studies of NEGOA

benthos into the Kodiak Shelf region. Some 16 widely dispersed sampling

stations were established in two transects across the northern and southern

portions of the Kodiak Shelf (see Fig. IV-5-1). Sand, gravel and rock

substrates made sampling difficult, the samples that were collected have

been archived pending future needs.
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TABLE III-5-2

Intertidal Sandy Beach Faunas: Taxonomic Composition of Twelve Samples
From Kodiak Island and Adjacent Alaskan Peninsula (Kaiser, RU #24)

TABLE III-5-3

Use of Intertidal Sandy Beach Habitats by Selected Clams,
Kodiak Island and Adjacent Alaska Peninsula (Kaiser, RU #24)
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FIG. III-5-3. Vertical distribution of abundant sandy beach invertebrates
sampled at twelve sites on Kodiak Island and adjacent Alaskan
Peninsula. (B = Bivalve; P = Polychaete worm; adopted from
Kaiser and Konigsberg, RU #24, December 1976).



Little is known about the biology of the non-commercially important

invertebrate components of the shallow, nearshore benthos of bays of

Kodiak Island, yet these components may be the ones most significantly

affected by offshore petroleum operations. To fill this gap Feder et al.

(RU #517, April 1977) collected information on the composition, distribu-

tion, and biology of the epifaunal invertebrate components of two bays

of Kodiak Island.

Fifty-three permanent stations have been established -- 28 stations

in Alitak Bay and 25 stations in Ugak Bay. These stations were occupied

with a 400-mesh Eastern otter trawl on three separate cruises in June,

July and August of 1976. Taxonomic analysis of the epifauna collected

has delineated 10 phyla, 20 classes, 54 families, 68 genera, and 89 species.

The Arthropoda (Crustacea) dominated species composition and biomass.

Porifera, Cnidaria, and Mollusca, were also important, but accounted for

only 1.1% of the biomass collected.

Differences in sex composition and stage of maturity of king and

tanner crabs between and within the two bays were noted. King crab oc-

curred mainly at the outer stations of Alitak Bay and consisted mostly

of eggbearing females and juveniles. The crab were well dispersed through-

out Ugak Bay, and consisted mainly of juveniles. Snow crab in Alitak Bay

were primarily juveniles; snow crab in Ugak Bay were primarily adult males.

Life history data for these crabs for the summer months is now available.

Food data for king and Tanner crabs for the two bays is available,

and these data in conjunction with similar data from Cook Inlet and the

Bering Sea should contribute to a fuller understanding of the trophic role
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of these crustaceans in their respective ecosystems. Additional food data

for three species of demersal flatfishes, as well as an assessment of the

literature, have made it possible to develop a preliminary food web for

Alitak and Ugak Bays and inshore waters around Kodiak Island. Comprehen-

sion of basic food interrelationships is essential for assessment of the

potential impact of oil on the crab-dominated benthic systems of the near-

shore waters of Kodiak.

Commercial Shellfish Resources

The 1976-77 commercial shellfish harvest from the Kodiak Shelf repre-

sented one-third of the total Alaska shellfish catch and as such is a

major economic factor in the region. The Alaska Department of Fish and

Game (ADF&G) has recently (1976) summarized life history data and commercial

catch statistics and a major resource survey has been completed by the

Northwest Fisheries Service (Pereyra and Ronholt, RU #174, April 1977).

King crab are common throughout the Kodiak area to depths of about

400 m. Mating migrations to shallow water begin around Kodiak in December

and continue into the spring months. Peak of mating is in April and May;

eggs are incubated until the following mating season. Following mating

king crab move back into deeper water, reaching 100-150 m depths by July.

Spawning and rearing areas are widely distributed. Inshore areas are most

critical but offshore regions such as Marmot Flats, Portlock Bank, and

Albatross Banks are also important. The shallows between Chirikof and

the Trinity Islands are particularly vital for both spawning and rearing

of king crab (ADF&G, 1976).
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Initiated around 1936, Kodiak's king crab fishery peaked in 1966

(90.5 million pounds), then declined through 1970 due to overfishing

(Fig. 111-5-4). Tagging studies have identified six distinct king crab

stocks around Kodiak (Fig. III-5-4); annual migrations of 60 to 70 miles

are common, yet there is little interaction between crabs from different

stocks. Refinement of management strategies (harvest of males only, size

limits, mating season closure, and individual stock catch limits) based

on tag recovery data, have resulted in steady stock recovery and increased

harvests since 1971 (Fig. III-5-4; ADF&G, 1976).

Tanner crab inhabit the entire Kodiak area to depths greater than

400 m. They occur in greatest numbers below 150 m and exhibit a preference

for mud bottoms. Migration behavior is much less marked than in the king

crab; to date no distinct stocks have been recognized. Molting, egg depo-

sition, and hatching extend from January through July with April and May

the most critical months (ADF&G, 1976).

Kodiak's Tanner crab fishery started in 1967 and expanded substan-

tially in 1973. With the annual harvest guideline set at 25 million pounds,

this resource presently exceeds Kodiak's king crab catch (Fig. 111-5-4).

Major fishing efforts are concentrated along bottom drop-off areas, such

as Chiniak Trough and Horsehead Basin.

Dungeness crab occur in shallow waters (< 100 m) on sandy substrates.

Life history data for Kodiak populations are incomplete. Mating occurs

July through September and peak egg hatch is in April and May. The newly

hatched larvae remain planktonic for up to three months. The commercial

fishery is relatively small (750,000 pounds in 1974), is restricted to
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FIG. 111-5-4. King crab commercial harvest (in millions of pounds), by stock,
1961-75. Total tanner crab harvest (all districts), 1967-75
shown for comparison (adopted from ADF&G 1976).



males, and is presently declining. Prime fishing areas presently include

Kodiak's westward bays and south of the Trinity Islands (ADF&G, 1976).

Shrimp are widespread around Kodiak and support a major, multispecies

fishery. Mating takes place in September, the females incubating the eggs

until they hatch in March and April. Critical spawning and rearing areas

include bays, particularly along the eastern shore, and offshore gullies

such as the Kiliuda Trough and Horsehead Basin.

Kodiak's shrimp fishery started in 1959, peaked in 1971 (83 million

pounds) and has since declined due to the imposition of more conservative

management procedures. Principal catch areas have varied since 1959 but

presently include Kiluida Bay, Twoheaded Island (Horsehead Basin), and

Marmot Bay.

The Kodiak Shelf also supports commercial fisheries for weathervane

scallops (mostly along the east side, north to Portlock Bank) and razor

clams.

Pereyra and Shippen (RU #174) have delineated areas of importance to

the commercial fisheries of both the United States and Japan in the vicinity

of Kodiak Island.
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FISH

Blackburn (RU #486, April 1977) notes that the knowledge of fish in

the Kodiak area is generally limited to distribution of commercial species.

He points out that several trawl surveys have been completed on the shelf

but no comprehensive work has been done on demersal fish within the bays

of Kodiak Island. His efforts will be confined to the trawl catches within

Ugak and Alitak Bays; Harris and Hart (RU #485, September and December 1976)

assess the nearshore fish, both demersal and pelagic; and Pereyra and

Ronholt (RU #174, September 1976) discuss the status of the demersal fishing

resource on the shelf and upper slope.

Blackburn (RU #486, April 1977) reports that finfish catches in both

bays consisted mostly of flatfish, sculpin, and codfish. Yellowfin sole

(Limanda aspera), great sculpin (Myoxocephalus polyacanthocephalus), flat-

head sole (Hippoglossoides elassodon), yellow Irish lord (Hemilepidotus

jordani), Pacific cod (Gadus macrocephalus), Pacific halibut (Hippoglossus

stenolepis), and walleye pollock (Theragra chalcogramma) were the dominant

species. Blackburn's comprehensive, although preliminary, listing of all

species captured during his survey, includes 16 families and 55 species.

He (loc. cit.) indicates that there are several differences in catch fre-

quency between the two bays. In Ugak Bay, the mean catches were markedly

higher than in Alitak Bay and catch rates for yellowfin, flathead, rock

(Lepidopsetta bileneata), and butter (Isopetta isolepis) soles and Irish

lord were also higher. However, in Alitak Bay catch rates for walleye

pollock, great sculpin, and starry founder (Platichthys stellatus) were

greater than those taken in Ugak Bay. He also found that Pacific cod,

Irish lord and flathead sole were most abundant during June and July in

III-34



Ugak Bay; starry flounder were most abundant in September and similar catch

rates (~ 5 kg/20 min tow) occurred in both bays. Most abundant catches

occurred near the mouths of the two bays.

Blackburn also describes the distribution and abundance for the most

abundant species within each bay. Yellowfin sole were the most abundant

fish species and they occurred in 94% of the sample hauls. In Ugak Bay,

this species was most abundant in mid-bay between Saltery Cove and Eagle

Harbor and on the north side near the mouth. In Alitak Bay, sole were

most abundant in the shallows which lie near the mouth of the bay, southeast

of Tanner Head and west of Hawk Point. The average size of yellowfin sole

increased with water depth and toward the mouth of the bays.

Flathead sole were second in flatfish abundance; however, this was

the most frequently occurring species, being collected in 98% of the trawls.

Catches were generally greater in Ugak Bay and abundance was highest near

the mouth.

Pacific halibut (flounder) were next in abundance and were caught

in 68% of the trawls. Catch rates were similar for both bays with the

highest weights taken near the mouth of the bays.

Rock sole, fourth in abundance, occurred in 59% of the hauls. Catch

rates were slightly higher in Alitak Bay and highest near the mouths of

both bays.

Starry flounder, next in abundance, only occurred in 33% of the samples.

The abundance of this species was slightly greater in Alitak Bay, with the

largest catches occurring near the mouths of both bays.

Arrowtooth flounder (Atheresthes stomias) followed by butter sole,

were next in abundance, occurring in 55 and 27% of the hauls, respectively.
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Both species were most abundant in Ugak Bay. The distribution of the

flounder did not show any specific pattern; whereas, butter sole was

caught in greater abundance near the mouths of the respective bays.

Pacific cod, the most abundant codfish, occurred in only 28% of the

samples. Catch rates were highest in Ugak Bay, with the greatest abundance

in the mouth areas and no cod were caught in the head of the bays.

Walleye pollock, only second in abundance of codfish, were more

widely distributed than Pacific cod and occurred in 70% of the trawls.

Catch rates were greater in Alitak Bay than in Ugak Bay. Pollock distri-

bution was fairly uniform in Ugak; however, catches were greatest in the

outer half of Alitak Bay. Pacific tomcod (Microgadus proximus) occurred

infrequently (19%) in both bays, and only in the outer portions of each

bay.

Great sculpin, the most abundant sculpin, was caught in 93% of the

trawls. Catch rates were similar in each bay, with uniform and distribu-

tion. Yellow Irish lord, second in sculpin abundance, was collected in 80%

of the hauls. This species was most abundant in Ugak Bay; however, catches

were greatest near the mouths of both bays. The Gymnocanthus sp. genus

accounted for the next major accumulation of sculpins. Although the group

was collected in 55% of the hauls, 94% of the trawls in Ugak Bay contained

species of this genus.

Capelin (Mallotus villosus) and eulachon (Thaleichthys pacificus)

generally not considered demersal species, occurred in 65 and 28% of the

hauls, respectively. Both species were most abundant in Ugak Bay.
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Although the data are limited, the sampling cruise Blackburn (RU #486,

April 1977) conducted should enhance the state of knowledge on the seasonal

distribution of demersal species within selected bays of Kodiak Island.

In a continuing effort to define the abundance and distribution of

nearshore fish, Harris and Hart (RU #485, September and December 1976)

conducted sampling cruises in Ugak, Kaiugnak, and Alitak Bays from July 15

to August 5 and again from August 26 to September 16. Their preliminary

findings indicate that Pacific sandfish (Trichodon trichodon) and capelin

are overwhelmingly the dominant midwater and surface species. Sandfish

were most abundant in Ugak and Kaiugnak Bays; whereas, capelin were most

abundant in Alitak Bay. Fourteen other species were caught regularly in

pelagic tows and trawls.

The general distribution shows that in Ugak Bay capelin were most

abundant in the midwater zone of the mid-bay region, while sandfish were

most abundant in midwater depths of the outer sector. In the surface

layers, capelin were most abundant in the eastern part of the inner bay

region. In Kaiugnak Bay capelin were found mostly in the outer half in

both surface and midwater strata. Sandfish were most abundant at the

surface in the inner bay; however, the greatest catches at mid-depths

occurred in the outer region. Capelin were most abundant in the midwater

and surface layers in the inner regions of Alitak Bay, specifically in

the Deadman and Hepburn areas.

In the intertidal zones of all three bays, the Pacific sandlance

(Ammodytes hexapterus) was by far the most abundant fish species; however,

the distribution in each bay is limited and suggests patchiness. Juvenile

masked (Hexagrammos octograrmus) and whitespotted (H. stelleri) greenlings,
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Gymnocanthus sp. and silverspotted (Blepsias cirrhosus) sculpins, snake

prickleback (Lumpenus sagitta) and sturgeon poacher (Agonus acipenserinus)

were most common. However, on a numerical basis sandlance were most abun-

dant, except this species was only collected in one sample in Alitak Bay.

Several other species of interest were also taken incidentally.

In the kelp beds and rocky shore areas of Ugak and Kauignak Bays,

the most abundant species caught was the rock greenling. Masked and

whitespotted greenlings were also common. In Alitak Bay, the masked

greenling dominated by three times the abundance of the other greenlings.

Pereyra and Ronholt (RU #174, September 1976) have compiled and illus-

trated, in detail, the distribution and abundance of 16 demersal finfish

species. Cursory evidence is also presented on an additional 19 species.

Data used in assessing the status of the demersal fish resources originated

from domestic and foreign commercial fishing catch statistics and then

from trawl surveys conducted in 1961 by the Bureau of Commercial Fisheries

and the International Pacific Halibut Commission and in 1975 by the

National Marine Fisheries Service. Because of the comprehensive and de-

tailed nature of the report, only the specific highlights relating to the

status of the demersal fish resources will be summarized.

Overall the results of the two studies indicate a general decrease

in catch rates from 1961 to 1975. Specific points of comparison between

the two surveys include:

1. A 16% decrease in flatfish catch during the 14 year in-
terval; the catch per unit effort (CPUE) increased
in Kodiak statistical area about 2 to 1 but decreased
by 3 to 1 and 2 to 1 in the Chirikof Island and Shelikof
Straits regions.
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2. Arrowtooth flounder was the dominant flatfish during both
surveys; the CPUE was similar to the overall flatfish
catch rate, except in the Shelikof Straits District where
it decreased about five fold.

3. A small decrease in the Pacific halibut CPUE occurred on
the Kodiak Shelf but four fold changes were observed in
the Chirikof (decrease) and Shelikof (increase) areas.

4. From 1961-75, the roundfish CPUE increased three fold on
the Kodiak Shelf; however, only small changes were noted
in the Chirikof and Shelikof regions during the same
period.

5. Pollock, the dominant roundfish species, contributed 45%
of the total finfish catch in 1975 and the CPUE increased
36 fold on the Kodiak Shelf, eight fold around Chirikof
Island, and nine fold in the Shelikof Straits. The most
substantial increase occurred on the Kodiak upper slope,
485 fold.

6. Pacific cod, the most abundant roundfish in 1961, decreased
to second most abundant in 1975; however, the CPUE generally
increased during the 14 year interval.

7. The CPUE of rockfish decreased significantly in most areas
sampled, except for a nine fold increase on the Kodiak
upper slope.

8. The catch rate of Pacific Ocean perch (Sebastes alutus), the
most abundant rockfish, decreased similarly but increased
only five fold on the Kodiak upper slope.

9. Elasmobranchs (sharks and skates) were the least abundant
group of fish caught during both sampling efforts.

The 48 year (1925-75) mean salmon spawning run size has been estimated

at 11.6 million fish, with a peak of 28.9 million fish (Stern, RU #483,

September 1976). Pink salmon (Oncorhynchus gorbuscha) make up about 80%

of the total spawning migration. The number of juveniles leaving the

Kodiak region has been estimated at 330.7 million fish, with a peak abun-

dance of 809.2 million fish. Specifics on the abundance and distribution

of steelhead trout (Salmo gairdneri) and Dolly Varden (Salvelinus malma)
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are unknown. However, sport catch statistics indicate reasonable numbers

in accessible regions and the recreational importance of the species.

Juvenile salmonids migrate from their parent stream from early April

through late October. Pink and chum salmon fry usually spend several

months in coastal estuaries before going to sea. Sockeye (0. nerka),

coho (0. kisutch), chinook (0. tshawytscha), steelhead, and Dolly Varden

are much larger when they leave their parent streams and may proceed off-

shore immediately. Dolly Varden smolts remain in the coastal region.

In his review, Stern (RU #483, September 1976) notes that the primary

juvenile salmonid outmigration route is around the periphery of the northern

Gulf of Alaska, rarely extending over 37 km from shore, then southward

past Kodiak Island. The salmonid migration over the Kodiak Shelf includes

not only locally spawned fish but also some spawned in streams as far south

as Oregon. Migration in the Kodiak area continues into October and November.

Data summarized by Stern (RU #483, September 1976) indicate that coho

salmon are the first to migrate offshore, showing up in purse seine catches

in May and June. Chum (0. keta), sockeye, coho, and steelhead were caught

over the shelf and offshore in July. Purse seine catches over the shelf

included all anadromous salmonid species in August; however, only coho,

chinook and steelhead were taken at the open ocean sampling stations.

Sockeye occurred in offshore purse seine catches in the September-October

sampling period.

Immature sockeye were present on the Kodiak Shelf in January. It

is unlikely that these fish are ready to approach spawning streams; however,

it is apparent that they feed in the area and are joined later by adult

spawners. In April, chum spawners were caught on the shelf and by June
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spawners of all salmon species were present in shelf waters. Peak spawner

abundance occurs in July and as the fish move into natal streams, the

abundance decreases to minimal levels in September.

A third salmonid migration occurs on the Kodiak Shelf annually.

This involves the feeding migration of immatures which will not spawn

that year but have been at sea at least one winter. Immature salmonids

are abundant in coastal areas throughout the summer and move southwestward

during the fall.

The general migratory pattern for salmonid spawners is from the north-

east and much "to" and "fro" searching may occur before adults enter the

spawning stream. The exact migratory pathway varies from year to year but

the arrival time is nearly the same each year.

Commercial Fisheries

Except for halibut and salmon, commercial exploitation of the fisheries

resource is conducted mainly by foreign nationals. Most of the foreign

catch is taken by the Soviet Union and Japan, other nations participating

include South Korea, Poland, and Taiwan (Pereyra and Ronholt, RU #174,

September 1976). The Japanese target their efforts on three species:

Pacific Ocean perch, walleye pollock, and sablefish (Pereyra and Shippen,

RU #174, September 1976). These species comprise approximately 90% of the

catch. The incidental catch is composed of arrowtooth flounder, other

flatfish, other rockfish, Pacific cod, and other fish.

The fisheries data, 1964-74, show that the total Japanese groundfish

catch from the area was 327,398 mt, 92% of which was caught using various

trawl gear. The remaining eight percent of the Japanese catch was taken
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using longlines (Pereyra and Shippen, RU #174, September 1976). Sablefish,

Anoplopoma fimbria, comprised 98% of the total longline catch.

Pacific Ocean perch was the principal target species of the Japanese

fishery, comprising 65% of the total trawl catch and 60% of the total ground-

fish catch. Walleye pollock were the second most common species caught

by trawling and make up 17% of the catch.

Pereyra and Shippen (RU #174, September 1976) analyzed Japanese catch

statistics on a 1/2° latitude by 1° longitude grid system. From this, it

can be seen that the most productive fishing areas are in those statistical

areas which overlay the outer continental shelf and upper slope. From

1964 to 1974, the largest catches were made along the upper slope regions

east and south of the Trinity Islands, east of the Chirikof Islands, and

northeast of Portlock Bank.

Data on Soviet fishing efforts are limited. Recent figures (1974)

indicate that walleye pollock made up 39% of their total fish catch (Pereyra

and Ronholt, RU #174, September 1976). Other species caught include Atka

mackerel (24%), Pacific Ocean perch (10%) and Pacific cod (5%).

Canadian and U.S. nationals share in the commercial catch of Pacific

halibut throughout the Gulf of Alaska. The International Pacific Halibut

Commission has regulatory powers over the fishery and maintains statistical

data on halibut catches. This organization lumps the Gulf catch into

statistical areas 3A; however, they do differentiate the catch volume

around Chirikof Island. The total halibut catch from 1969-74 in the Gulf

was approximately 83,000 metric tons, of which 25,219 mt were caught near

Chirikof (Pereyra and Ronholt, RU #174, September 1976). The Chirikof

area was the single greatest producing area during the six year period.
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However, in this same period the catch from Chirikof decreased eight fold

but less than three fold throughout the rest of the statistical area 3A.

Salmon are the principal commercial species caught by local fishermen.

A few, particularly sockeye, chum, and chinook salmon and steelhead trout,

are caught by the Japanese mothership fishery. The average annual salmon

catch (1925-72) for the Kodiak region is 8.1 million fish, 79% of which

are pink salmon (Stern, RU #483, September 1976). Chum and sockeye salmon

make up 8 and 12% of the salmon catch, respectively. Little effort is put

toward catching coho, because the run occurs late in the year, nor for

chinook, due to the low abundance.

Salmon catches are made throughout the Kodiak District but the most

abundant stocks are located in the southeast and southwest areas of the

Island (Stern, RU #483, September 1976). Seventy percent of the sockeye

catch is from the west side of Kodiak Island; however, catches of chum

salmon are greatest on the east side.

Wall and Macy (RU #64/354, September 1976) have reviewed the litera-

ture and are evaluating data sources on the abundance and distribution of

non-salmonid pelagic fish in the Gulf of Alaska and Bering Sea (see

discussion in the NEGOA section of this report).
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BIRDS

Introduction

OCSEAP investigators studying marine birds in the Kodiak region de-

scribed seabirds and their parasites on Ugaiushak Island (Bartonek et al.,

RU #341/342, Parts 4-5, April 1977), conducted coastal aerial censuses of

seabirds around Kodiak, Afognak and the Trinity Islands (Arneson, RU #3,

April 1977) and surveyed distribution and abundance of birds on pelagic

waters of Kodiak Basin* and Shelikof Strait (Bartonek et al., RU #337,

April 1977).

Seabirds and Their Parasites on Ugaiushak Island

Bartonek et al. (RU #341/342, Part 4, April 1977) produced a checklist

of birds observed on or near Ugaiushak Island from 26 May to 30 August 1976.

Quantitative data on temporal abundance of birds during the study period

were obtained and are tabulated in the annual report. Time constraints

precluded analyses of these data before the annual report due date.

Bartonek et al. (RU #341/342, Part 5, April 1977) also analyzed

endoparasites from 138 seabirds of nine species that were collected around

Ugaiushak Island. Helminths were the predominant parasite taxon. Of the

nine bird species collected, the glaucous-winged gull was the most heavily

parasitized, followed in order of decreasing parasite loads by the horned

puffin, thick-billed murre, black-legged kittiwake, tufted puffin and

common murre (Table 111-5-4). The authors suggest that interspecific

differences in parasite loads may be due to divergent feeding strategies

among "ecologically similar" species.

*Kodiak Basin, as defined by Bartonek et al., RU #337, extends between

54-58°N, and 147-158°W. It includes all of Kodiak Shelf -- but not Shelikof

Strait -- and extends approximately 100 miles offshore.
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TABLE 3-5-4

Endoparasite Loads of Seabirds Collected Around Ugaivshak Island (from
Bartonek et al., RU #341/342, Part 5, April 1977)

III-45



Coastal Bird Habitats

Arneson (RU #3, April 1977) determined in coastal aerial surveys that

very little habitat in the Kodiak archipelago is suitable as staging areas

for migratory geese, dabbling ducks and shorebirds. Although lagoons at

the south end of Kodiak and on the Trinity Islands appear to be appropriate

for staging, they have not been surveyed during migration.

Arneson's (loc. cit.) winter surveys demonstrated that bays in the

archipelago, which are relatively ice-free, are wintering grounds for

several species, particularly diving and seaducks. Uyak Bay is designated

a winter concentration area because of the large numbers of murres, crested

auklets and seaducks that have been observed there in past winters. ADF&G

surveys last winter found concentrations of murres in Kiliuda and Ugak Bays

but it is not known whether they occur annually.

Densest concentrations of birds on the water were observed in Whale

Passage, where 215 birds/km , mostly seaducks, were found last winter.

Whale Passage may have the highest densities of birds on the water at all

seasons, with summer composition consisting of species breeding in adjacent

colonies as well as non-breeding summer residents.

Seasonal Densities of Birds on Offshore Waters of Kodiak Basin and Shelikof
Strait

Bartonek et al. (RU #337, Part I, April 1977) sampled pelagic bird

densities on Kodiak Basin during every month except December and in Shelikof

Strait during May-July and October-November. The most abundant birds on

Kodiak Basin in summer were shearwaters, which in May and June attained

2
densities greater than 100 birds/km2. Murres and pigeon guillemots were
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the most abundant species in winter, the murres attaining densities of 30-

2 2
100/km2 and the guillemots 10-30/km2. Fulmars also were fairly common and

abundant, being present the year round in densities of 1-30/km2 (Table III-

5-5). Mean monthly density of all species on Kodiak Basin combined appears

to be high throughout the year. The lowest density recorded was 9/km2 in

2
March, with all other months sampled exceeding 20/km2. Highest mean

densities were in May (589/km2) and June (208/km2).

Data from Shelikof Strait are sketchier. Shearwaters were very abun-

dant (> 100/km2) in May and present in lower densities at least until

November. Average density of all species combined peaked in May (418/km2

mainly shearwaters) and reached a low, for the months sampled, of 3/km 2

in October. Kittiwakes, although absent in summer, were rather abundant

(1-29/km2) in fall (Table III-5-6).

MAMMALS

As part of the OCSEA Program, the Alaska Department of Fish and Game

conducted studies on the ecology of harbor seals (Pitcher and Calkins, RU

#229, April 1977), Steller sea lions (Calkins and Pitcher, RU #243, April

1977), and sea otters (Schneider, RU #240, Final Report 1976) in the Kodiak

archipelago. Mercer et al. (RU #68, April 1977) summarized information on

seasonal distribution and abundance of sea lions and cetaceans in the

western Gulf, including Kodiak. Population estimates from the Gulf have

been updated (Table 111-5-7), and new information on distribution of

pinnipeds and sea otters in the Kodiak region is increasing comprehensive-

ness of the general distributional picture (Fig. 111-5-5).
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TABLE III-5-5

Relative density of seabirds in the Kodiak Basin area from shipboard transects
in 1976-77 (from Bartonek et al., RU #337, Part I, April 1977).



TABLE III-5-5 (continued)



TABLE II-5-6

Relative Density of Seabirds in the Shelikof Straits Area from Shipboard Transects in 1976
(from Bartonek et al., RU #337, Part I, April 1977).



TABLE III-5-7
Summary of population size estimates of marine mammals and regions of the
Gulf where individual species are most likely to frequent. General food
resources and vertical zone of the ocean where animals feed are also in-
cluded. NE=no estimate available (frcm Fiscus et al., 1976).
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FIG. III-5-5. Distribution of marine mammals in the Kodiak Archipelago (from Niggol et al., 1960 and
D. Calkins. K. Pitcher and K. Schneider, ADF&G, 1977).



Harbor Seal

Pitcher and Calkins (RU #229, April 1977) found that low-flying

aircraft induced mortality of about 10% of the harbor seal pups born on

Tugidak Island in 1976. Deaths resulted mainly from the permanent separa-

tion of newborn pups from their mothers which occurred when animals were

frightened from shore into the water. Most frequently the low-flying air-

craft were helicopters carrying geologists related to OCS development.

Increased air traffic as development proceeds could, if not properly con-

trolled, result in much higher mortality and endanger survival of the

Tugidak population, which is the largest single concentration of harbor

seals in the world (estimated at 13 to 20 thousand animals).

The number of harbor seals hauled out at Tugidak Island attained a

slight peak in June, during pupping, but the major peak was in late August

and early September, during the molt (Fig. III-5-6). The seals are parti-

cularly vulnerable to disturbance during both of these periods.

Data on food habits and reproduction of harbor seals in the Gulf of

Alaska are considered in the NEGOA section of this report.

Steller Sea Lion

Calkins and Pitcher (RU #243, April 1977) confirmed that the Steller

sea lion is abundant in all areas of the Kodiak archipelago. The two

largest rookeries are on Sugarloaf and Marmot Islands. Observations of

branded animals have shown that animals born in these rookeries occur as

far away as Cape St. Elias to the west and Chirikof Island to the south.

On the most recent survey over 25,000 sea lions were counted from photo-

graphs of the 30 different hauling areas and breeding rookeries in the

Kodiak area. This figure does not include animals which were in the water
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FIG. III-5-6. Number of harbor seals ashore on the southwest shore of Tugidak
Island, May-Sept. 1976 (from Pitcher and Calkins, RU #229, April
1977).
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adjacent to Kodiak at the time of the survey and it may represent only

one-half of the total sea lion population in the Kodiak area at any one

time. Many of the hauling areas are used continuously by all segments of

the population while others are used on an irregular basis or by only

certain sex and age classes. Seasonal shifts in distribution exist but

are not well understood. Areas critical to the Kodiak sea lion population

include the Barren Islands, Marmot Island, Twoheaded Island, and Chirikof

Island. These four locations constitute the major breeding rookeries of

sea lions in the Kodiak area, which supply the majority of pups to the sea

lion population in the Gulf of Alaska. Over 12,000 pups per year are born

at these four locations. Portlock Bank, Albatross Bank and Marmot Flats

should all be considered critical feeding areas for sea lions (D. Calkins,

pers. comm.).

Sea Otter

Schneider (RU #240, Final Report, December 1976) reports that three

more or less discrete sea otter populations, totaling about 4,000 animals,

presently occupy the Kodiak archipelago. They are located at: (1) the

Barren Islands, (2) the Shuyak-Afognak Islands area, and (3) the Trinity

Islands-Chirikof Island areas. The Barren Islands population appears to

be near carrying capacity, at about 300 animals. The Shuyak-Afognak popu-

lation at the north end of Kodiak appears to be expanding rapidly, and

probably is supplying animals for repopulation of areas to the south. The

Trinity Islands population at the south end of Kodiak also is expanding.

It is anticipated that, eventually, considerable areas of suitable inter-

vening habitat will be occupied, and the southern and northern populations
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will become continuous. Sightings of otters midway between Chirikof Island

and the Trinity Islands suggest continuity of the population of these

islands.

Cetaceans

Fiscus et al. have summarized marine mammal sightings for the entire

Gulf of Alaska in general (RU #68, October 1976) and for the western Gulf

in particular (RU #68, April 1977). Cetaceans which have been reliably

sighted in the Kodiak region (mainly on the eastern shelf) are dall, white-

sided, and harbor porpoises and gray, minke, sei, fin, blue, humpback,

killer, and sperm whales. Available sight records indicate that all of

these, except possibly the killer whale, visit Kodiak only seasonally,

with a peak occurrence in May-June. The most frequently sighted species

is the dall porpoise, which is present from March to October (Fig. 111-5-7).

The eastern shelf of Kodiak is one of three main habitats of the humpback

whale in the Gulf of Alaska, and it is also a major area of occurrence for

minke, sei, and fin whales in the Gulf. Total marine mammal sightings in

the western Gulf are summarized by season and location in Fig. 111-5-8.
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FIG. 111-5-7. Monthly summary of the percentage of all marine mammal sightings
contributed by Dall porpoises from Kodiak to Unimak Pass (from
Mercer et al., RU #68, March 1977).
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FIG. III-5-3. Total number of sightings of all species of marine mammals in the western Gulf by
Spring=April-June, Summer=July-Sept., Fall=Oct.-Dec.) per sector (1°X1°) (from Mercer
et al., RU #68, March 1977).



MICROBIOLOGY

(See the NEGOA section of this report for introductory comments.)

Based on limited sampling, which excluded most of the Kodiak Shelf,

Atlas (RU #30, April 1977) concluded that there was no significant spatial

variability of heterotroph abundance in the western Gulf of Alaska.

However, Atlas did find that the abundance of petroleum hydrocarbon

degraders was highest along sampling transects just south of Kodiak and

Unimak Islands.

Heterotrophs from both water and sediment samples were cultured on

various substrates to note the potential response of the microflora to

environmental perturbations. Substrate utilization was greatest and the

percentage of the population using the substrates was higher near Kodiak

Island than near the Aleutians. As an example, Atlas reports that only

30% of the population near Unimak Pass used glucose and 35% thrived on

aspartate. In contrast 98% of the isolates from the Kodiak and Barren

Island regions grew readily on either glucose or aspartate substrates.

The shift in substrate utilization occurs between the Semidi and Shumagin

Islands. Atlas does not speculate or discuss the implication of these

apparent physiological differences.

On the basis of hydrocarbon utilization, Atlas found that petroleum

degraders were present at most sampling stations north and south of the

proposed Kodiak lease area.

Cluster analysis indicates that all heterotrophs, isolated from water

and sediment samples and cultured at 4° and 20°C, group into 19 taxonomic

units. Only eight taxa contained two members each; however, 49% of the

heterotrophs cluster into one taxa.
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SECTION IV

ALEUTIAN SHELF: ENVIRONMENT, BIOTA, AND

POTENTIAL PROBLEMS RELATED TO OIL EXPLORATION

A Scientific Report Based on

OCSEAP-Sponsored Research Conducted

During FY 1977
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Chapter IV-1

INTRODUCTION

The Aleutian Shelf OCS region trends east-northeast/west-southwest,

from the southern limits of the proposed Kodiak Shelf lease area to Unimak

Pass (Fig. IV-1-1).

Relatively few environmental data describing this region are presently

available and little OCSEAP-sponsored research was in progress during

FY 1977. For the most part, subsequent chapters summarize results from

studies centered on the Kodiak Shelf where field observations or sampling

patterns have extended southwest into the Aleutian Shelf area. Emphasis

is on fisheries data, and the marine birds and mammals of the Semidi Islands.

The OCS Planning Schedule released by the BLM in January 1977 called

for a proposed first generation Aleutian Shelf/second generation Kodiak

Shelf lease sale during 1980. The OCS sales schedule is presently under

review by the Department of the Interior and sales beyond 1978 remain to

be confirmed.
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FIG. IV-1-1. The Aleutian Shelf study region.



Chapter IV-2

CONTAMINANT BASELINES

INTRODUCTION

Data describing the areal and seasonal distribution and abundance of

hydrocarbons and heavy metals is limited. OCSEAP data are not available

on background hydrocarbon contamination; however, a few data have been

collected on the heavy metal content of this area. Although several cruise

tracks were made in the area, samples were collected only from the narrow

shelf region.

HYDROCARBON CONTENT AND COMPOSITION

In the proposed Aleutian lease area Kaplan et al. (RU #480, April

1977) noted that the level of total hydrocarbons in the sediment ranged

from 3.3 to 19.5 µg/g dry weight. Although only four stations were sampled,

these data are comparable to those measured for other Alaskan OCS proposed

lease areas (see the Kodiak and Bristol Basin sections of this report

for additional comments).

HEAVY METALS

Preliminary evidence indicates that the heavy metal content of the

Aleutian Shelf area is typical of that for the other Alaskan OCS areas

sampled. Burrell (RU #162/163/288/293/312, April 1977) reported that the

concentration of zinc and vanadium in shelf waters was 0.31 and 1.39 µg/l.

Sediment samples contained heavy metal concentrations comparable to those

measured in the Bering Sea and Kodiak region. (See additional discussions

in the NEGOA, Lower Cook Inlet, Kodiak and Bristol Basin sections of this

report.)
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Chapter IV-3

HAZARDS

SEISMICITY

An analysis of earthquake intensities and recurrence rates (Meyers

et al., 1976b) and a catalog of tsunamis (Cox et al., 1976) are available

for the Aleutian Shelf region. Fig. I-3-1 illustrates maximum earthquake

intensities in the area, extrapolated from available field observations.

Maximum historical earthquake recurrence rates are recorded south of Unimak

Island (54°N, 164°W): 10.5 events of magnitude 4.0 or greater and 1.9

events of magnitude 5.0 or greater per year.

Additional data on the region's seismic and volcanic hazards are being

provided by Davies et al. (RU #16; see NOAA/SAI 1976); however, their

1976-77 annual report was not available when this summary was prepared.

OTHER STUDIES

No other studies of geologic hazards or sedimentation were ongoing

in the proposed Aleutian Shelf lease area during FY 1977.
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Chapter IV-4

TRANSPORT

INTRODUCTION

Only two research units (RU #289, #138) have provided data and results

on the physical water transport processes in the Aleutian lease area during

the last reporting period, April 1976-March 1977. This lease area has

been characterized as a part of the Alaskan Stream domain with extensive

westward wind-stress transport.

GENERAL HYDROGRAPHY

The western hydrographic station grid in the Gulf of Alaska extends

over the continental shelf and slope south of Alaska Peninsula westward

to Unimak Pass. Three station transects, Mitrofania, Pavlof Bay and Unimak

Pass, have been sampled irregularly since fall 1975. A total of six cruises

has been conducted along the western grid in the past three years but

complete occupation of the grid has occurred only once because of higher

priority placed on data from the Kodiak Island region (Royer, RU #289,

April 1977). The collected data show that the shelf water properties and

circulation in this area are greatly influenced by the Alaska Stream offshore

and local freshwater runoff along the coast, a situation similar to the

central regime, between Icy Bay and Kayak Island (see NEGOA section of this

report). Local effects are probably less prominent in this region than,

for example, in the western regime. On the basis of inferred swift and

southwesterly currents alongshore, it is expected that water/contaminant

residence time would be relatively short.
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CURRENT METER DATA

Hayes and Schumacher (RU #138, April 1977) have obtained current meter

data from two locations in the lease area since fall 1975. The first array

(WGC-1) was located near the 200 m isobath east-southeast of Unimak Pass.

The mooring location was later moved about 1.3 km farther south. Data

from March to November 1976 were obtained at this new location. The second

array, WGC-3, has been located at approximately 100 m isobath about 250 km

southwest of Kodiak Island. The calculated statistics from current meter

records for 1976 are given in Table IV-4-1. The mean currents at WGC-1

were generally directed at 255°TN or approximately parallel to the regional

topography throughout the mooring period. Records from the deepest current

meter, moored at 175 m, showed net flow directed toward 225°TN. Since

these data were obtained only about 10 m above the bottom, the directional

change could be the reflection of a bottom Ekman layer causing the near-

bottom currents to veer to the left of the overlying currents. The vector

averaged current speed did not decrease markedly between 20 m and 50 m

depth, although it decreased markedly from the March-June period to June-

September period. A marked decrease from 50 m to 100 m record depth was

noted.

Current meter records from WGC-3 were limited. The average net

flow was 22 cm/sec at 20 m directed toward 256°TN and 16 cm/sec at 50 m

directed toward 2610TN. These currents, unlike those at WGC-1, were

directed 15-20° to the right of local isobath. The reason for this dif-

ference in direction was not ascertained but it might be related to the

complex and variable bathymetry of the region.
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TABLE IV-4-1

Statistics of Current Meter Records from Southwestern Gulf of Alaska
(from Hayes and Schumacher, RU #138, April 1977)
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Chapter IV-5

RECEPTORS

PLANKTON

No OCSEAP plankton studies have been conducted in the Aleutian lease

area. A review of historic data, 1958-74 on nutrients, phytoplankton and

primary productivity in the Gulf of Alaska and northern North Pacific has

shown that data applicable to this lease area are scarce (Anderson and Lam,

RU #58, Final Report, April 1977). Data from Zones 15 and 16 (see Fig.

I-5-1) are presumed here to represent the lease area features. It should

be noted that Zone 16 also includes the Kodiak lease area. The combined

data from these two zones are tabulated in Table IV-5-1. Chlorophyll a

concentration in spring and summer in the upper 25 m is probably about

2-3 mg/m3. Primary productivity data are much fewer; reported values

are about 15 mgC/m3 /hr in spring (one observation) and 7 mgC/m3/hr in

summer (four observations). Nitrate concentration was lower in summer

than in winter and spring. Primary productivity and nitrate data were

available only for the upper 10 m. No data were available for autumn.
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TABLE IV-5-1

The Seasonal Mean and Range (in parentheses) of Chlorophyll a, Primary
Productivity and Nitrate Concentration, from Historic Data, 1958-74, for
Zones 15 and 16 in the Gulf of Alaska. The number of observations for each
season and depth layer are given in italics (tabulated from data provided
by Anderson and Lam, RU #58). No data were found for the Autumn season
(September-November).
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BENTHOS

Littoral Biota

Zimmerman et al. (RU #78/79, April 1977) have flown the Aleutian

Shelf coastal zone to assess major beach types and produce an atlas of

the area which will also include data on beach slope and biological cover.

A summary of beach type data is presented in Table IV-5-2. No additional

details are available at this time.

Kaiser and Konigsberg (RU #24, December 1976, April 1977) sampled

intertidal sandy beach invertebrates at several sites along the Alaskan

Peninsula during Pacific razar clam (Siliqua patula) assessment studies.

Their findings are briefly outlined in the Kodiak section of this report.

Benthic Biota

Feder (RU #281, April 1977) extended his group's studies of NEGOA

benthos into the northwestern Gulf of Alaska also. Twenty-nine widely

dispersed stations were established in conjunction with other ongoing

OCSEAP programs there (Fig. IV-5-1). Substrate characteristics (e.g.,

compact sand, gravel, rock) of this part of the shelf of the Gulf of

Alaska made it impossible to occupy all planned stations and difficult

to quantitatively occupy many of the stations sampled. Further sampling

with other types of gear is indicated for this region. Higher priorities

elsewhere necessitated archiving all samples pending future needs.
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TABLE IV-5-2

Number of miles and percentage of major intertidal substratum types in
the Aleutian Islands area, from Ugamak Island on Unimak Pass westward,
to and including the Islands of Four Mountains (Zimmerman et al., RU #78/
79, April 1977).
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FIG. IV-5-1. Station grid established for oceanographic investigations in the northwestern Gulf of Alaska.
Shaded circles - stations occupied with van Veen grab (Feder, RU #281, April 1977).



FISH

The total number of individuals in the salmon spawning runs averaged

9.2 million fish for the period 1925-72. The estimated peak abundance

in this lease area is 28.7 million fish (Stern, RU #483, September 1976).

Commercial catch statistics show that the average catch is 6.6 million

salmon; however, in 1975 less than 1 million salmon were caught. This

reduction in numbers is indicative of all salmon catches in the Gulf of

Alaska where salmon stocks have decreased.

Stern (RU #483, September 1976) reports that on a species basis,

pink salmon (Oncorhynchus gorbuscha) are the most numerous of all the

salmonids in the area, comprising 53% of the commercial catch and total

spawning run. Following pinks, sockeye (0. nerka) and chum (0. keta),

respectively constitute 26 and 20% of the salmon abundance. It is also

noteworthy that pink salmon make up about 60% of the run in the area from

Unimak Pass to Bluff Point; whereas, sockeye salmon account for 51% of

the run east of Bluff Point to the Trinity Islands.

Spawners usually enter the area in early June. The run peaks in

July and early August, and some spawners do not enter the spawning streams

until mid-September. The run occurs first in the southwest region of

this proposed lease area; spawners reach the northeast sections several

weeks later. Spawners approach this area from east-northeast. However,

as many as 65% of sockeye salmon and 68% of the chum salmon caught west

of the Shumagin Islands are destined for Bristol Bay (Stern, RU #483,

September 1976).
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Juvenile salmonid outmigrants number about 151 million annually.

Peak estimates show that this area could possibly produce 445 million

salmon each year. The timing of the outmigration and offshore dispersal

of outmigrants are discussed in the Kodiak section of this report.

Wall and Macy (RU #64/345, September 1976) have reviewed the litera-

ture and are evaluating data sources on the abundance and distribution

of non-salmonid pelagic fish in the Gulf of Alaska and Bering Sea (see

discussion in the NEGOA section of this report).
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BIRDS

Bartonek et al. conducted site-specific studies on ecology of marine

birds on the Semidi Islands (RU #341/342, Parts 2 and 3, February-March

1977), in the Aleutian lease area, and censused birds on pelagic waters

of this region (RU #337, April 1977). Pelagic regions were also surveyed

by Guzman (RU #239, April 1977), who concentrated on determining shearwater

densities.

Breeding Biology of Fulmars on the Semidi Islands

Bartonek et al. (RU #341/342, Part 3, February 1977) conducted a

detailed study of the breeding ecology of the northern fulmar on the Semidi

Islands in summer in 1976. Preferred nesting habitat is upper, vegetated

portions of cliffs. An estimated minimum of 500,000 fulmars utilize such

habitat in the Semidis. Approximately 17% of these are light phase birds.

Egg laying occurred from late May to late June, peaking in the first

week of June (Fig. IV-5-2). Incubation averaged 49 days (R = 47-50d), with

hatching spread between 15 July and 8 August. This overlaps the peak in

molting of primary feathers, which occurred in late July (Fig. IV-5-3).

The authors calculated that reproductive (fledging) success was about 15%

(Fig. IV-5-4). Because they reason this is too low to maintain the popu-

lation, they conclude that reproductive success of fulmars on the Semidi

Islands was below average in 1976. Chick growth rates were monitored and

found to approximate the typical sigmoid growth curve (Fig. IV-5-5). Non-

breeders and failed breeders were present in colonies throughout the nesting

season.
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FIG. IV-5-2 . Egg-lavina dates of fulmars on the Semidi Islands, 1976 (from Bartonek et al., RU #341/342, Part 3, February 1977).



FIG. IV-5-3.Percentage of fulmars in the air undergoing primary molt from 30 June

to 3 September, Semidi islands. 1976 (from Bartonek et al., RU #341/

342, Part 3, February 1977).
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FIG. IV-5-4 Survivorship of fulmar eggs and nestlings on the Semidi Islands,
1976 (from Bartonek et al., RU #341/342, Part 3, April 1977).



FIG. IV-5-5. Weight gain of fulmar chicks, Semidi Islands, 1976. Means, sample sizes and sample

range are indicated (from Bartonek et al., RU #341/342, Part 3, April 1977).



Glaucous-winged gulls took over 70% of about 60,000 fulmar eggs that

were laid in one of the study areas (Chowiet Island). They point out that

any activities favoring expansion of the gull population would threaten

the fulmars. Such activities include the establishment of garbage dumps

or fish processing plants that provide supplementary food for gulls.

Detailed data on nest attendance relative to time of day, weather and

stage in the nesting season are presented in this report. Nest attendance

increases during stormy weather and ebbs during clear weather (Fig. IV-5-6).

Maximum colony attendance occurred in mid-May, before nesting began; this

included many birds that did not breed in 1976. Colonies were deserted

for a brief period just prior to egg laying.

Populations and Ecology of Other Marine Birds on the Semidi Islands

Bartonek et al. (RU #341/342, Part 2, April 1977) also conducted de-

tailed studies on ecology of other bird species in the Semidi Islands.

A total of 54 species of birds were identified, including 36 that breed

on the islands and 18 that were present as migrants (Table IV-5-3).

Research was focused principally on the 17 species of breeding seabirds,

whose estimated populations are presented in Table IV-5-4. The most abun-

dant of these were common and thick-billed murres, which together were

estimated to include 458,000 individuals. Hence murres appear to be about

equally abundant with fulmars in the Semidi Islands (see above).

Data on hatching and fledging success were obtained for samples of 10

of the 17 seabird species that were studied (Table IV-5-5) and breeding

phenology is known for 11 species (Fig. IV-5-7). Kittiwakes and cormorants

were notably unsuccessful, with only 18-19% of eggs laid producing fledged

young. The authors discovered that hatching success of tufted puffin was
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FIG. IV-5-6 Attendance of fulmars at nest-sites during the breeding season, Semidi Islands, 1976. Periods of

fair (f) and stormy (s) weather are indicated (from Bartonek et a., RU #341/342, Part 3,

February 1977).



TABLE IV-5-3

Breeding and migrant bird species seen in the Semidi Islands during thesummer of 1976 (from Bartonek et al., RU #341/342, Part 2, April 1977).
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TABLE IV-5-3 (continued)
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TABLE IV-5-4 Estimated number of seabirds nesting in the Semidi Islands 1976,
(from Bartonek et al., RU #341/342, Part 2, April 1977).



TABLE IV-5-5 Clutch size, hatching success and fledging success of ten species

of seabirds nesting on the Semidi Islands in 1976 (after Bartonek

et al., RU #341/342 Part 2, Anril 1977).



FIG. IV-5-7. Breeding phenology of seabirds on Chowiet
Island, Semidi Islands (from Bartonek et al.,
RU #341/342, Part 2, April 1977).
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twice as great in a relatively undisturbed control plot as it was where

they checked nests on a regular basis during incubation.

The authors present a set of maps showing breeding distribution of

individual species of seabirds on the Semidis. These are summarized in

Figs. IV-5-8, 9 and 10. Weights and measurements of specimens of various

species were obtained and are available in the original report (RU #341/

342, Part 2, April 1977).

Seasonal Abundance of Birds on Pelagic Waters

Bartonek et al. (RU #337, Part I, April 1977) identified 37'species

of birds on pelagic waters of the Aleutian lease area from March to October

1976 (Table IV-5-6). Fulmars, glaucous-winged gulls, black-legged kitti-

wakes and murres were present at densities of 1-9 birds/km
2 during every

month surveyed. Shearwaters were observed from May to October, and were

consistently very abundant (> 100/km2 ) from May to July. Guzman (RU #239,

April 1977) also observed thousands of shearwaters in this region between

June and August 1976.

MAMMALS

OCSEAP studies of marine mammals in the Aleutian lease area include

observations in the Semidi Islands (Calkins and Pitcher, RU #243, April

1977; Bartonek et al., RU #341/342, Part 2, April 1977) and the compiling

of records of marine mammal sightings for pelagic regions (Mercer et al.,

RU #68, April 1977). Habitat preferences and utilization and special vul-

nerabilities to petroleum development have also been summarized (Table

IV-5-7).
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FIG. IV-5-8. Breeding distribution of murres, black-legged kittiwakes,
and ancient murrelets on Chowiet Island, 1976 (after
Bartonek et al., RU #341/342, Part 2, April 1977).
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FIG. IV-5-9. Breeding distribution of glaucous-winged gulls, rhinoceros auklets,
tufted puffins and cormorants on Chowiet Island, 1976 (after
Bartonek et al., RU #341/342, Part 2, April 1977).
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FIG. IV-5-10. Breeding distribution of common eiders, black oystercatchers,
pigeon guillemots, bald eagles, peregrine falcons, horned puffins
and parakeet auklets on Chowiet Island, 1976 (Bartonek et al.,
RU #341/342, Part 2, April 1977).
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TABLE IV-5-6

Relative density of seabirds in the Aleutian lease area ("Alaska Peninsula South") as

determined from shipboard transects in 1976 (from Bartonek et al., RU #337, Part I,

April 1977).



TABLE IV-5-6 (continued)



TABLE IV-5-7

Commonly occurring and endangered (*) cetaceans and pinnipeds (those likely to be seen

out to the continental slope) in the western Gulf of Alaska study area. F = feeding;
C = calving; P = pupping; M = migration.



TABLE IV-5-7 (continued)



Pinnipeds and Sea Otters

The largest concentration of marine mammals detected in this region

is a population of about 5,000 S.teller sea lions observed on the southern

end of Chowiet Island, in the Semidi Island group. It is estimated that

about 2,000 pups are born in this rookery annually (Calkins and Pitcher,

RU #243, April 1977; Bartonek et al., RU #341/342, Part 2, April 1977).

Several other sea lion rookeries are located in this region, from the

Shumagin Islands to Unimak Pass (Fig. IV-5-11). Harbor seals were observed

on all of the Semidi Islands, with major hauling areas located on the north-

west side of Chowiet Island, the southeast side of Kateekuk Island and the

east side of Aghiyuk Island. On June 9th sixteen adult harbor seals with

nine pups were seen on Chowiet. Sea otters were also present in the Semidis,

in low numbers, and a pup was seen near Suklik Island on 10 August (Bartonek

et al., RU #341/342, Part 2, April 1977).

Cetaceans

A dozen species of whales and porpoises commonly occur in this region

(Table IV-5-7). Observers on Semidi Islands in the summer of 1976 occa-

sionally saw the following species feeding around the islands: killer

whale, finback whale, sei whale, minke whale and humpback whale (Bartonek

et al., RU #341/342, Part 2, April 1977). Gray whales migrate through

this lease area in spring and fall.
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FIG. IV-5-11. Steller sea lion hauling
areas in the southwestern
portion of the Aleutian
lease area (from Calkins
and Pitcher, RU #243,
April 1977).



MICROBIOLOGY

(See the NEGOA section of this report for introductory comments.)

The concentration of heterotrophs in the water column increases from

Kodiak Island to Unimak Pass (Atlas, RU #30, April 1977). Due to the

limited number of sediment samples, the spatial distribution of hetero-

trophs in the sediment is not clearly defined.

Substrate utilization was lower in the proposed Aleutian lease area

relative to those rates measured in the Kodiak area. (See the Kodiak

section of this report.)

Cluster analyses were also conducted on the physiological requirements

and behavior of heterotrophs isolated from the Aleutian area. The results

have been included with those from Kodiak Island (see the Kodiak section

of this report).
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SECTION V

BRISTOL BAY: ENVIRONMENT, BIOTA, AND

POTENTIAL PROBLEMS RELATED TO OIL EXPLORATION

A Scientific Report Based on

OCSEAP-Sponsored Research Conducted

During FY 1977
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Chapter V-1

INTRODUCTION

Bristol Bay is a large, comparatively shallow bay of the Bering Sea,

bordered by rugged mountains up to 1,500 meters in elevation, lake-dotted

tundra, and many rivers (Fig. V-1-1). The bay is part of a large contin-

ental shelf which is remarkably flat; average depth is 40 meters.

The eastern Bering Sea Shelf, which includes Bristol Bay, is one of

the most biologically productive areas of the world. According to esti-

mates the volume of shelf waters, which represents less than 3% of the

total volume of the Bering Sea, accounts for at least two-thirds of the

total annual primary production. The eastern Bering Shelf also features

one of the world's largest marine mammal populations, a very high abun-

dance of shore and marine birds, the world's largest eelgrass beds, a very

high commercial catch of fish, and some of the highest daily rates of

primary productivity. The shelf zone is also a critical route and seasonal

feeding area for a variety of migratory birds and mammals.

The sequence of events leading to high levels of primary productivity

in the eastern Bering Shelf is complex and does not follow the classical

temperate and subarctic spring bloom of phytoplankton. Instead there

appears to be a series of overlapping pulses of moderate to high produc-

tivity that combine to account for high annual production. Contrary to

earlier understanding and beliefs about the dynamics of productivity in

this area, seasonal ice cover prolongs the period of productivity and

enhances annual production.

No tentative lease sales schedule has been published for the Bristol

Bay region.
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FIG. V-1-1. Bristol Bay study region.



Chapter V-2

CONTAMINANT BASELINES

INTRODUCTION

The distribution of hydrocarbons and heavy metals is generally based

on a single season sampling. Since the concentration of most contaminants

appears to be as low as or lower than accepted levels for unpolluted waters,

the need for more sampling is questionable. However, contaminants (e.g.,

LMWH) that are biologically influenced and exhibit seasonal variability

should be studied in greater detail. To date only two seasonal sampling

trips have been undertaken; the data are markedly different, suggesting

a need for additional sampling efforts in the other seasons. The data on

baseline contaminants also suggest that the Bristol Basin area is typical

of other Alaskan shelf waters. (See additional introductory comments in

the NEGOA section of this report.)

HYDROCARBON CONTENT AND COMPOSITION

Hydrocarbon analyses of biota common to the eastern Bering Sea indi-

cate that all hydrocarbons identified were of biogenic origin. Pentadecane,

heptadecane, nonadecane, and heneicosane were the most common hydrocarbons

in eel grass, Zostera marina (Shaw, RU #275/276/296, April 1977). Shaw

also noted that these compounds were more abundant and in different propor-

tions in the leaves than in the roots.

The hydrocarbon content was low in bay mussels, Mytilus edulis,

collected from Unimak and Unalaska Islands. Hydrocarbon analyses of snow

(Chiomecetes opilio) and king (Paralithoides camtschatica) crab tissues

also showed low concentrations of hydrocarbons. Zooplankton collected

from four hauls in the Bering Sea were rich in hydrocarbons. Pristane
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was most common; nonadecane, eicosane and several polyolefins were also

present in lesser amounts. Hydrocarbon analyses of various tissues of

finfish collected in the proposed lease area indicate:

1. No petrogenic hydrocarbons were identified in the
materials analyzed;

2. Aliphatic hydrocarbons were undetectable in Alaska
plaice, PZeuronectes quadritubercalatus;

3. Low to moderate levels of squalene were found in livers
of Pacific halibut (Limanda aspera) and yellowfin sole
(Limanda aspera); and

4. Pristane is common in all tissues of walleye pollock
(Theragra chalcogramma).

The total hydrocarbon content of Bristol Basin surficial sediments

ranged from 2 to 22 µg/g dry sediment. Kaplan et al. (RU #480, April 1977)

indicate these levels are 5 to 15 times less than the level of hydrocarbons

normally found in unpolluted recent marine sediments. Total hydrocarbon

levels in petroleum contaminated sediments may be 10 to 100 times higher

than those measured in this region.

The concentration of hydrocarbons in the sediment can be explained

by variations in sediment grain size and organic carbon content (Kaplan

et al., RU #480, April 1977). Generally, low levels of total hydrocarbons

and organic carbon are found in the coarse-grained sediments nearshore;

higher concentrations occurred in the finer-grained sediments near the shelf

edge.

As in the western Gulf of Alaska, hydrocarbons in Bering Sea sediments

originate from marine and terrestrial sources. Unlike the western Gulf,

the contribution of hydrocarbons to the sediment is mainly from terrigenous

sources.
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Low Molecular Weight Hydrocarbons (C1 to C4)

In an effort to establish seasonal abundances and distributions of

LMWH in the Bristol Basin, Cline (RU #153/155, April 1977) and Cline and

Feely (RU #153/155, September 1976) have collected water samples in

September-October 1975 and in June-July 1976. In general, the data indi-

cate an increase in the total LMWH levels from October to July; no petro-

genic sources of LMWH were identified. (Additional introductory remarks

related to OCSEAP studies on C1 to C4 hydrocarbons may be found in the

NEGOA section of this report.)

Methane (C[subscript]1)

Cline (RU #153/155, April 1977) reports that during summer 1976 methane

levels in surface waters were generally above 100 nl/l. These concentra-

tions are markedly higher than the near saturation levels (50 to 70 nl/l)

measured in the surface waters of Bristol Basin in fall 1975. During both

sampling periods, the concentration of methane was markedly higher along

the north coast of the Aleutian Islands and the Alaska Peninsula. The

highest value recorded was approximately 1,600 nl/l near Herendeen Bay in

summer 1976. This seasonal and spatial variability in methane concentrations

in surface waters is reflective of seasonality and spatial preference in

biological productivity. Another source of spatial variability is the

intrusion of LMWH deficient oceanic waters reflected by low levels of methane

(~ 80 nl/l) in surface waters east of the Pribilof Islands and north of

Unimak Island.
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The concentrations of methane in the near-bottom waters were generally

higher in summer 1976 than those measured in fall 1975. The spatial varia-

bility of methane was similar to that displayed in the surface waters.

Methane levels in the near-bottom water usually varied between 100 and 400

n l/l.

Ethane and Ethene (C2 )

The concentration of ethane in surface waters displayed little seasonal

and spatial variability. Summer 1976 values averaged 1.0 nl/l as compared

to the fall 1975 mean of 0.5 nl/l. During both sampling periods, the

higher values were recorded in water samples from the coastal areas.

Minimal concentrations (0.3 nl/l) were measured in the area east of the

Pribilofs, intruded by LMWH deficient oceanic waters.

In summer 1976, ethane levels in the near-bottom waters ranged from

less than 1 nl/l near Nunivak Island to 2 nl/l along the Alaska Peninsula

(Cline and Feely, RU #153/155, September 1976). These investigators also

report that ethane concentrations in excess of 2 nl/l were measured in

samples collected in Izembek Lagoon. In fall 1975, the near-bottom con-

centrations of ethane ranged from 0.5 to 1.0 nl/l.

The seasonal distribution of ethene is similar to that of the other

LMWH, reflecting increased biological production. Cline and Feely (RU #153/

155, September 1976) noted a four fold increase in ethene in summer 1976

as compared to fall 1975. The areal distribution was similar in both the

surface and near-bottom waters, with slightly higher concentrations at the

surface. The highest concentrations were recorded along the coastal peri-

meter of Bristol Basin, particularly in Izembek Lagoon. The intrusion of

LMWH deficient oceanic water east and south of the Pribilofs is reflected
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by substantially lower ethene levels in the central Bristol Basin. Ethene

levels in summer 1976 ranged from 2.1 to 5.5 nl/l in the surface waters

and 1.2 to 5.0 nl/l near the bottom.

Propane and Propene (C3 )

The concentration of propane in the surface waters was quite low

during both sampling periods. The surface water concentrations for both

seasons ranged from 0.2 to 0.8 nl/l, except 1.8 nl/l was recorded near the

Kuskowim River. Near-bottom concentrations of propane ranged from 0.2 to

0.9 nl/l and averaged 0.5 nl/l. The summer levels were only slightly

higher than those measured in fall. There were no significant spatial

variations in the distribution of propane in surface or near-bottom waters.

Cline and Feely (RU #153/155, September 1976) reported that the concen-

tration of propene in the surface waters was nearly three fold greater

in summer 1976 than in fall 1975. These investigators also noted that

nearshore the propene levels were in excess of 1.0 nl/l; whereas, recorded

amounts were less than 1.0 nl/l in the central portion of Bristol Basin.

Concentrations in excess of 7 nl/l were measured near the Kuskokwim River

delta. The elevated summer and nearshore values are indicative of increased

biological activity. The anomalous values recorded near the Kuskokwim

River delta are of biogenic origin but the apparent source is within the

river or estuary, outside of the sampling grid.

Near-bottom concentrations of propene were systematically higher in

summer 1976 than those observed in fall 1975. Summer concentrations of

propene generally exceeded 1.0 nl/l nearshore and were less than 0.5 nl/l

in the central part of Bristol Basin. The intrusion of LMWH deficient

oceanic water south and east of the Pribilofs was also noted.
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Isobutane and n-butane (C4)

Cline (RU #153/155, April 1977) reports that the concentrations of

these LMWH were less than 0.03 nl/l in all areas sampled. This value is

the lower detection limit of the method employed.

Diagnostic Indicators of Petroleum Introduction

The ratio of the concentration of ethane to ethene was less than 1.

As discussed in the NEGOA section of this report, ratios less than 1 indi-

cate that the LMWH are of biogenic origin. Cline (RU #153/155, April 1977)

found no evidence of petroleum contamination in the southeastern Bering Sea.

HEAVY METALS

The concentration of water soluble heavy metals in Bristol Basin has

been discussed in the 1975-76 Annual Report Summary (NOAA/SAI 1976).

The levels of copper, cadmium, and zinc measured in Neptunea sp. were

elevated in relationship to those amounts recorded for other benthic species

in NEGOA and Bristol Basin. Unlike samples taken in NEGOA, Neptunea col-

lected from Bristol Basin had the digestive tract removed before analyses

were conducted. The digestive tract was analyzed separately. Concentra-

tions in the digestive tract were measurably higher than could be explained

by the amount of heavy metals measured in the gut contents.

Tanner crab samples contained heavy metal levels similar to those

measured in specimens collected from NEGOA. Copper concentrations were

somewhat lower in the Bering Sea specimens but not significantly lower than

levels in NEGOA tanner crab (Burrell, RU #162/163/288/293/312, April 1977).

Sediment samples collected in June 1975 have been analyzed and no

anomalous levels of heavy metals were measured (Burrell, RU #162/163/288/

299/312, April 1977). The concentration of cadmium, copper, and nickel in
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sediment extractions and the total iron, manganese, vanadium, and chromium

concentration in the sediment is much lower in comparison to levels measured

in sediments from NEGOA. (See the NEGOA and Kodiak sections of this report.)

Nelson (RU #413, April 1977) has studied the trace metal content of

bottom sediments in Northern Bering Sea. His goal is to complete baseline

distribution maps of selected groups of trace metals. All analyses have

been completed and the data are available in computer storage. Nelson's

report includes an example of a computer listing of elements treated statis-

tically and another example of a completed report on mercury dispersal from

lode sources in the Kuskokwim River drainage. Similar reports for other

samples and elements will follow as soon as computer processing and maps

are completed. The bulk data maps should be ready by June 1977.

SUSPENDED PARTICULATE MATTER

Feely and Cline (RU #152, April 1977) continued their studies of the

composition and distribution of suspended particulate matter in the south-

east Bering Shelf. A chemical analysis of dominantly inorganic samples

compares the elemental composition of the particulate matter from major

rivers discharging into Bristol Bay and particulate matter on the shelf.

A high concentration of Mg, Al, K, and Ti is present on the shelf. Since

these elements are almost exclusively associated with aluminosilicate

minerals, the shelf sediments are most likely of terrestrial origin.

An attempt to use the carbon:nitrogen ratios in particulate matter

to distinguish between terrestrial and marine sources of the organic matter

gave C:N ratios which range from 0.7 to 29.4, with a mean of 7.2. The

surface distribution of particulate carbon and nitrogen in the southeastern

Bering Shelf generally follows the same pattern as total suspended matter,

and C:N ratios indicate that the organic matter is of marine origin.
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Chapter V-3

HAZARDS

SEISMICITY

An analysis of earthquake intensities and recurrence rates (Meyers

et al., 1976b) has been added to the Bristol Bay epicenter data published

last year (Meyers, 1976a). No tsunamis have been recorded from Bristol

Bay (Cox et al., 1976).

Maximum earthquake intensities extrapolated from field data (1786-

1974) available in the Bristol Bay region (Fig. I-3-1) reach magnitude

9.0 along the northern shore of the Alaska Peninsula, 8.0 in central

Bristol Bay and 7.0 along the northern shores of Bristol Bay. Historical

earthquake recurrence rates are very low (a marked contrast to Gulf of

Alaska proposed lease areas) and also decrease northwards away from the

Alaska Peninsula. This reflects the fact that major underthrusting of

the Pacific Plate beneath the American Plate occurs along the Aleutian

Trench, south of the Alaska Peninsula.

Maximum historical earthquake recurrence rates within Bristol Bay

are as follows: 0.333 earthquakes per year of magnitude 4.5-4.9, per

year (1963-74 data at 55°N, 164 0W), and 0.021 earthquakes of magnitude

6.5 or greater, per year (1928-74 data at 560N, 162-164°W; Meyers et al.,

1976b).

COASTAL PROCESSES

Sallenger, Hunter and Dingler's (RU #431, April 1977) studies have

been directed towards a regional characterization of the Bering Sea coastal
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environment: determination of net littoral drift directions, characteri-

zation of coastal morphology and reconnaissance of beach morphology and

sediment characteristics.

Littoral drift is caused largely by waves and wave-drive currents,

aided locally by tidal and other currents. Directions of littoral drift

were determined from interpretation of coastal landforms based on studies

of maps and aerial photographs and observations from aircraft during two

summers. A problem encountered when applying this method is that some

coastal landforms mimic those produced by littoral drift, but in actuality

owe their form to other causes (e.g., geologic structure of bedrock);

other landforms give ambiguous indications of drift direction. The time

scale over which a particular landform may indicate the direction of net

littoral drift must also be carefully assessed. The types of landforms

used by Sallenger et al. to indicate drift direction include:

* Shoreline offsets -- offsets at groins, jetties, tidal

inlets and stream mouths

* Hooked bays

* Channel-mouth deflections

* Depositional bodies -- oblique bars, spits, cuspate
forelands and downdrift-tapering barriers

* Depositional ridges marking former shorelines

The interpreted net littoral drift directions based upon these various

landforms is shown in Fig. V-3-1. (More detailed maps are included with

RU #431, April 1977).

Net drift direction along the north coast of the Alaska Peninsula is

in general to the northeast with local reversals at embayments (Fig. V-3-1).

The coast can be divided into a series of coastal cells in which the con-

vergences of drift occur at the embayments and divergences of drift are a
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FIG. V-3-1. Interpretedenet littoral drift directions
along the coast of Bristol Bay (Sallenger,
Hunter and Dingier, RU #431, April 1977).



short distance (commonly ~ 10 km) northeast of each embayment. The long-

term effect of this littoral drift pattern is to straighten the coast by

eroding the headlands and filling in the embayments.

On the north side of the Bristol Bay (Fig. V-3-1) the net littoral

drift directions range between northeasterly and northwesterly depending

upon shoreline orientation. The positions of convergence within the coastal

cells are generally at the heads of embayments and divergence points are

at the headlands between embayments. As the tidal bulge moves into the

funnel-shaped embayments, it is amplified and extremely large tidal ranges

occur. For example, the difference between high and low tide is 5.9 m

at Clark's Point in Nushagak Bay and 5.0 m at Kvichak at the head of Kvichak

Bay.

Coastal morphology is evaluated by applying established criteria to

1 km segments of coast. Coastal physiographic features found within the

Bering Sea include tidal flats, beaches, barrier beaches (includes barrier

spits and islands), dune or beach ridges (whether found singly or in com-

plexes), erosional outcrops on beaches and bluffs or cliffs. From the

groupings of coastal physiographic features preliminary judgments on

whether the coast is erosional or accretional can be made.

The north coast of the Alaska Peninsula is a relatively straight

coastline segmented by six large and numerous smaller embayments, all

separated from the Bering Sea by barrier spits and islands. Between the

embayments are bluffs and cliffs in addition to other coastal types. The

coastline continues to be straightened by the embayments acting as deposi-

tional areas for the sediments removed from the bluffs and cliffs in be-

tween.
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A major part of the northerr portion of the Bristol Bay coast consists

of 3 km-wide tidal flats, which are generally absent south of Ugashik Bay.

Tidal flats make up 23% of the north coast of the Alaska Peninsula, barriers

24%, single beach ridges 32%, ridge complex 27%, and erosional or formerly

erosional bluffs, cliffs and beaches 38%. Ninety-six percent of the coast

is lined by beaches.

Between the Alaska Peninsula and the Kuskokwim Bay are a series of

funnel-shaped embayments, which in general are not closed off to the Bering

Sea by barrier spits or islands due in part to high current velocities.

The relative occurrence of the various coastal types is not reported along

this northern part of Bristol Bay.

Beach morphology and sediment characteristics. Stadia and level were

used to measure 42 beach profiles along the Bristol Bay coast of the Alaska

Peninsula during the 1976 field season. Grain size distribution studies

of the beaches were also conducted to ascertain the susceptibility of beach

material to erosion -- fine materials tend to be easily eroded while coarse

materials are more resistant. (Grain size is also a controlling variable

for the beach fauna and influences uses to which the beach can be put by

man.) Due to their bulk, the beach sediment samples had to be hand-sieved

in the field. Cumulative processing errors are believed to be small, and

probably within the range of sampling variability.

Beaches along the Bristol Bay coast of the Alaska Peninsula are modi-

fied to a great extent under non-storm conditions, due in part to the high

wave energy and the finer beach sediment of this region. Berm crest ele-

vations are relatively low (1-2 m) and can readily be overtopped during

spring tides. (This is in contrast with berm crests in the Norton Sound
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region, also studied in RU #431, which are higher and only overtopped

during relatively severe storms.)

Beaches are locally absent from the mouth of the Kvichak River to

the mouth of the Naknek River (south side of Kvichak Bay). Here, the

shoreline is a bluff eroded in fine-grained, peaty sediments that underlie

a low, wet tundra plain. Between the Naknek River and Ugashik Bay, the

beaches are gravels, sandy gravels, and pebbly sands. From Ugashik Bay

southeast to the western tip of Unimak Island the beach materials are

composed largely of medium sized sands made up of volcanic rock fragments.

Gravel beaches are restricted in occurrence (RU #431, p. 51, April 1977).

SEA ICE

Sea ice hazards in Bristol Bay are being examined by Stringer (RU #257,

April 1977). Bristol Bay is usually filled with new ice in winter. This

ice is formed along the north side of the Bay and moves seaward, out of

the Sound. As it moves into the Bering Sea, the ice can cause extensive

ridging along the Alaska Peninsula. Contiguous ice is found only on well

protected, shallow areas on the north coast of the Bay. The large tides

in this area are probably responsible for the limited distribution of

contiguous ice.

Burns et al. (RU #248/249, April 1977) state that an ice cover of new,

rafted ice occurs in large (greater than 100 m diameter) floes. Ridges

have low profiles and are probably formed from refrozen pancake ice.
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Chapter V-4

TRANSPORT

INTRODUCTION

OCSEAP research during the last reporting period (April 1976 to March

1977) consisted of hydrographic surveys, moored current meter measurements,

heat content estimates for the shelf waters, drift buoy trajectories and

numerical modeling. Much of the sampling occurred over the entire south-

eastern shelf and the shelf-break area. Both the Bristol Bay Basin and

St. George Basin lease areas and the area in between were covered during

the sampling. Most of the observations were made during the summer months.

In this chapter, all reported data from the southeastern Bering Sea are

summarized.

GENERAL HYDROGRAPHY

Hydrographic data obtained in June 1976 (two cruises, 161 stations)

and those obtained previously have been analyzed and preliminarily inter-

preted. In general, the waters over the shelf are characterized by differ-

ences in their vertical structure. Three distinct zones have been charac-

terized by differences in their vertical stratification (Schumacher,

Charnell and Coachman, RU #141, April 1977).

Coastal zone. Water is generally vertically well-mixed and property

distribution is nearly uniform. Only modest horizontal gradients of salin-

ity, reflecting localized freshwater input, have been noted.

Central shelf zone. Water is generally highly stratified and a two-

layered system is seen. This zone is separated from coastal waters by a

strong front, near the 50 m isobath. Currents appear to be stronger near

V-17



the front and are in a direction which suggests a counterclockwise flow

around the perimeters of the Bay.

Shelf break zone. This is an area where the central shelf waters

and the Bering Sea waters meet. Here the currents are strongest and flow

is to the northwest, parallel to local isobaths. Salinity distributions

indicate flow into the Bristol Bay along the Alaska Peninsula. A tempera-

ture (and density) "fine structure," of the order of 1-10 m, is also noted

in this zone. In March 1976 data, this "fine structure" layer showed

large subsurface density inversions (maximum negative gradient 55 x 10-6/m)

and was coherent for nearly 100 km. This condition is probably caused by

interleaving of the Bering Sea and Shelf water types by mesoscale wind

forcing.

CURRENT METER OBSERVATIONS

Extensive moored current meter data have been obtained from various

locations and analyzed by Schumacher et al. (RU #141, April 1977). The

mooring locations are shown in Fig. V-4-1 and mean current speeds and net

flow velocities are listed in Table V-4-1. Data are listed for winter and

summer conditions but, in some cases, considerable overlap exists in record

lengths and time of observations.

It is apparent from the data that net flow over the central shelf is

very small, especially in comparison to the coastal shoal or shelf-break

regions. The average net flow calculated from the upper current mooring

(15 to 40 m deep) records at five stations over the central shelf (Stations

2, 5, 6, 8 and 12) was only 0.7 cm/sec. In contrast, net flow near the

front area (Station 4) was 2.6 cm/sec and near the coast north of the Alaska

Peninsula (Station 14) it was 3.5 cm/sec. The strongest flows are indicated
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FIG. V-4-1. Current meter mooring locations in the SE
Bering Sea (Schumacher et al ., RU #141,
April 1977).



TABLE V-4-1

Mean and Net Flow From Moored Current Meter Data in

Southeastern Bering Sea (from RU #141, April 1977)
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near the shelf break north of Unimak Pass (Station 3) where a maximum

value of 17.2 cm/sec was observed. It is also reported that at Station 3,

flow bifurcates and moves both along the shelf break and into Bristol Bay

along the Alaska Peninsula. The highest percentage of transport is ex-

pected to be along the shelf break due to the consistency of flow in the

upper and lower moorings and current directions at Stations 3 and 13.

The part entering the Bristol Bay probably circulates along the 50 m

depth contour in a counterclockwise sense with moderate speed (see data

from Stations 14 and 15, Table V-4-1).

Winter records indicate inflow near Unimak Pass (Station 3) as in

the summer period indicating a consistent flow. Data are, however, very

few to make further generalizations.

High frequency flow fluctuations (only the dominant tidal bands,

24 hr and 12.5 hr, are considered) show that motion is dominantly east-

west. Nearly 75% of the diurnal flow and 63% of the semi-diurnal flow is

in the east-west direction. There is a great deal of variation in the mag-

nitude of the tidal energy throughout the Bay. Periods have been observed

when the tidal current signal has virtually disappeared. This situation

may occur due to interference by internal waves in the tidal frequencies.

Low frequency flow fluctuations show a periodicity of one month and

also a separation into two levels of energy, particularly in winter. The

overall range of speeds is 40 cm/sec with dominant periodic variation of

10 cm/sec. It is also noted that during winter fluctuation at northwestern

end of the Bay was 180° out of phase with the fluctuation at the south-

eastern end of the Bay. These fluctuations occurred when most of the Bay

was ice-covered. Further analysis of these data is continuing.
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LAGRANGIAN DRIFTERS

Hansen (RU #217, April 1977) released three drift buoys in the vicin-

ity of 56°30'N and 163°W (north of Cold Bay) on May 31. A 71-74 day

record was obtained. The collected data showed a very weak but spatially

coherent counterclockwise circulation but with a high degree of temporal

variability. Throughout June, for example, there was very little motion.

In early July, substantial movement eastward and southward were noted for

buoy #535. A predominantly northward path was noted in late July and early

August. These observations are in fair agreement with current meter records

from Station 6, except during the first two weeks of July when there was

little correspondence between buoy movement (east and south) and current

meter data (Schumacher et al., RU #141, April 1977).

HEAT BUDGET

An analysis of hydrographic data to evaluate the heat content of the

shelf waters and its seasonal variation was also conducted by Schumacher

et al. (RU #141, April 1977). Data sets from June, August and September

1976 were utilized in this analysis. CTD (conductivity-temperature-depth)

data, 1 m averages, were used to calculate heat content of the upper 50 m

of the water column. The local change in heat content was related to net

surface heat exchange (consisting of net insolation, net longwave radiation,

evaporative flux and conductive flux), horizontal advection and eddy thermal

conductivity. Advective terms were considered very small and neglected

in calculations. The calculation showed that in summer changes in heat

content were dominated by surface exchange with net insolation being the

most dominant factor. This observation is supported by weak net circulation,

variable and weak winds, and generally very little temperature gradient in
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the lower part of the water column. In winter, when winds are strong and

the air is cold, latent and sensible heat fluxes are likely to be larger.

In areas subject to ice formation, the surface heat exchange may be

drastically altered.

NUMERICAL MODELING

OCSEAP data collected to date have shown a generally weak and variable

net circulation over the shelf. Tidal currents dominate the flow regime.

Episodic current pulses, attributable to water movement on and off the shelf,

are, at least, partially responsible for the residual circulation. Modeling

studies have now been initiated to understand, simulate and predict the

circulation patterns over the shelf. Model results can also be utilized

to study transport and dispersion of larvae of the commercially important

fish as well as any discharged contaminants.

A numerical predictive model is being developed by Leendertse and Liu

(RU #435, April 1977). It is a three-dimensional finite difference model

that computes water levels, currents, salinity distributions and tempera-

ture distributions from boundary data inputs and initial conditions. The

Bristol Bay model is bound to the west and north by two open boundaries.

The land-based tide stations for this model are located at Dutch Harbor,

St. Paul Island and Anogok. So far work has been reported on making initial

adjustments to obtain approximate agreement of water levels and flows in

the model and in nature. The model has been extended to allow for time-

and spatially-varying open boundary conditions. A method to show vertical

velocity profiles has also been developed.

Galt (RU #140, April 1977) has reported preliminary results from a

numerical general circulation model for the Bering Sea. With an annual
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mean stress from the grid direction of northeast, contours for the stream

function for the whole Bering Sea show a cyclonic gyre in the western deep

basin. Transport in the eastern shelf region is much smaller. It is noted

that streamlines follow the bathymetry closely. When flow characteristics

in two seasons (represented by mean January and August properties) were

examined, the general cyclonic gyres in the deep basin were maintained in

both seasons. The intensity of the cross basin transport along the shelf

break is significantly different depending on the season. Furthermore,

the deep basin circulation in January shows three closed gyres which are

absent in August. It is reported that circulation in summer is primarily

driven by mass source-sink specified along the boundaries. It is also

noted that the closed gyres in the deep basin in January are direct con-

sequences of wind forcing.
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Chapter V-5

RECEPTORS

PLANKTON

Plankton studies in the Bristol Basin were conducted by Alexander

(RU #427, April 1977) and Cooney (RU #426, April 1977). These studies

were conducted in the southeastern Bering Sea slope and shelf areas and

as such, covered both the Bristol Basin and St. George Basin lease areas.

The studies were conducted to estimate plankton primary productivity,

species composition and richness and nutrient dynamics with special

reference to the seasonal ice edge. The data and results from these two

research units are summarized in the St. George Basin section of this

report. Out of the five station groups sampled by Alexander, Groups D

and E are representative of the Bristol Basin lease area. Moderate to

low levels of chlorophyll concentration were noted at Station Group D.

Station Group E, sampled later, showed large variability in both the

chlorophyll and primary productivity values, highest values were noted

at the station in ice, moderate values at the station near the ice edge

and lowest values at the station in ice-free area (Table VI-5-1).

Zooplankton samples were obtained only from Station Group D location.

Out of the 78 taxa identified from the eastern Bering Sea (four locations),

only 16 were reported at location D. One polychaete species, lesperone

complanata, was found only at this location.

Acoustic profiles, with a 100 kHz echo-sounder, showed a narrow band

of dense diffuse scattering layer at this station at about 90 m (10 m

above the bottom).

V-25



BENTHOS

Littoral Biota

Zimmerman et al. (RU #78/79, April 1977) have flown the coast of

Bristol Bay to ascertain major intertidal beach types (Table V-5-1).

The data are currently being used to produce an atlas of the area, which

will also include information on beach slope and biological cover. No

other OCSEAP-sponsored data on the littoral biota of Bristol Bay are

presently available.

Benthic Biota

Feder and Mueller (RU #282/301, Final Report, April 1977) have now

completed their summarization of existing literature and unpublished data

on the distribution, abundance and productivity of benthic organisms in

the Bering Sea. Six thousand, five hundred references have been located

and indexed; distributions of 30 widely distributed and abundant infaunal

species have been plotted (see NEGOA section of this report).

Feder's group (RU #281, April 1977) extended their benthic studies

into Bristol Bay in 1975 -- along with Hoskin (RU #290, April 1977), who

is examining benthos-sedimentary substrate interactions. A total of 77

widely dispersed permanent stations for quantitative grab sampling (pre-

dominantly infauna) have been established in the Bering Sea (Fig. V-5-1).

The joint National Marine Fisheries Service trawl survey on the R/V Miller

Freeman for investigation of epifaunal invertebrates and demersal fishes

in the Bering Sea (Pereyra et al., RU #175, October 1976) was effective,

and excellent coverage was achieved in the areas examined. Two hundred

eight stations were occupied by otter trawl in the Bering Sea in 1975 and

V-26



TABLE V-5-1

Number of miles and percentage of major intertidal substratum types in
Bristol Bay, from Port Moller north to Sheldon's Point of the Yukon
Delta (Zimmerman et al., RU #78/79, April 1977).
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FIG. V-5-1. The station grid occupied for the grab - station program in the
Bering Sea from May-September 1975 (Feder, RU #281, April 1977).
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104 stations were occupied by otter trawl in 1976. Integration of epi-

faunal information from these cruises with infaunal benthic data will

enhance understanding of the Bering Shelf ecosystems.

There is now a satisfactory data base for the invertebrate species

(infauna and epifauna) for that portion of the Bering Sea Shelf grid pro-

cessed to date (i.e., 59 stations). Six hundred forty-three species,

representing thirteen marine phyla are represented in the grab sample

collections. The important groups, in terms of number of species, are

the Annelida (180 species), Arthropods (129 species), Mollusca (109 species),

and Echinodermata (17 species). Two hundred twenty-five species have been

identified from the trawl material. Epifaunal invertebrate species most

commonly found at the 1975 trawling stations (Feder et al., RU #5/303, April

1976) were Asterias amurensis, Chionoecetes opilio, Neptunea spp., Buccinum

spp., Gorgonocephalus caryi, Pagurus ochotensis, P. trigonocheirus, Halo-

cynthia aurantium and H. igaboja (see Tables V-5-2 and 3). It is probable

that all infaunal and slow moving epifaunal species with numerical and bio-

mass importance were collected during the intensive sampling program of

the spring, summer, and early fall of 1975. It is assumed that mainly rare

species will be added to the list in the future.

Presently available benthos infauna data for special distribution

patterns have been analyzed using cluster analysis. Time permitted only

the analysis of station clusters using numbers of individuals and wet weights

as variables. No attempt was made to define clusters on a presence-absence

basis, nor were species groups (as opposed to station groups) analyzed.

Station groups resulting from clustering of untransformed counts are shown

in Fig. V-5-2.
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TABLE V-5-2

Numbers, Weight, and Density of the Major Epifaunal Species of Mollusca, Arthropoda, Echinordermata, and

Chordata (Ascidiacea) from the Bering Sea, 1975, Trawl Survey (Feder, RU #281, April 1977),



TABLE V-5-3

Numbers, Weight, and Density of the Major Epifaunal Species of Mollusca, Arthropoda, and Echinodermata
from the Bering Sea, 1976, Trawl Sruvey (Feder, RU #281, April 1977).



FIG. V-5-2. Station Groups defined by cluster analysis of untransformed number of

individuals/m per square meter (Feder, RU #281, April 1977, Appendix

VII).
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Two inshore station groups are apparent. That nearest to shore (Group

I) is characterized by medium to coarse sand sediment (size classes - sedi-

ment information from Hoskins, RU #290, April 1977) and a measurable

percentage of gravel. With the exception of Station 28 and several other

stations at the edges of the study area, these are the only stations over

the entire grid to yield a non-zero percentage of gravel. The further

offshore grouping (Group II) is mostly confined to water less than 25 m

in depth and is comprised entirely of fine to very fine sand sediments.

In mid-shelf waters, Station Groups III and IV appear. The sediments

associated with Group III are very fine sand to very fine silt, while

Station Group IV is characterized by very fine sand (based on data from

Stations 19 and 29 only). Finally, Station Group V emerges as a shelf

edge station group with its stations again showing very fine sand to very

fine silt.

Feder notes that at this point any attempts to state definite conclu-

sions about these data would be premature. It does seem as though distinct

nearshore, mid-shelf, and offshore station groups exist, but their bounda-

ries are unclear. In particular, the existence of the farthest inshore

station group and the boundaries of the one or two mid-shelf groups need

to be examined.

Feeding Biology

Information on feeding biology of most species collected by grab has

been compiled. Most of this information is from literature sources.

Food items of Bering Sea crabs differ from crabs in Cook Inlet. King crab
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in the former area were primarily taking Clinocardium, small snails and

ophiuroids; tanner crab (Chionoecetes bairdi) were taking mainly poly-

chaetes and ophiuroids.

The pollock, target of one of the world's largest fisheries in the

Bering Sea, is a very important link in the food web for that area. Small

pollock are the major food item of large pollock as well as several other

large predatory fishes and marine mammals. A preliminary food web based

on benthic invertebrates of the southeastern Bering Sea is presented in

Fig. V-5-3.

Man-made Debris on the Seafloor

An interesting sidelight to Feder's benthic studies was his collec-

tion and analysis of man-made debris brought up in trawl samples from the

Bering Sea floor (Table V-5-4 and Fig. V-5-4). Clearly the seafloor is

by no means pristine. Most of debris collected is probably derived from

fishing activities centered along the Bering Sea shelf break.

Commercial Shellfish Resources

Elements of the invertebrate macrofauna that are presently of direct

use to man are the king crab (Paralithodes), Tanner crab (Chionoecetes),

pandalid shrimp (Pandalus), and the snails.

The most important invertebrate resource currently exploited is com-

prised of the decapod crab families Lithodidae (king crabs) and Majidae

(tanner crabs). The red king crab (Paralithodes camtschatica) is the

major species harvested. The other two Lithodid crabs are the blue (P.

platypus) and golden (Lithodes aequispina) king crabs. These are among
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FIG. V-5-3. A food web based on the benthic invertebrates of the southeastern Bering Sea. Carbon
flows generally in the direction of the arrows. Bold lines indicate major food sources
based on frequency of occurrence (Feder, RU #281, April 1977).



TABLE V-5-4

Frequency of Occurrence of Man-Made Debris on the Bering Seafloor
(Feder, RU #281, April 1977)

FIG. V-5-4. Southeastern Bering Sea study area. Shaded area shows the location of

90% of the debris containing trawls (Feder, RU #281, April 1977).
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the largest of crab species, and together inhabit most regions of the con-

tinental shelf out to the slope. Two species of tanner crab, Chionoecetes

bairdi and c. opilio, and a hybrid of the two species, are known to inhabit

the continental shelf of the eastern Bering Sea. These are members of the

suborder Brachyura (true crabs). Several species of shrimp inhabit the

eastern Bering Sea, three of which are exploited commercially. These are

the pink (Pandalus borealis), humpback (P. goniurus), and sidestripe

(Pandalopsis dispar). Snails of particular importance are in two super-

families, Cymatiacea and Buccinacea.

Pereyra et al., (RU #175, October 1976) have recently completed an

outstanding and comprehensive review of demersal fish and shellfish re-

sources of the eastern Bering Sea in baseline year 1975. Because of the

length (619 pp) and complexity of the report, an adequate summary of its

contents is beyond the scope of this report. Instead, the types of data

provided are briefly outlined; the reader's attention is particularly

drawn to the excellent species distribution maps (illustrated in Fig. V-5-5).

Pereyra, Reeves and Bakkala's report contains:

* "Findings from a multi-vessel demersal trawl survey of
the fauna in the eastern Bering Sea (August-October 1975),

* A review of data from historical research vessel surveys
and commercial catch statistics, and

* A summarization of information from the literature per-
taining to commercially-important species of demersal
fish and shellfish.

The eastern Bering Sea is a productive ocean region con-
taining some of the largest fish, crab, and marine mammal stocks
in the world. Commercial harvests of fish have been comparable
to those of the northwest Atlantic and North Sea during recent
years. All of the major demersal stocks in the eastern Bering
Sea are presently fully-exploited, and in some cases overex-
ploited. King and tanner crab stocks appear to be maintaining
high yields.
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FIG. V-5-5. Distribution and relative abundance by weight of red king crab in the eastern Bering Sea,
1975 survey (Pereyra et al., RU #175, October 1976).



The 1975 baseline trawl survey was the most comprehensive
study of its kind in the eastern Bering Sea in terms of areal
coverage and extent of biological data collection. To be
added to these comprehensive data for 1975 will be those from
a similar survey conducted in the spring of 1976, to be reported
at a later date.

The results of the 1975 survey defined the distributions
and centers of abundance in August-September of each commercially-
important species of non-commercial species or species groups.
In addition, standing stock estimates and species composition
of the demersal fauna by geographic subdivisions of the eastern
Bering Sea were determined. Analysis of species associations
showed recurrent groupings of certain species having regional
distributional patterns (see Figs. V-5-6 and 7). Estimates of
biological characteristics for major species relationships and
growth characteristics are provided.

The 1975 baseline data, in conjunction with the results of
data analysis from historical research vessel surveys and the
literature review, contributes a great deal to knowledge of dis-
tributional patterns of the various species and their seasonal
and annual variations.

Long-term trends in relative abundance (CPUE) from review
of historical research vessel data indicate that while there
have been large variations in the apparent abundance of indi-
vidual species, the abundance of all invertebrates combined
showed relatively low variance during the period 1963-75.

From the combination of information sources, it was possible
to define areas of the eastern Bering Sea having major concentra-
tions of shellfish. Spawning and nursery areas have also been
described for certain species.

The area just north of the Alaska Peninsula in subareas 1
and 2 contains major concentrations of king and tanner crab, and
is the location of important U.S. crab fisheries. The area con-
tained 92% of the king crab biomass and substantial proportions
of the tanner crab biomass, although important concentrations of
tanner crab also exist north of these subareas.

The spawning areas of king crab lie along the immediate
north shore of the Alaska Peninsula. Juvenile crab occupy
coastal waters within this zone.

Information contained in the report has demonstrated the
dynamic nature of the species make-up of the eastern Bering Sea
community and the environment in which they live."
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FIG. V-5-6. Recurrent species groups and their relationships in the eastern
Bering Sea (BLM/OCS survey, 1975). Fractions indicate the ratio
of the number of observed species-pair affinities between groups
to the maximum number of possible connections (maximum possible
connections for any two groups = product of number of species
within both groups). Dotted lines indicate associated taxa
showing affinity with some group members, but not all (Pereyra
et al., RU #175, October 1976).
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FIG. V-5-7. Occurrences of recurrent group 1 in the eastern Bering Sea; see Fig. V-5-6 for species content
of group 1 (Pereyra et al., RU #175, October 1976).



FISH

The following paragraphs paraphrase and summarize the lengthy, com-

prehensive report of Pereyra et al. (RU #175, October 1976) on the demersal

fish of the eastern Bering Sea.

The eastern Bering Sea is one of the most biologically productive

regions in the world's oceans. It contains some of the largest marine

mammal, fish, and crab populations in the world. Almost all major fish

and shellfish resources in the eastern Bering Sea are presently under com-

mercial exploitation, principally by Japan and the Soviet Union. Since

1970 the annual catches of demersal fishery resources have exceeded 1.6

million mt and in 1972 peaked at 2.2 million mt.

This report is a description of what is known about the demersal fish

populations and their relative importance in the fisheries from a compila-

tion of various data sets and reports. In addition the results of an ex-

tensive baseline survey conducted in 1975 have been given.

During the past 20 years almost every major demersal fish population

in the eastern Bering Sea has come under commercial exploitation. The

abundance of several of these populations has been drastically reduced

through intense fishing effort; a few have shown signs of increase. Inter-

acting with affects of the fisheries has been the influence of natural

environment on survival as reflected in the occasional appearance of strong

year classes.

Circumstances not adequately understood arise which result in differ-

ential success of brood years. When year classes are strong, they are

responsible for sharp increases in biomass which benefit the fisheries on
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a temporary basis. The success or failure of a year class is believed to

occur during its first few months of existence when the young are in the

pelagic stage and most subject to the effects of the environmental varia-

tions.

Relatively strong year classes have been revealed from the examination

of various data sets for walleye pollock (Theragra chalcogramma), yellowfin

sole (Limanda aspera), rock sole (Lepidopsetta bilineata), and flathead

sole (Hippoglossoides elassodon) during the 1960s. For pollock these were

the 1966, 1967, and 1968 year classes, for yellowfin sole the 1966 and 1967

year classes, for rock sole the 1965 and 1966 year classes, and for flat-

head sole the 1966 year class. No strong year classes have been recognized

since then. It is significant that strong year classes developed among

these species in common years. Conditions in 1966 were apparently favorable

for the survival of young fish in their first year of life for all four

species. The unsteady nature of the pollock fisheries with rapid increases

in fishing effort, expansion of the fisheries into new grounds, and the

increasing reliance of the fisheries on young pollock (2 and 3 year old

fish) make it difficult to identify strong year classes. If any have

arisen since 1970, their numbers were probably rapidly reduced by the

intense foreign fisheries.

A cause and effect of population decline with fishing effort is strongly

supported by evidence gathered on the yellowfin sole fishery. It is esti-

mated that the exploitable stock of yellowfin sole had been about 1.8

million mt based on research survey data collected in the 1940s. Their

estimate approximated the 2.0 million mt given for the standing stock in

1959. Within a period of three years (1960-62), Japanese and Soviet Union
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trawl fisheries removed some 1.5 million mt of yellowfin sole from the

eastern Bering Sea. Thereafter, the catch declined drastically, as well

as the average size of the fish. Although strong year classes emerged

during the 1960s, which have accounted for recent population increases,

the stock remains below its productive potential.

Pollock is by far the most important demersal population in the

eastern Bering Sea in terms of biomass and landings in the fishery. Its

biomass as estimated from the 1975 baseline survey, was 2.4 million mt or

41% of the total demersal animal biomass available to the trawl gear.

This figure is definitely an underestimate since pollock is a semi-demersal

species; an unknown proportion of the pollock population was distributed

above the reach of the trawl and unavailable to the survey. Perhaps a

truer figure for the exploitable portion of the biomass would be 2.9

million mt, the upper level of the confidence interval of the estimate.

Pollock has of course been the mainstay of the foreign trawl fisheries

with average annual landings of 1.7 million mt during the years 1971-74,

representing 83% of the total average annual yield of all demersal animals.

Because of the condition of the pollock resource, U.S. scientists are

recommending a total allowable catch of 850 thousand mt. Yellowfin sole

is another species which contributes substantially to the eastern Bering

Sea commercial fishery biomass. Although relatively important in terms

of biomass, the contribution of sole to the total commercial catch of all

demersal forms is dwarfed by the large pollock removals.

Most of the important demersal populations of the eastern Bering Sea

are either fully exploited or overfished. Pollock may have a relatively

large biomass, but the exploitable population is composed mostly of young
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fish of ages 3 and younger. Reproductive potential is lower than when

the population had a greater number of older, more fecund fish; maturity

for most pollock is not reached until the age three and four. The failure

of one or two successive year classes in such a young population would

have disastrous consequences on population size and severely affect the

large trawl fisheries and the fish, birds and marine mammals which forage

on this species. The yellowfin sole population was substantially reduced

in the early 1960s; it now shows signs of recovering. Other overfished

stocks are those of Pacific Ocean perch (Sebastes alutus) and sablefish

(AnopZopoma fimbria).

In eastern Bering Sea fish populations, a bathymetric shift of adult

animals occurs from deep to shallow water in the spring and a counter-

movement later in the year. Differences in movements between the popula-

tions are in the actual depths and geographical areas involved. Seasonal

changes in the environment and the physiological condition of the animals

are important factors triggering these movements.

Several of the demersal fish populations winter along the upper slope

and outer part of the continental shelf of the southeastern Bering Sea

where water temperatures are relatively warm and uniform throughout the

year. Pollock, Pacific halibut (Hippoglossus stenolepis), and flathead

sole spawn in this region during the winter and early spring. Although

yellowfin sole are concentrated here during the winter, this species spawns

later during the summer in shallower waters of the shelf. With the approach

of spring these wintering populations begin moving into shallower waters

of the shelf where they are joined by other migrating and feeding fish,

such as Pacific cod (Gadus macrocephalus) and rock sole. By summer,
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accumulations of these fish are found throughout the shelf region. Pollock,

cod, halibut, and yellowfin sole appear to have the most extensive move-

ments of the fish populations of the eastern Bering Sea.

The distributions of the populations during the summer months are

often closely associated with temperature conditions. During cold years

(1971-75), cod and pollock were not as available on the inner shelf of the

southeastern Bering Sea during spring and summer months as they were in

warm years (1965-1970). The pollock fishery supports these observations,

noting that the Japanese fished quite extensively in the southeastern shelf

region during the summer months of 1967 and 1969 when landings of pollock

were relatively high. Since 1970, the Japanese pollock fishery has not

operated on the shelf region to the extent it did during the warm years.

Caution is advised, however, in this relationship of temperature conditions

with the availability of pollock and cod. The populations of both these

species have been reduced, particularly the older ages of pollock and perhaps

those of cod. It may be that the older fish are more involved with the

movements on to the inner shelf in the summer than younger fish, and the

depletion of older fish may explain the low availability of pollock and cod

on the inner shelf in recent years.

Although there are seasonal shifts in population distributional patterns,

physical separation of species populations belonging to the same phylogentic

group may be maintained. Concentrations of halibut (Reinhardtius hippo-

glossoides) and arrowtooth flounder of Greenland are separated by species.

For these closely related large flounder species there is generally a north-

south separation of the species. Among small flounder species, the geo-

graphical separation may not be as distinct but the availability of these
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species from the 1975 baseline surveys reveals that each flounder species

was concentrated at different depth zones, i.e., flathead sole on the outer

shelf, yellowfin sole at intermediate depths, and longhead dab (L. proboscidea)

at shallower depth.

Because of seasonal movements, the locations of accumulations of fish

vary, as does the area of the commercial fisheries. In the past, the most

productive fishing region in the eastern Bering Sea has been the Halibut

Conservations areas A and B; triangular area located between the PribiloF

Islands and Unimak Pass. Winter to spring fisheries removed vast amounts

of fish from this region each year. Foreign fisheries targeted on pollock

and yellowfin sole and took incidental but significant catches of Pacific

halibut and other bottomfish. This region also contains the traditional

fishing grounds of the North American halibut setline fisheries. Also

during the summer months, substantial amounts of bottomfish are removed

from this region by the fisheries. The 1975 baseline survey found that

this North Triangle region contained some 31% of the fish biomass for the

total survey area and that demersal fish density was the highest of areas

sampled.

Another region of bottomfish abundance is the shelf area extending

from the Alaska Peninsula north to the vicinity of Nunivak Island. A

tongue of cold bottom water of 0°C and less, the southern extent of which

varies year to year, penetrates into this region from the north. It

apparently acts as a barrier, since relatively few bottomfish were found

there during the 1975 baseline survey. South and east of this cold bottom

water, flounders accumulate. This region contained the highest biomass
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of flounders (75% of the total) during the 1975 baseline survey. Important

foreign fisheries on flounders, mainly yellowfin sole, occurred here in

the period 1959-1969.

Another important region for the concentration of commercial animals

during the summer is northwest of the Pribilof Islands along the outer

shelf and upper slope and extending towards Cape Navarin. Pollock move

into this region during the summer and remain there at least until early

fall. This has been a very productive fishing area for the Japanese

during the summer to early fall period. In 1973 and 1974, the Japanese

fisheries harvested 1,128,000 and 715,000 mt of pollock, respectively,

from this region. During the 1975 baseline survey 48% of the pollock bio-

mass for the total survey area was estimated to reside in this region.

The region also contains important concentrations of Pacific Ocean perch

and sablefish.

In summary there are major seasonal shifts in biomass through the move-

ment of mainly adult animals. In general, the fisheries follow these

seasonal shifts. Important regions in terms of both biomass of commercial

bottom animals and the fisheries, are (1) the southeastern Bering shelf and

slope north of the Alaska Peninsula to the Pribilof Islands, and (2) the

outer shelf and upper slope extending northwest of the Pribilof Islands

towards Cape Navarin.

The spawning areas of only a few demersal fish populations in the

eastern Bering Sea are known. Several species spawn on the continental

slope of the Bering Sea Shelf during winter months. These are sablefish

and the large-mouth flounders, Pacific halibut, Greenland halibut, and

arrowtooth flounder. Spawning locations are not well-defined for these

V-48



species; however, the slope region south of the Pribilof Islands may be

an important site for Pacific halibut. Major spawning areas for pollock

lie along the outer continental shelf between the Pribilof Islands and

Unimak Pass. Another spawning area, but perhaps of lesser importance, is

located west and northwest of the Pribilof Islands.

The spawning of yellowfin sole, rock sole, flathead sole, Alaska

plaice (Pleuronectes quadrituberculatus), and longhead dab are confined

to shelf waters. Ichthyoplankton survey results suggest that yellowfin

sole spawning occurs over an extensive area of the inner shelf during the

summer months, the precise location varying from year to year. Rock sole

and flathead sole spawn at intermediate and outer shelf depths. Rock sole

is unique among most Bering Sea flounders in depositing demersal eggs.

Knowledge as to the distribution of the juveniles during their first

year of life is fragmentary. After the pelagic stage, the settling of

the young of several flounder species (Pacific halibut, yellowfin sole,

rock sole, and others) and king crab takes place in shallow waters of the

shelf. As the young of most fish species develop they move into deeper

water. Very young king crab typically inhabit the littoral zone of exposed

coastal areas. Later, along the inshore waters from low tide to perhaps

depths of 30 m. Among flounders, the young of Pacific halibut and yellowfin

sole have been captured during trawl surveys by the International Pacific

Halibut Commission in nearshore waters along the Alaska Peninsula. Using

small mesh trawls, International Pacific Halibut Commission scientists

caught relatively large numbers of one and two year old halibut in these

areas. No 0-group halibut were found, which may be due to the selectivity
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of the trawl or to the possibility these young fish were at depths shallower

than sampled. Young yellowfin sole of less than 10 cm in length have been

observed during these surveys.

Most shelf waters of the eastern Bering Sea support developing juveniles.

The region north of the Alaska Peninsula is important for the young of

Pacific halibut and yellowfin sole. Results from the 1975 baseline survey

suggests that this region is also important for young rock sole. Survey

results showed that young rock sole were only found in substantial numbers

in shelf waters which lie just north of the Alaska Peninsula. Young yellowfin

sole were also found in this area, but were restricted to inner shelf waters

along the Alaska Peninsula and northwards to the vicinity of Nunivak Island.

Considerable numbers of 1 year old pollock were caught during the 1975

baseline survey from outer shelf depths west and northwest of the Pribilof

Islands, where they comprised 81% of the estimated number of pollock.

Young pollock were also found in fair numbers in other survey areas with

the exception of the area located west of St. Matthew Island.

In summary, the spawning areas of most demersal fish populations in

the eastern Bering Sea are not known or are poorly defined. Virtually

nothing is known about the duration of the pelagic life of fish larvae.

Nursery areas are found throughout most of the eastern Bering Sea and vary

by species. For most flounders the young are taken from the shallower

depth range of the species. One year old pollock, however, were most abun-

dant from the outer continental shelf depths north and northwest of the

Pribilof Islands.
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Feder et al. (RU #281/5/303, April 1977) report that the fish of the

Bering Sea show a variety of food preferences. Pacific cod feed primarily

on pandalid shrimp; whereas, the sculpin, Hemilipidotus papiZio, preys

on a variety of food organisms, including polychaetes, amphipods, walleye

pollock and other fish. Myoxocephalus spp. (sculpin) as in Lower Cook

Inlet prefers tanner and other crabs.

Pollock appear to be essential prey for a host of fish and marine

mammals. Feeding on plankton, shrimp and small fish, juvenile pollock are

also a major energy source for larger pollock.

Feder et al. (RU #281/5/303, April 1977) also found that flatfish

primarily consume polychaetes, pelecypods and amphipods.

Fish feeding observations by Smith et al. (RU #284, April 1977) indi-

cate that flathead sole collected in the southeastern Bering Sea consume

primarily benthic invertebrates. Whereas, ophiuroids and euphausiids almost

exclusively dominated the diets of NEGOA caught sole, mysid and pandalid

shrimps and clams were most frequent in fish collected in the southeast

Bering. Amphipods, ophiuroids and pollock were also common.

In all of rock sole stomachs analyzed, the most frequently occurring

prey were polychaetes. Pelecypods and amphipods were next in importance

and occurred in 15% of the guts analyzed. Other lesser important but

equally occurring food items were gastropods, euphausiids, decapods,

ophiuroids and telecast fish.

In addition to the data on feeding habits of halibut reported in

Smith (RU #284, April 1976), Smith et al. (RU #284, April 1977) have sum-

marized additional data on stomach contents collected by the International

Pacific Halibut Commission. These data indicate that the principal food
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organisms were shrimp, fish parts, sandlance and crab. Other components

in the halibut diet were sculpin, cod, poaches, sandfish, tanner crab,

amphipods and smelt.

Smith et al. (RU #284, April 1977) report that pollock spawn from

May to mid-July during which time feeding is thought to cease. These in-

vestigators also noted that pollock feed largely in the water column, con-

suming principally euphausiids and amphipods. Benthic organisms were

occasionally found in the diet of this species. These data are comparable

to the stomach contents of pollock collected in the Gulf of Alaska (see

the 1975-76 Annual Report Summary, NOAA/SAI 1976).

Stern et al. (RU #483, November 1976) report that all five Pacific

salmon species and the Pacific char (probably Dolly Varden or Arctic char)

inhabit this area. However, data are generally lacking on the distribution,

abundance, migration and timing of char.

Alaskan commercial fisheries are responsible for most of the salmon

exploitation. The Japanese mothership fishery, which operates off the

shelf and west of 175°W longitude, also takes some western Alaskan salmon.

It is estimated that this fishery takes from 3 to 37% of all Bristol Bay

reared sockeye salmon (Oncorhynchus nerka); from 1956-73, the average

catch has been about 12%. Sport and subsistence fishing account for small

parts of the total Bristol Basin salmon catch.

From 1925-75, Alaskan commercial catch statistics show that sockeye

salmon is the most important species; sockeye catch peaked in 1938 with

24.7 million fish caught (Sterns et al., RU #483, November 1976). Since

then, the catch rates have decreased substantially, a low of 0.8 million

fish were taken in 1973. However, new legal regulations and management
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restrictions have caused more of the decrease than is actually reflected

by the decreasing abundance of salmon.

Following sockeye salmon, the even year pink (0. gorbuscha) salmon

race is next in abundance, followed by chum salmon (o. keta). Since 1966,

both of these species have contributed an average of 0.5 million fish to

the total commercial salmon catch. Coho (0. kisutch) and chinook (0.

tshawytscha) are substantially lower in abundance than the other three

species. The coho catch averaged 0.02 million fish through 1950; catch

rates have fluctuated markedly since then. Chinook salmon catches have

been increasing steadily since 1935; 0.14 million fish were caught in 1970.

Stern et al. (RU #483, November 1976) reports that from 1955-75 the

average salmon catch was 9.5 million fish.

The status of the salmon runs are dependent on the number which escape

commercial fishing nets. For the period 1952-75, the average salmon escape-

ment has been estimated at 11 million individuals; during this same period

sockeye escapement has averaged 9.1 million fish.

On the basis of total catch and estimated escapement, the total salmon

runs for the past 21 years (1955-75) has averaged 19.6 million fish. The

maximum potential run, estimated from peak numbers for each species, has

been set at 38.6 million fish. This number, however, does not include

the Japanese mothership catch, which could increase the potential run by

an average of 12%.

Within Bristol Basin, catch statistics are reported on a statistical

area basis. From the data it is evident that the area from Cape Newenham

to Ugashik Bay is most important to western Alaska salmon production.

From 1955-75, the average run has been 18.3 million fish, with the peak
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run estimated at 32.4 million individuals. Natal streams which empty

into Kuichak and Nushagak Bays contribute 80% of the area's total salmon

production; the Kuichak system provides 50% of all salmon production in

this proposed lease area. Sockeye salmon account for 86% of the salmon

production; even year pink and chum salmon comprise the remainder.

Along the Alaska Peninsula from Unimak Pass to Ugashik Bay the total

salmon run was 1.1 million fish, of which, 60% is sockeye and 30% is chum.

A peak population of 3.7 million spawners is considered possible for this

area. The Aleutian Island statistical area is discussed in the St. George

Basin section of this report.

Salmonid spawners moving to natal streams segregate into various

races which destine them to particular streams or areas within the stream.

The arrival of spawners begins in mid-June, with peak numbers occurring

in early to mid-July, and the run usually ends by late September. Pink

and chum salmon usually arrive first, followed by sockeye and chinook and

finally in early August the arrival of coho spawners. Although sockeye

constitute 80% of the total salmon run in Bristol Bay, the majority of the

run passes within three weeks.

The sockeye spawning migration enters Bristol Basin through the

Aleutian Passes from late May through July. After moving through the

passes, the migration segregates into two pathways, both of which is

destined for Bristol Bay. Only those fish destined to enter streams along

the Alaska Peninsula move into nearshore areas. The primary route is

through the southern half of the Basin. As the run approaches Bristol Bay,

segregation becomes more intense, isolating races destined to Nushagak

Bay to the west side of the inner Bay. Those headed for streams in Ugashik
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and Egegik Bays concentrate along the east side of inner Bristol Bay.

Naknek-Kuichak stocks remain in the central zones of the Basin until the

spawners reach Kuichak Bay. Similar data on pink, chum, coho and chinook

salmon are not available (Stern et al., RU #483, November 1976).

Juvenile salmonids enter the eastern Bering Sea from the natal streams

dispersed throughout Bristol Bay and the Alaska Peninsula. It is estimated

that an average of 582 million salmon smolts are produced each year in

these streams. As with the adults, sockeye smolts account for most of the

juvenile fish production.

Juvenile sockeye enter the marine environment from mid-May to mid-July,

timing of which is dependent on climatic and genetic factors. Data are

too limited to describe the timing of the outmigration of other species;

however, it is considered that these species also enter the marine waters

during spring and summer (Stern et al., RU #483, November 1976). Juvenile

sockeye are abundant in Bristol Bay from late May through early August.

The distribution is dependent on the time of the outmigration and the

region of entry into Bristol Bay. The offshore movement of sockeye juveniles

probably occurs in fall or early winter.

The migratory pathway of juvenile sockeye is along the southeast side

of Bristol Bay and along the north coast of the Alaska Peninsula. Juveniles

occupy the nearshore waters out to 110 km and are most abundant from 18 to

55 km offshore. Beyond Port Moller, it appears that juvenile sockeye

leave the coastal waters and distribute throughout the eastern Bering and

then into the North Pacific.

(Additional information on the diets of demersal fish from Alaskan

marine waters is discussed in the NEGOA section of this report.)
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FORAGE FISH

Barton et al. (RU #19, April 1977) investigated distribution, abun-

dance, demography, habitats, reproduction and human utilization of forage

fishes in Bristol Bay. Emphasis was upon Pacific herring but considerable

data were also obtained on capelin, boreal smelt and eulachon.

Subsistence Catch

Fourteen villages between Cape Newenham and the Yukon Delta were sur-

veyed by questionnaire to determine subsistence catch. More than 90% of

the catch by weight was herring. Boreal smelt was the next most important

species (30% of total), followed by whitefish, capelin, pike and tomcod.

The herring catch per fishing family ranges up to nearly 4,000 Ibs.

The authors also interviewed residents of four villages on the Alaska

Peninsula coast of Bristol Bay. Results of these interviews indicate that

the subsistence catch of herring is negligible in this area. Quantities

of boreal smelt and capelin are taken, mainly for sport, with cast nets,

dip nets, buckets and by hand.

Commercial Utilization

The only commercial fishing for herring (or other forage fish) in

Bristol Bay in 1976 was a roe-on-kelp operation conducted in Metervik Bay.

The bulk of the harvest was roe on Fucus, but some roe on Laminaria was

also taken. Total wholesale value of the harvest was $127,000, which

is down from the previous two years.
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Schooling and Spawning

In the areas north of Ugashik Bay, schooling herring were observed

from late May to mid-June. First spawning activity was detected on 29 May

in Metervik Bay. Peak of spawning in Metervik Bay occurred from 1-3 June.

Fucus was the preferred substrate. Schools were classified as small

(< 50 m2 surface areas), medium (50-450 m2) and large (> 450 m 2). About

66% of the schools that were observed and classified were estimated to be

small, 33% large and 1% medium.

Capelin were second in abundance to herring among forage fish. Capelin

spawning habitats were primarily clean, fine-grained beaches. Herring,

by contrast, preferred rocky substrate covered with Fucus. Herring also

spawned on other substrates, including Laminaria, bare rocks and gill nets.

As would be anticipated, fecundity of female herring increases with body

size.

Wall and Macy (RU #64/354, September 1976) have reviewed the literature

and are evaluating data sources on the abundance and distribution of non-

salmonid pelagic fish in the Gulf of Alaska and Bering Sea. (See discussion

in the NEGOA section of this report.)
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BIRDS

OCSEAP studies of birds in the Bristol Bay region during the reporting

period included: (1) site-specific observations of breeding, migration,

molt, habitat utilization and colony sites at Nelson Lagoon, Port Moller,

Herendeen Bay and Cape Peirce (Bartonek et al., RU #341/342, Parts 12 and

13, April 1977), (2) aerial surveys documenting coastal habitats and their

utilization by birds on the Alaska Peninsula (Arneson, RU #3, December

1976 and April 1977), (3) identification of previously unrecognized seabird

colonies on Unimak Island (Bartonek et al., RU #338), (4) distribution and

abundance of shearwaters (Myres and Guzman, RU #239, April 1977), (5)

seasonal densities of birds on pelagic waters (Bartonek et al., RU #337,

April 1977), and (6) trophic relationships of marine birds (Sanger, RU #77,

Final Report, September 1976; Sanger and Baird, RU #77, April 1977;

Laevastu et al., RU #77, September 1976).

Alaska Peninsula (Southern Bristol Bay)

Bartonek et al. (RU #341, Part 12, April 1977) identified 82 species

of seabirds, shorebirds and waterfowl in the Nelson Lagoon-Port Moller-

Herendeen Bay region. A summary of their observations on status and

habitats of these species is presented in Table V-5-5. They paid particu-

lar attention to shorebirds, obtaining detailed data on habitat preferences

(Table V-5-6) and seasonal abundance (Figs. V-5-8 and 9) of several species.

Arneson (RU #3, April 1977) surveyed the coast of Bristol Bay and

identified areas that he considers to be critical avian habitats (Fig.

V-5-10). On the Alaska Peninsula, Arneson (loc. cit.) stresses the impor-

tance of the well known migrating staging areas in the estuaries of Ugashik,

Cinder River/Hook Inlet, Port Heiden, Seal Islands, Nelson Lagoon/Mud Bay
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TABLE V-5-5

Birds of the Nelson Lagoon-Port Moller-Herendeen Bay Region of the Alaska Peninsula
(after Bartonek et al., RU #341/342, Part 12, April 1977).
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TABLE V-5-5 (continued)
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TABLE V-5-5 (continued)
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TABLE V-5-5 (continued)
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TABLE V-5-6. Percent shorebird composition by substrate type from 16 aerial censuses, 1 July -
1 December 1976, Nelson Lagoon, Alaska (Bartonek et al., RU #341/342, Part 12,
April 1977).



FIG. V-5-8. Comparative temporal abundance of 20 shorebird species at Nelson

Lagoon, 22 April - 1 December 1976. Species histograms incorporate aerial
as well as ground census data obtained prior to migratory buildups be-
ginning in late June. Numbers prior to 1 July do not necessarily reflect
overall shorebird use of the study area but do accurately reflect timing

of migratory buildups. Species noted by asterisk nested on the study area
(Bartonek et al., RU #341/342, Part 12, April 1977).
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FIG. V-5-9. Peak periods of migration and approximate total numbers of
shorebirds on all census areas ([open square]), on census area II (*)
and on census area III (*). Census area II incorporates
ground census data prior to 1 July (Bartonek et al., RU #341/
342, Part 12, April 1977).
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FIG. V-5-10. Critical coastal habitats for waterbirds of Bristol
Bay (from Arneson, RU #3, April 1977).



and Izembek/Moffat Lagoons. He also indicates on the basis of his surveys

that Bechevin Bay is "of great importance to migrating birds." Arneson

found that, during fall migration, avifauna in estuaries on the Alaska

Peninsula was dominated by waterfowl, followed in abundance by shorebirds

and gulls (Fig. V-5-11).

According to Arneson (loc. cit.), the only substantial colony area

on the north side of the Alaska Peninsula is located on the north end of

Amak Island and on two small islands north of Amak. This judgment is based

on information by Lensink and Bartonek (RU #338, April 1976). However,

Bartonek and Lensink (RU #338, April 1977) also report two moderately

large colonies on the north side of Unimak Island, one of about 10,000

cormorants, murres and black-legged kittiwakes at Cape Mordvinof and another

of about 1,000 redfaced cormorants at Cave Point.

Northern Bristol Bay

Arneson (RU #3, April 1977) describes avian utilization of northern

Bristol Bay as follows:

Seabird colonies on cliffs of Cape Newenham constitute one of
the largest concentrations in the North Pacific. Species
composition totals of the one major and five secondary colonies
included: 309,110 murres, 71,460 black-legged kittiwakes,
5,000 tufted puffins, 790 cormorants, 500 glaucous-winged gulls,
and 252 horned puffins. Nearby Cape Peirce and Shaiak Island
colonies add 139,498 birds to the total, most of which are
murres and kittiwakes.

Walrus Islands are another area of prime importance to birds,
supporting three primary and two secondary seabird colonies.
The largest is on North Twin where an estimated 521,000 murres
reside in summer. Other common species are black-legged kitti-
wakes, tufted puffins and cormorants. The combined total in
a relatively small area is over 1.5 million birds.

From a survey done in spring 1976, two areas were judged impor-
tant migration staging areas and several others are possibly
important. Large numbers of sea and diving ducks, particularly
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FIG. V-5-11. Relative abundance of seven major estuaries on the

Bristol Bay coast of Alaska Peninsula, 13-16

October, 1976 (from Arneson, RU #3, 1976c).



scaup, were rafting in salt water of Nushagak Bay while they
waited for breeding areas to thaw. Over 2,000 scaup were seen
on Flounder Flats. Additional waterfowl and larids were at
the mouths of Nushagak, Wood, Snake and Igushik Rivers.
Several thousand black brant and other waterfowl were found
staging in Nanvak Bay also. Many birds were found in Kulukak
Bay especially at the floodplain of the Kanik River and at
Osviak Bay. These areas would have to be looked at more fre-
quently to determine the degree of bird usage. Past fall surveys
indicated both Nanvak Bay and Kanik River as staging areas.

During severe winters this area is frozen so there would be
minimal bird usage. It is not known what birds would be present
in mild winters but I suspect that some sea duck concentrations
may inhabit the area. However, no areas could be classified
critical winter habitat.

In the vicinity of Shaiak Island and Cape Peirce, 15 families and

93 species of seabirds, shorebirds, waterfowl and raptors have been identi-

fied since 1963 (Table V-5-7). From 28 April to 9 September 1976, Petersen

and Sigman studied aspects of migration, seabird breeding biology, and

waterfowl molting in this region (Bartonek et al., RU #341/342, Part 13,

April 1977). They reported the following facts:

The most abundant species of seabirds nesting at Cape Peirce
are black-legged kittiwakes and common murres. The number of
murres is estimated at 500,000 to 1,000,000 and the number of
kittiwakes at 100,000 to 200,000. Smaller numbers nest on
Shaiak Island, where breeding chronology and success were evalu-
ated (Table V-5-8). The authors believe that predation by
ravens and red foxes was the main cause of egg and chick losses.
Other potential predators on seabirds in the area were the bald
eagle, rough-legged hawk, gyrfalcon, peregrine falcon and glaucous-
winged gull. Two red foxes introduced into Shaiak Island de-
stroyed all accessible seabird nests, i.e., those located on
level or sloping terrain and on accessible portions of cliffs.

Observations of spring migration are in Table V-5-9. The king eider

was the most abundant species migrating through the study area. Flocks

of up to 650 king eiders were recorded and flocks of 200-300 were common

early in the migration. After 12 May, king eider flocks were smaller

(<= 100 birds) and were dominated by subadult birds.
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TABLE V-5- 7

Seabirds, Shorebirds, Waterfowl and Raptors Observed at Cape Peirce,
1963-1976 (after Bartonek et al., RU #341/342, Part 13, April 1977)
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TABLE V-5-7 (continued)
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TABLE V-5-8

Breeding Chronology and Success of Seabirds on Shaiak Island, 1976
(from Bartonek et al., RU #341/342, Part 13, April 1977)



TABLE V-5-9

Spring Migration of Common Species by Cape Peirce Peninsula
(Bartonek et al., RU #341/342, Part 13, April 1977)
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Flocks of migrating pintail and white-winged scoters consisted almost

entirely of males, whereas oldsquaw flocks were predominantly female.

Other ducks migrated in flocks of equal sex ratio. Several species of

seaducks molted in the area (Table V-5-10). Their foraging areas are

shown in Fig. V-5-12.

Pelagic Observations

Bartonek et al. (RU #337, Part 1, April 1977) conducted shipboard

surveys of birds on pelagic waters of Bristol Bay in spring and summer

1976. During these surveys 35 avian species were detected. Murres,

fulmars and black-legged kittiwakes were present during every month sampled.

Shearwaters were the most abundant birds present from May through July,

whereas murres predominated in February and March (Table V-5-11). Murres

abound in this region in winter, along the southern edge of the ice front.

Eiders and scoters also are present along coasts of this area throughout

the year (Bartonek et al., RU #337, Part 2, April 1977), though they were

not detected in all shipboard censuses (Table V-5-11). Fulmars and fork-

tailed petrels tended to occur in areas over and beyond the shelf break.

Myres and Guzman (RU #239, April 1977) recorded shearwater concentra-

tions of up to more than 50,000 birds along the southern coast of Bristol

Bay in June 1976. They observed smaller concentrations of 1,000-10,000

birds in outer Bristol Bay in August.

Trophic Relationships

Trophic relationships of marine birds in the eastern Bering Sea are

being evaluated by Sanger and Baird (RU #77, Part 2, Final Report, April

1977; RU #341/342, Part 14, April 1977). Principal prey are fish, squid,
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TABLE V-5-10

Molting Dates of Non-Breeding Waterfowl around Cape Peirce, 1976
(from Bartonek et al., RU #341/342, Part 13, April 1977)
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TABLE V-5-11

Relative Density of Seabirds in the Bristol Bay Area From Shipboard Transects

(Bartonek et al., RU #337, Part 1, April 1977)



TABLE V-5-11 (continued)



FIG. V-5-12. Feeding areas of seaducks in the vicinity of Cape Peirce (from Bartonek et al., RU #341/342,Part 13, April 1977).



and nektonic crustacea (Fig. V-5-13). Shearwaters are the most abundant

seabirds in this region, followed by murres and fulmars (Table V-5-12).

Murres and shearwaters were selected for particularly detailed attention

because of their relatively great importance in the Bering Sea ecosystem.

Estimates of their numbers, density and biomass by season are presented

in Table V-5-13; their feeding methods are compared in Table V-5-14; and

their food habits are compared in Table V-5-15. Shearwaters are migratory,

breeding in the southern hemisphere and spending the boreal summer in the

north Pacific, whereas murres reside in the Bering Sea the year-round

(Fig. V-5-14). Locations and estimated sizes of colonies of the two species

of murre in the eastern Bering Sea are given in Table V-5-16.

In modeling the eastern Bering Sea ecosystem, Laevastu et al. (loc.

cit.; see also St. George Basin section of this report) assume the diets

of murres and shearwaters to be as follows:

Murres: 10% small herring, 30% other small fish,
30% benthos and 30% other.

Shearwaters: 50% euphausiids, 10% small herring,
10% small pollock and 30% other small
fish.

Laevastu et al. (loc. cit.) conservatively estimate that these birds

consume 8% of body weight daily. Estimated peak biomasses are 4,000 metric

tons for murres and 5,000 mt for shearwaters (Sanger and Baird, loc. cit.).

At this peak period (April-May for both species), murres would consume

328 mt and shearwaters 400 mt of fish, squid and crustaceans per day.

These figures probably are too low, since it is likely that both daily

food consumption per bird and population sizes of murres and shearwaters

are underestimated. Food consumption estimates are usually about 20% of
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FIG. V-5-13. Frequency of occurrence of fish, squid and nektonic crustacea in the
stomachs of 14 species of marine birds collected in Alaskan waters
between 1969 and 1976. Sample sizes indicated above graph of each
species (Bartonek et al., RU #337, Part 14, April 1977).
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TABLE V-5-12

Abundance of Selected Marine Bird Species in the Eastern Bering Sea
(Bartonek et al., RU #341/342, Part 14, April 1977)
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TABLE V-5-13

Seasonal changes in estimated numbers at sea and their biomass for short-tailed shearwaters* and
murres in the eastern Bering Sea. Adapted from Shuntov (1972) and Sanger and King (in press).
Population sizes assume the eastern Bering Sea shelf is one million km² (from Sanger and Baird,RU #77, Part 2, April 1977).



TABLE V-5-14

Summary of Feeding Behavior and Methods by Murres and Shearwaters
(from Sanger and Baird, RU #77, Part 2, April 1977)



TABLE V-5-15

Feeding Habits of Murres (Uria spp.) and Short-tailed Shearwaters
in the Eastern Bering Sea (adapted from Ogi and Tsujita 1973)

(from Sanger and Baird, RU #77, Part 2, April 1977)
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FIG. V-5-14. Monthly abundance of shearwater and murres in eastern
Bering Sea (from Laevastu et al., RU #77, September
1976).
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TABLE V-5-16

Locations and estimated sizes* of colonies of murres in the eastern Bering Sea.X = species present as a breeder; P = species present but not breeding.
(from Sanger and Baird, RU #77, Part 2, Final Report, April 1977)
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body weight (Sanger et al., loc. cit.). Furthermore, a single grouping

of 10 million shearwaters was reported near the Pribilofs in 1975 (Guzman,

RU #239, April 1976), whereas in the model described above the entire

eastern Bering Sea population is estimated to be 10 million birds.

Numbers, biomass, feeding behavior and foods of other major seabird

species in the eastern Bering Sea are indicated in Tables V-5-17, 18, and

19. An idea of the complexity of seabird food relationships can be gleaned

from Fig. V-5-15, illustrating the food web of the parakeet auklet.
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TABLE V-5-17

Seasonal changes in estimated numbers at sen and their bionass for northern Iulmrrs, glaucous-

winged gulls, black-legged kittiwakes and alcids other than murres in the eastern Bering Sea.

Adapted from Shuntov 1972, and San er and King in nress. Population sizes assume the eastern

Bering Sea shelf is one million km² (from Sanger and Baird, RU #77, Part 2, April 1977).



TABLE V-5-18

Summary of feeding behavior of Northern Fulmars, Glaucous-winged

Gulls, Black-legged Kittiwakes, and Parakeet, Lease and Crested Auklets

(from Sanger and Baird, RU #77, Part 2, April 1977)
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TABLE V-5-19

Frequency of occurrence of prey items in northern fulmars, glaucous-winged
gulls and black-legged kittiwakes. Figures are in percent occurrence.

(from Sanger and Baird, RU #77, Part 2, April 1977)
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FIG. V-5-15. Schematic food web of the Parakeet Auklet in the eastern
Bering Sea. Arrow size indicates relative importance of
prey (Sanger and Baird, RU #72, Part 2, April 1977).
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MAMMALS

OCSEAP studies of marine mammals which encompass Bristol Bay include

investigations of sea otter distribution and abundance (Schneider, RU #241,

Final Report, September 1976), distribution of ice-inhabiting pinnipeds

(Burns and Eley, RU #230, April 1977; Burns and Harbo, RU #231, June 1976;

Burns et al., RU #248/249, April 1977) and the trophic role of fur seals

and bearded seals in the marine ecosystem (Laevastu et al., RU #77, Part 3,

Final Report, September 1976). Braham et al. (RU #69, April 1977) are sum-

marizing existing knowledge on seasonal distribution and abundance of ceta-

ceans and pinnipeds in the Chukchi and Bering Seas, including Bristol Bay,

and Fay (RU #194, April 1977) investigated the occurrence of dead and mori-

bund marine mammals.

Sea Otters

Schneider ( RU #241 ) describes the population of sea otters inhabiting

southwestern Bristol Bay. The main range of this population extends from

Cape Mordvinof to Cape Lieskof, including Bechevin Bay, Izembek Lagoon,

and Moffet Lagoon. In contrast to most sea otter populations, which remain

nearshore, otters in this population regularly range out to the 80 m depth

contour, 50 km or more from shore. Estimated size of the population based

on systematic aerial sampling is 17,000 otters.

Apparently this population developed out of a remnant population that

survived the period of commercial exploitation prior to 1911. Expansion

of the population between 1957 and 1965 is illustrated in Fig. V-5-16.

By 1970 the population had expanded northeastward to Ugashik Bay. However,

in 1971, 1972, and 1974, the ice front, which normally extends only to
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FIG. V-5-16. Expansion of the Bristol Bay ,ea otter population, 1957-1965
(from Schneider, RU #241, Final Report, October 1976).

V-93



Port Heiden, advanced to Unimak Island. It was observed that several

hundred otters died and others were forced southwestward. Mortality may

have been in the thousands. These three severe ice years apparently re-

duced the range of the otter populations, restricting it to the area

west of Cape Lieskof (Fig. V-5-17).

Schneider (loc. cit.) mapped relative density of otters in this region

in July 1976 (Fig. V-5-18). A close relationship appears to exist between

water depth and otter density. Schneider describes it as follows:

"Water depth seems to influence distribution more than
shoreline. Each segment of transects 10-33 was classified by
depth. Throughout much of the area the outer edge of "high"
density areas closely conformed to the 40 m depth contour and
the edge of the "medium" density conformed to the 60 m depth
contour. Sea otters northeast of Amak Island were distributed
slightly farther offshore with medium densities extending to
the 80 m contour in one area and high densities extending to
areas 50 m deep.

Densities observed in the 0.2 nm (census) str ps averaged
3.1 sea otters/km² in water 0 to 20 m deep, 5.8/km in water 2
20 to 40 m deep, 0.5/km² in water 40 to 60 m deep and 0.03/km
in water over 60 m deep. True densities would have been higher
because diving animals weren't counted. The observed densities
in water over 60 m deep may be low. Only 0.25% of the sea
otters counted in the limited width strips were beyond the
60 m depth contour while 0.84% counted in the unlimited width
strips were beyond the 60 m contour. In either case only a
small percentage of the population was in water deeper than
60 m. During a survey of the area west of Amak Island made
in April 1969, most of the sea otters seen were in water deeper
than 40 m and many were beyond the 60 m depth contour. Sea
otters observed in deep areas have usually been widely scattered.
Large pods usually occur in water less than 40 m deep."

Most otters observed in deep water were adult males, whereas young animals

and females with pups preferred shallower water.

Schneider (loc. cit.) concludes that all waters less than 60 m deep

between Cape Lieskof and Cape Mordvinof, including Bechevin Bay, should

be considered critical for survival of this population. Additional
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FIG. V-5-17. Reduction of the Bristol Bay sea otter population, 1970-1976, following
three severe ice years (see text) (from Schneider, RU #241, Final
Report, October 1976). V-95



FIG. V-5-18. Distribution of sea otters north of the Alaska Peninsula and Unimuk
Island on 30-31 July, 1976 (from Schneider, RU #241, October 1976).



information on group sizes, influences of weather and sampling problems

is included in Schneider's report.

Distribution of ice-Inhabiting Pinnipeds

Burns et al. (RU #248/249, April 1977), Burns and Lowry (RU #231,

June 1976), and Burns and Harbo (RU #231, June 1976) surveyed the Bering

Sea ice front by air between 27 March and 23 April 1976. They found the

following:

1. A large concentration (> 6/nm2) of ice-breeding harbor
seals was present in western Bristol Bay and the distri-
bution on breeding adults was continuous from Bristol Bay
to the western limit of their surveys (178°51'W).

2. Walruses were numerous throughout Bristol Bay, particularly
in the southern and central parts.

3. Sea lions were restricted to the first few miles of the
ice front and were most abundant south of the Pribilofs.

4. Ribbon seals occurred over the entire survey area but were
most numerous west of the Pribilofs.

5. Bearded seals and ringed seals are not commonly found in
the ice front, especially near the southern boundary.
Distribution of these species is ind'cated in Figs. V-5-19,
20, and 21.

Braham et al. (RU #69, April 1977) also surveyed Bristol Bay in April

1976. They found mean densities (± 95% confidence limits) of ice-inhabiting

pinnipeds to be:
2

Bearded Seal .083 ± .036 per nm2
Largha Seal .371 ± .365 per nm2
Ringed Seal .071 + .014 per nm2
Walrus .707 ± .165 per nm
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FIG. V-5-19. Area within which shipboard and aerial surveys were conducted during March-April 1976. Southern limit
of surveys was the ice edge. Northern limit approximated the inner margin of the front. The 200 m
depth contour is indicated by the light dashed line (Burns and Eley, RU #230, April 1977).



FIG. V-5-20. Combined sinhtings of all bearded seals observed during surveys within the area shown in
Fig. V-5-19. Computer map courtesy of H. Braham and B. Krogman, NMFS, Seattle. (from
Burns and Eley, RU #230, April 1977).



FIG. V-5-21. Combined sinhtings of all ringed seals observed during surveys within the area shown in
Fig. V-5-19. Computer map courtesy of H. Braham and B. Krogman, NMFS, Seattle. (from
Burns and Eley, RU #230, April 1977),



Seasonal Distribution and Abundance of Cetaceans and Pinnipeds

The following information is from Braham et al. (RU #69, April 1977):

Northern (Steller) Sea Lion

It is estimated that 80% of the sea lions in Bristol Bay are concen-

trated in the eastern Aleutians, from Ugamak Island to Adugak Island.

Most of the remaining 20% haul out on Amak Island, near Izembek Lagoon

(Fig. V-5-22 and 23 and Table V-5-20), and a few (200-400) occur in Round

Island, in northern Bristol Bay. Total present population in this region

is estimated to be about 23,000 animals, which is significantly lower than

counts made from 1956 to 1960 (Fig. V-5-24).

Harbor Seal (Land-breeding Form)

Although harbor seals occur throughout coasts of Bristol Bay, about

80% of those observed during surveys of Bristol Bay in 1975-76 were in a

few major hauling areas along the north side of the Alaska Peninsula

(Table V-5-21 and Fig. V-5-25). The largest concentrations were at Cinder

River, Port Heiden and Port Moller. The harbor seal population of Bristol

Bay is thought to be at least 28,000 to 30,000 animals. It is estimated

that they produced at least 8,900 to 9,600 pups in 1976.

Cetaceans

The two species of cetaceans that have been most frequently sighted

in the southern Bering Sea, including Bristol Bay, are the dall porpoise

and the minke whale. Other regularly occurring species include gray,

humpback, fin and sperm whales and the harbor porpoise. Sighting locations

for these species (except harbor porpoise) in Bristol Bay are shown in

Figs. V-5-26 to 29.
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FIG. V-5-22. Ewnetopias jubatus rookeries (R) and hauling grounds (H) along the eastern Aleutian Islands
(Fox Island group). See Table V-5-20 for a listing of each R and H. Those with asterisks (*)
are new locations identified during our June and/or August surveys in 1975 and 1976 (from
Braham et al., RU #67, March 1977).



FIG. V-5-23. Eumetopias jubatus rookery (R) and hauling grounds on and near Amak Island, located
northwest of Izembeck Lagoon, on the Alaska Peninsula (from Braham et al., RU #67,
March 1977).



TABLE V-5-20

Observations of northern sea lions (Eumetopias jubatus) from aerial surveys along the Alaska
Peninsula, eastern Aleutian Islands, and Bristol Bay. Numbers are based on visual estimates or
on counts taken from photographs (*). Dashed spaces indicate areas not surveys; blank spaces
mean no animals were observed (from Braham et al., RU #7, March 1977).



TABLE V-5-20 (continued)



FIG. V-5-24. Comparison between the numbers of northern sea lions, Eumotopias

jubatus, seen in the late 1950's-early 1960's, and during RU #67
OCSEAP studies along the eastern Aleutian Islands in Alaska.

See Kenyon and Rice (1962) and Mathisen and Lopp (1963) for
details of survey location (from Braham et al., RU #67, March
1977).
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TABLE V-5- 21

Observations of harbor seals (Phoca vitulina richardsi) from aerial surveys at major hauling areas along

the Alaska Peninsula. Numbers are based on visual estimates or on counts taken from photographs (*).

Dashed spaces indicate areas not surveyed; blank spaces mean no animals were observed. (from Braham et

al., RU #67, March 1977)



FIG. V-5-25. Major hauling areas and breeding grounds of

harbor seals in Bristol Bay: 1 - Egegik Bay;
2 - Ugashik Bay; 3 - Cinder River; 4 - Port
Heiden; 5 - Seal Islands; 6 - Port Moller;
7 - Izembek Lagoon; 8 - Bechevin Bay. Hatched

coastal areas are where animals have been observed
during June and August aerial surveys in 1975 and
1976 (from Braham et al., RU #69, April 1977).

Unhatched areas were not surveyed.



FIG. V-5-26. Seasonal sightings of large cetaceans in the SE Bering Sea from
1952 to 1976 (Braham et al., RU #67, March 1977).
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FIG. V-5-27. Monthly Eschrichtius robustus distribution projections based on RU 67 and 68 OCSEAP data
and historical records. Arrows depict the project migration route. The asterisk (*)
depicts May 1976 sightings from G. Fedoseev (pers. comm.) (from Braham et al., RU #67,
March 1977).



FIG. V-5-28. Killer whale (Orcinus orca) sightings in the southern Bering
Sea from data collected since 1958. Most sightings occurred
in the summer months (Braham et al., RU #67, March 1977).
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FIG. V-5-29. Dall porpoise (Phocenoides dallii) sightings in the southern
Bering Sea and North Pacific, collected since 1968. Most
sightings occurred in the summer months (Braham et al., RU #67,
March 1977).
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During surveys in 1976 the gray whale was the cetacean most frequently

sighted in the Bering Sea. They first appeared in the Bering Sea in April,

when some were sighted on the north side of the Alaska Peninsula. Avail-

able evidence leads Braham et al. (loc. cit.) to believe that gray whales

in Alaska migrate close to shore as they do in California.

Habitat Use

A summary of marine mammal utilization of Bristol Bay by season is

presented in Table V-5-22.

Morbidity and Mortality of Marine Mammals

Fay (RU #194, March 1977) conducted aerial surveys of beaches to census

and examine dead marine mammals. In Bristol Bay, he found 0.05-0.06 marine

mammals that had been dead for less than 4 months per km of shoreline

(Table V-5-23). In other areas of the Bering Sea, near where marine mammals

are hunted, the frequency of carcasses was much higher and most had died

of human-inflicted wounds.

Trophic Relationships Model

Laevastu et al. (RU #77, Part 3, Final Report, September 1976) selected

fur seals and bearded seals as representative marine mammals populations

in their ecosystem model of the eastern Bering Sea (see St. George Basin

section of this report). Estimated numbers, biomass and diet compositions

of these and other pinnipeds in this region are given in Table V-5-24.

Food consumption, for the model run, is presumed to be 4% of body weight

daily, which is lower than 6-8% indicated in literature resulting from

feeding experiments of captive mammals.
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TABLE V-5- 22

Summary of Marine Mammal Habitat Use by Season in Bristol Bay (from Braham et
al., RU #69, March 1977). Species for which information is not available are
not included.
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TABLE V-5-23

Frequency of Occurrence of Beached Carcasses of Marine Mammals on Bristol Bay in July (from Fay, RU #194, March 1977).
Only carcasses stranded less than four months were counted.



TABLE V-5-24

Estimated Number of Pinnipeds in the Eastern Bering Sea and, their average consumption, after McAlister and

Perez, 1976 (from Laevastu et al., RU #77, Part 3, September 1976).



Most of the fur seal population in question winters in the north

Pacific, from the Gulf of Alaska to central California, and migrates into

the eastern Bering Sea to breed and bear young on the Pribilofs in summer.

The bearded seals, by contrast, winter in the Bering Sea but most of them

summer in the Arctic Ocean. Hence, the numbers of these two species in

the eastern Bering Sea peak at different times (Fig. V-5-30).

During their respective periods of peak abundance, the fur seal popu-

lation consumes nearly 80 mt of prey per month and the bearded seal popu-

lation consumes about 75 mt per month (based on the assumptions in Table

V-5-24, and assuming 4% of body weight consumed per day). Considered on

an annual basis, fur seals and bearded seals take more herring than commer-

cial fishermen do, and they consume pollock equal to about 20% of the

commercial catch (Table V-5-25 and Fig. V-5-31).

Laevastu et al. note that the effect of fur seals on pollock popula-

tions may be very different from the effect of sea lions on those popula-

tions. Fur seals consume smaller pollock, whereas sea lions take older,

larger ones. Since large pollock are cannibalistic, consumption of pollock

by sea lions reduces cannibalism, which may influence pollock population

growth.
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FIG. V-5-30. Monthly mean number of fur seal and bearded seal in the Eastern
Bering Sea (from Laevastu et al., RU #77, Part 3, September 1976).
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TABLE V-5-25

Annual Consumption of Herring and Pollock by Fur Seal and Bearded Seal, as
Compared to Fishery and Total Consumption (in thousand tons) (from Laevastu
et al., RU #77, Part 3, Final Report, September 1976).

V-119



FIG. V-5-31. Estimated consumption of pollock by seals, cannibalism and
commercial catch (from Laevastu et al., RU #77, Part 3, Final
Report, September 1976).
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SECTION VI

ST. GEORGE BASIN: ENVIRONMENT, BIOTA, AND

POTENTIAL PROBLEMS RELATED TO OIL EXPLORATION

A Scientific Report Based on

OCSEAP-Sponsored Research Conducted

During FY 1977
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Chapter VI-1

INTRODUCTION

The St. George Basin is one of several subsurface structural basins

located near the seaward edge of the southeast Bering Sea continental

shelf (Fig. VI-1-1). The relatively steep continental slope is located

immediately west of the Pribilof Islands and trends southeast to north-

west.

As in the case of Bristol Bay, most historic data in the St. George

Basin area were collected in support of commercial fisheries investiga-

tions. Many characteristics of physical and biological property distri-

butions of these two lease areas show natural gradations and continuity.

The St. George Basin, due to its proximity to the shelf break and the slope

area, is influenced by dynamically different conditions associated with the

deep ocean and transient area. It is also close to Unimak Pass in the

eastern Aleutian Islands and is thus influenced by Alaskan Stream water.

The St. George Basin region is biologically highly productive. Large

nested seabird colonies are located on the cliffs of the Pribilof Islands;

populations at these colonies during the breeding season may exceed two

million birds. An estimated 1.2 million fur seals breed on the Pribilofs

each summer. Fisheries in the St. George Basin region, which is included

in the so-called "Golden Triangle," are also world-renowned. Large stocks

of herring, pollock, Pacific cod, Pacific Ocean perch, sablefish, and

several species of Pacific salmon migrate through this area, many traveling

to and from the productive Bristol Bay region.

Exploitation of Bering Sea biotic resources by foreign fleets has

accelerated dramatically in recent years and there is increasing evidence
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FIG. VI-1-1. The St. George Basin study region.



(from size class distributions and food chain reaction effects) that

several fish, pollock among them, are being overharvested. Since its

inception in 1975 OCSEAP research in the Bering Sea has been primarily

geared towards establishment of an environmental inventory of the biota,

currents, and ambient pollutant levels. However, due to the international

importance of the Bering Sea fisheries resources and expressed concerns

about the direction of OCSEAP research, a special Southern Bering Sea

Workshop was held in October 1976 at Salishan Lodge, Oregon. Here it was

recognized that a shift in the reconnaissance effort was needed prior to

embarking on any ecosystem study. Nearshore waters and coastal habitats

needed to be studied further as they are important nursery areas for

various fisheries and important migratory pathways for fish, birds, and

mammals.

Further, it was recognized that the analysis and comprehension of

a complex marine ecosystem such as that of the Bering Shelf, could not

be adequately addressed and accomplished within the OCSEAP time frame.

A shift in the emphasis away from ecosytem analysis towards key

processes studies was envisaged. Using this approach, key environmental

processes will be identified and investigated to assess impacts of OCS

development in the area. In addition, it was recognized that studies

funded by OCSEAP should not duplicate efforts of other extensive research

programs in the Bering Sea (NSF/PROBES, NMFS, etc.) but where possible

complement the programs to derive the maximum benefit from all research

performed in the Bering Sea.

Lease sales had tentatively been planned for the St. George Basin in

mid-1980, however, since the OCS sales schedule is presently under review

no sales dates beyond 1978 are available.
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Chapter VI-2

CONTAMINANT BASELINES

INTRODUCTION

The baseline contaminant surveys generally cover the total shelf

area of the southeastern Bering Sea. The principal investigators, in

describing their results, consider the Bristol and St. George Basin

contiguous areas and do not delineate the data sources. As a result of

the geographical continuation from one basin to the next, processes and

events are usually not unique to one or the other. Major differences

include the freshwater input to Bristol Basin and oceanic influences in

the St. George area.

Baseline contaminant surveys indicate comparable levels to those

discussed for the Bristol Basin proposed lease area. Since most of the

St. George area is removed from coastal influences, the hydrocarbon and

heavy metal ccntents are more typical of those measured in the central

Bristol Basin.

HYDROCARBON CONTENT AND COMPOSITION

The total hydrocarbon content of southeastern Bering Sea sediments

ranged from 2 to 22 µg/g dry sediment. An anomalous value of 241 pg/g

dry sediment was measured in sediment collected at the head of Pribilof

Canyon. Kaplan et al. (RU #480, April 1977) think this higher level may

be indicative of localized petroleum hydrocarbon contamination. (See

Bristol Basin and Kodiak sections of this report for additional discus-

sion.)
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Low Molecular Weight Hydrocarbons (LMWH)

The concentration and areal distribution of LMWH are more typical of

the central Bristol Basin. South of the Pribilofs, oceanic waters, deficient

in light molecular weight aliphatics, intrude onto the eastern Bering Shelf.

These data have been discussed more extensively in the Bristol Basin section

of this report (Chapter V-2).
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Chapter VI-3

HAZARDS

SEISMICITY

Maximum earthquake intensities extrapolated from field data (1786-

1974) available in the St. George Basin region are shown in Fig. 1-3-1.

Maxima (magnitudes > 8) occur close to Unimak Island and the Alaska Penin-

sula with intensity values diminishing steadily northwestward (Meyers

et al., 1976b).

An enlarged plot of historic earthquake epicenters in the St. George

Basin region is included as Fig. 6 of Gardner and Vallier, RU #206 (April

1977). There is a striking contrast between the large numbers of events

recorded south of the Aleutians, versus the relatively few recorded to the

north.

Maximum historical earthquake recurrence rates within the St. George

Basin region occur just north of Unalaska Island: 1.833 earthquakes of

magnitude 4.0-4.4 per year (1963-74 data at 54°N, 167°W), 1.583 earth-

quakes of magnitude 4.5-5.9 per year (1963-74 data at 54°N, 168 0W), and

0.107 earthquakes of magnitude 6.0 and greater per year (1928-74 data at

54°N, 167°W). Earthquake recurrence rates for the Pribilof Islands (57°N,

170°W) are considerably lower than those cited for the more seismically

active region near Unalaska Island.

The historic seismic data analyzed by Meyers et al. are being supple-

mented by Gardner and Vallier's (RU #206, April 1977) study of faulting

and potentially unstable sediments inthe St. George Basin region.

Physiographic provinces within the area are shown in Fig. VI-3-1.
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FIG. VI-3-1. Physiographic provinces of the St. George Basin area (Gardner and Vallier, RU #206, April 1977).



FAULTS

St. George Basin -- and the Pribilof Ridge that bisects it in the

subsurface -- are both delineated by linear fault zones that consist of

clusters of normal faults. Offsets on some of these normal faults exceed

60 m. Some faults offset the acoustic basement but relatively few offset

the seafloor (Fig. VI-3-2).

Surface faults tend to be more abundant along the outer margins of

the St. George Basin and along the Pribilof Ridge. Most can be traced

from high-resolution to low-resolution profiles, thereby indicating that

most surface faults are tied to major faults and boundary faults. Only

one surface fault was observed in the Amak Basin (RU #206, April 1977).

Major faults, other than those in the linear fault zones, occur princi-

pally in St. George Basin. Those with a northwest-southeast trend, paral-

leling the basin axis, greatly outnumber those cutting across the basin.

The 30-50 km spacing of seismic tracklines precludes unequivocal tracing

of faults between tracklines to identify fault trends or zones.

Minor faults occur throughout the region (Fig. VI-3-2) but again are

more frequently encountered in the mid-St. George Basin area. Many more

minor faults were encountered on NE-SW tracklines than on NW-SE lines,

which again suggests that the most minor faults trend NW-SE, roughly parallel

to the boundary faults and to the axis of the St. George Basin. Most minor

faults have offsets of less than 5 m and almost all affect the top 4 m of

sediment section.

Many of the faults in the St. George Basin region cut upper Pleistocene

sediments and a few reach the seafloor. The area is clearly tectonically

active but the exact age of most faults is not known.
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FIG. VI-3-2. St. George Basin region: faulting and potentially unstable sediment masses (Gardner & Vallier, RU #206,
April 1977).



POTENTIALLY UNSTABLE SEDIMENTS

Areas of potentially unstable sediment masses were identified using

one or more of the following criteria:

* Sirface faults with steep scarps and rotated surfaces,

* Deformed bedding and/or discontinuous reflectors,

* Hummocky topography,

* Anomalously thick accumulations of sediment, or

* Acoustically transparent masses of sediment.

Unstable sediments (e.g., gravity slides, slumps, creep, scarps, etc.)

appear to be confined to the continental slope and rise and the Pribilof

and Bering Canyons (Fig. VI-3-2). Zones of creep, as shown by irregular,

hummocky topography, begin near the shelf break at a depth of about 170 +

2 m. Hummocky topography occurs on the continental slope on a large scale

and mass movement is a common feature. Individual slumps were not mapped

because of the wide trackline spacings, however Gardner and Vallier regard

the entire continental slope and the walls of the major submarine canyons

to be zones of potentially unstable sediment.

SEA ICE

The study of sea ice in the Bering Sea by Burns et al. (RU #248/249,

April 1977) contains information that is relevant to the ice hazards in

the St. George lease area.

Burns et al. define ice front as the "zone of transition between the

open, ice-free sea and the consolidated pack." Typically, it is up to

130 km wide and contains floes of less than 20 m diameter separated by open

water, or brash or slush ice. The physical characteristics of the floes

that constitute the ice front are related to the place of their origin
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and their trajectories. In the Bering Sea, west of 69°W, the floes are

relatively thick, with a high density of pressure ridges and a thick snow

cover. These floes seem to be formed in the northern regions of the Bering

Sea (or even in the Chukchi Sea) and drift southwards. In the "shadow

zones" east of 169°W, the floes are thinner, less densely ridged and their

snow cover is thinner; also there is a gradation in the thickness of floes

with increasing thickness as one goes westward from 160°W to 169°W.
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Chapter VI-4

TRANSPORT

Hydrographic and moored current meter data for this lease area were ob-

tained as a part of the overall mesoscale circulation studies of the south-

eastern Bering Sea shelf and shelf-break areas. These data have been

summarized in the Bristol Bay Basin lease area chapter (V-4). Only a brief

outline of major findings will be presented herein.

From the hydrographic data reported so far, it appears that this lease

area is characterized by the presence of water from two zones: the central

shelf zone and the shelf-break zone. The first zone is characterized

by highly stratified waters and generally weak net circulation. The other

is noted for the presence of temperature (and density) "fine structure" of

the order of 1-10 m which has been reported to be coherent for nearly 100 km.

Due to its proximity to the shelf break and slope areas, this lease

area is also influenced by dynamically different conditions than the Bristol

Bay Basin lease area. Earlier studies have shown a northwest flowing

current close to the slope but with some meandering. A cellular feature

near the Pribilof Canyon has also been noted possibly formed by bathymetric

steering of the slope current. The flow of water from the deep basin into

this shelf probably advects significant amounts of nutrients and vorticity

in selected areas.

Current meter data from Stations 3, 8 and 13 (see Table V-4-1) probably

are representative of this lease area. Of these, Station 8 is located in

the mid-shelf region and is characterized by net circulation of the order

of less than 1 cm/sec. The other two stations, near the shelf break, show

higher net flow that is directed to the north-northwest apparently following

local bathymetry.
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Preliminary circulation model results have shown a general cyclonic

gyre in the deep basin of the Bering Sea when mean wind stress, from the

general direction of northeast, was considered along with boundary sources-

sinks. Currents in a northwesterly direction were noted along the shelf

break which then veered to the east in the northern Bering Sea toward the

Bering Strait.
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Chapter VI-5

RECEPTORS

PLANKTON

Phytoplankton and Primary Productivity

Alexander (RU #427, April 1977) has continued studies on the phyto-

plankton productivity and dynamics in the eastern Bering Sea with special

reference to the seasonal ice-edge. Previous studies by this research unit

described the bioenvironmental conditions after the spring increase of

phytoplankton production and biomass. These studies indicated that primary

productivity over the shelf was marked by intense vernal bloom which devel-

oped in response to light availability after the breakup and removal of

ice cover. Sampling in 1976 was conducted during two cruises in early

spring: the first from March 14 to April 2 and the second from April 12

to April 30. The areal coverage during the two cruises extended from the

shelf north of Cold Bay, Alaska Peninsula, to an area west-northwest of

the Pribilof Islands. Sampling was concentrated in five regional groups

of stations, A-E (Fig. VI-5-1). Data on chlorophyll a concentration, daily

primary productivity, inorganic micronutrients (nitrate, phosphate, sili-

cate), phytoplankton numerical abundance and species composition are pro-

vided. In addition, core samples from the undersurface of ice were obtained

at Station 13 (cruise II). Experiments on the effect of copepod grazing,

copper (CU ), and oil (Prudhoe crude) on phytoplankton growth rate were

also conducted. Chlorophyll, primary productivity and nitrate-N values

for the upper 20 m of the water column are given in Table VI-5-1. These

values were calculated from data provided by Alexander (RU #427, April 1977).
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FIG. VI-5-1. Stations sampled during the two Surveyor cruises, March - April 1977 (Alexander, RU #427,
April 1977).



TABLE VI-5-1

Chlorophy[superscript]11 a Concentration, mg/m2, Primary Productivity, mgC/m2/day, and Nitrate,
mg-at N/m² , in the Upper 20 m of the Water Column at Stations Sampled in March-
April 1976 (original data from Alexander, RU #427, April 1977).
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TABLE VI-5-1 (continued)
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During the first cruise, uniformly low chlorophyll, and moderate to

low primary productivity were observe. NutiAents were generally high and

uniformly distributed: nitrate-N varied from about 16 to 19 mg-at/m3

Much higher concentrations were noted in the upper layers of the deep

station. During the second cruise, both the chlorophyll concentration and

primary productivity values were high. In the upper 20 m, average chloro-

phyll was as high as 20 mg/m3 and average primary productivity as high as

26 mg/m /day. High values of chlorophyll and primary productivity were

usually noted at stations inside the ice-edge (i.e., Stations 3-9, Group A).

The deep ocean station during this cruise showed high nitrate concentration,

low chlorophyll and moderate primary productivity. Nitrate-N concentration

in the uprer 20 m in the second cruise varied from 8 to 24 mg-at/m3 (Table

VI-5-1).

It should be noted that chlorophyll specific daily primary productivity

during the two cruises was only moderate; values exceeding 2 mgC/mgChl/day

in the upper 20 m were noted only at Station 11 (cruise I, in ice), Station

13 (cruise II, in ice), Station 15 (cruise II, ice free) and Station 1

(cruise II, deep ocean). Highest value, over 5 mgC/mgChl/day, was observed

at Station 1 (cruise II, deep ocean).

Phytoplankton cell count at various stations occupied during the

April cruise varied from 5.2 to 73.0 x 10 4/. Concentrations value are

provided only for the surface samples from Stations 1, 2, 4, 6, 8 and 15;

for Stations 13 and 14 values from 20 and 50 m depths are also reported.

At Station 13 an ice core sample showed a much higher abundance and variety

of phytoplankton species than in the water column. The total number of

cells from this sample was 9.43 x 10[superscript]6/l* and was represented by 38 taxa,

*This value calculated from data provided in Table XI of the Annual
Report; Alexander gives a value of 94.3 x 10[superscript]4/l in Table XV).
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37 of them diatoms. In contrast, the number of cells at 0 m was 4.8 x

105/l and varied from 4.0 x 104 to 3.7 x 105/l between 10 and 75 m. Over

100 different phytoplankton organisms have been identified from these

samples. Statistical analyses for groupings of these samples and their

relationship to environmental factors are planned.

The diatoms Achnanthes sp., Asterionella kariana, Biddulphia aurila,

Chaetoceros debilis, Cylindrotheca closterium, Detonula confervacea,

Nitzschia spp., Thalassionema nitzschioides and four species of the genus

Thalassiosira was present in both the ice-core and water samples at

Station 13 (cruise II).

Grazing of Calanus marshallae varied from 3.5 to 4.4 ml/hr/individual.

The size range of filtered cells was between 18 and 90 p. The experiments

were conducted at Stations 13 and 15 (cruise II).

Phytoplankton growth rate (cell diameter 10-80 µ) showed no observable

effect at a concentration of 2 µg/l of copper. Above this concentration

phytoplankton growth rate was inhibited. At 8 µg/l concentration phyto-

plankton growth rate was about 58% of the control. For phytoplankton from

the ice-free area, phytoplankton growth rate at this concentration was only

2% of the control; for samples from ice-floe areas growth was 75% of the

control.

Oil concentration of 10 and 30 ppm showed highly varied response in

phytoplankton growth (cell diameter 10-80 µ) rates. At Station 1 (ice-free),

it was 1.67 times the control at 10 ppm oil concentration whereas growth

was totally inhibited at Station 2 (also ice-free) at the same concentration.

The overall mean for ice-free and ice-floe stations showed a growth rate

roughly 48% of the controls at 10 ppm; at 30 ppm growth rate was negative.
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Zooplankton and Micronekton

Cooney (RU #156/426) has continued zooplankton and micronekton studies

in the eastern Bering Sea. Data from samples collected in 1975-76 will be

grouped into four regimes for statistical analyses. These regimes are:

open water, slope area, outer shelf (depths between 200 and 50 m), and

inner shelf (depths less than 50 m). Over 150 species were identified from

those samples.

Sampling strategy during the last reporting period was to describe

zooplankton and micronekton communities in relation to the sea ice edge.

Four areas, corresponding to station groups A-D (Fig. VI-5-1), were sampled

during March-April 1976. A total of 78 taxa were identified from these

four sampling areas. Sixty-seven (67) species were represented in area A,

37 in area B, 36 in area C, and 15 in area D. Nine species were present in

all four areas: Aglantha digitaZe (medusa), Clione limacina (gastropod),

Calanus marshallae, Pseudocalanus spp., Euryterora herdmani, Acartia

longiremis, Oithona similis (all copepods), Thysanoessa inermis (euphausiid)

and Sagitta elegans (chaetognath). The numerically dominant species

included Aglantha digitale, Calanus spp., Pseudocalanus spp., Metridia

lucens (copepod), Thysanoessa inermis and Sagitta elegans.

The examination of data from areas B and C indicated that the ice

edge had little effect on the horizontal distributions of the dominant

zooplankters. Some taxa (Pseudocalanus spp., Calanus plunchrus and

Acartia longiremis) exhibited a slight increase in the standing stock just

inside the ice edge at area B, while Calanus spp., juveniles, Metridia

lucens, Sagitta elegans and Parathemisto pacifica (amphipod) seemed to be
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less abundant at the same locations. Most of the horizontal variability

was similar in magnitude to that observed in sample replicates from each

area over a 24 hour period.

Acoustic profiles in the water column at areas B, C and D were made

with a 100 kHz recording echo-sounder to infer distribution of organisms

larger than 5-10 mm. Dense diffuse scattering layers at 60 and 110 m

were noted in area B, with another layer near the bottom (160-178 m). A

less well-developed scattering layer was present near the bottom (105-115 m)

in area C. In area D, a narrow band of dense diffuse scattering layer was

present at about 90 m (10 m above the bottom). No diel vertical migration

was noted. Further analyses of these data will be conducted in spring 1977.

The food and feeding ecology of three dielly migrating fish species

(Bathylagus sp., Lampanyctus sp., Stenobrachius sp.) collected in northern

Pacific Ocean and Bering Sea, are also being studied. Copepods, amphipods,

euphausiids, ostracods, larvaceans, chaetognaths, mysids, pelagic gastropods

and polychaetes and several unidentified fish eggs constituted the bulk of

the stomach contents of these fish. Ostracods and copepods were dominant

food items.
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BENTHOS

Littoral Biota

Zimmerman et al. (RU #78/79, April 1977) have flown the St. George

Basin region to ascertain major intertidal beach types (Table VI-5-2).

The data are currently being used to produce an atlas of the area, which

will also include information on beach slope and biological cover.

The Pribilof Islands present a unique and peculiarly vulnerable bio-

logical situation. While the ice scour makes the intertidal area appear

relatively barren to the casual eye, many plants and animals occur in

cracks and crevices intertidally, and the subtidal biota is rich and

varied. In many respects, the Pribilofs could be considered a Bering Sea

Galapagos. Some of the algal and invertebrate species such as Onchidiopsis

hannai are endemic to the islands. Others such as, cirrulicarpus gmelini,

Zinovaea aconthocarpa, Pleuroblepharis japonica, Laingia aleutica, Yendonia

crassifolia, and Membranoptera spinulosa occur elsewhere only in Japan,

Russia, or the Aleutian Islands. The vulnerability of the islands lies

in their small size and the lack of nearby areas to provide larvae and

spores for repopulation. On long coastlines, even'brooding species with

nonplanktonic larvae can eventually repopulate a devastated area. This is

not possible for offshore islands. The red algae have no motile or floating

spores; they would move only a few meters before settling. One major inci-

dent could permanently affect the entire shoreline of these small islands

(Zimmerman et al., RU #78/79, April 1977).
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TABLE VI-5-2

Number of miles and percentage of major intertidal substratum types, from
Unimak Island north to Port Moller, and including the Pribilof Islands
(Zimmerman et al., RU #78/79, April 1977).

Benthic Biota and Commercial Shellfish

Studies by Feder and Mueller (RU #282/301, Final Report, April 1977),

Feder et al. (RU #281, April 1977), and Pereyra, Reeves and Bakkala

(RU #175, October 1976) consider Bristol Bay and St. George Basin as a

single oceanographic/ecological system. The results of these studies have

therefore already been described in the preceding Bristol Bay section of

this report.
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FISH

The abundance, distribution, migration and timing of demersal fish

have been discussed in the Bristol Basin section of this report. Dietary

habits of these fish have been discussed in general in the NEGOA section

of this report; more specific data on food habits have been presented in

the Bristol Basin section of this document.

In this area pink salmon (oncorhynchus gorbuscha) account for 80% of

the total salmon catch. Sockeye are next in abundance. Stern et al.

(RU #483, November 1976) report that the total salmon spawning run in this

proposed lease area is to the Aleutian Island region west of Unimak Pass.

From 1955-75, the run has averaged less than 0.2 million fish; peak abun-

dance has been estimated at 2.5 million salmon.

The spawning migration begins in mid-June with sockeye and terminates

in mid-September with the arrival of the last of the coho spawners. Peak

abundance occurs in early to mid-August when the sockeye and pink spawning

runs are greatest. Migratory pathways bring spawners destined for western

Alaska streams, through the Aleutian passes from late May to July. Also,

significant numbers of feeding juveniles enter the Bering Sea from the

North Pacific through these passes from June to September.

According to Barton (RU #19E, April 1977) more than 45,000 mt of

Pacific herring are caught annually by Russian and Japanese trawlers and

Japanese gill netters. Most of their catch is taken by trawl in the winter

and spring months along and inside the 200 m isobath extending from the

Pribilof Islands to St. Matthew Island. The Japanese gill net fishing

operates from April into June along the coast from Bristol Bay to Norton

Sound.
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Wall and Macy (RU #64/354, September 1976) have reviewed the litera-

ture and are evaluating data sources on the abundance and distribution of

non-salmonid pelagic fish in the Gulf of Alaska and Bering Sea. (See dis-

cussion in the NEGOA section of this report.)

Ichthyoplankton

Waldron and Favorite (RU #380, April 1977) have studied the density

distribution of fish eggs and larvae in the eastern Bering Sea during

April-May 1976. Samples were collected with bongo (mesh sizes, 505 and

333 µm) and neuston nets, following procedures established for the National

Marine Fisheries Service MARMAP field program. A total of 168 samples

were collected from 56 stations; two bongo and one neuston sample from

each station. The sampling locations covered both the St. George and

Bristol Basin lease areas.

Fish eggs and larvae were identified and sorted from samples collected

with 505 pm bongo and neuston nets. Combined actual catches of larvae

totaled 2,939 of which 2,347 (80%) were caught in the bongo net and 592

(20%) in the neuston net. Of 43,288 eggs collected, 35,688 (82%) were

caught in the neuston net and 7,600 (18%) in the 505 bongo net. Fish eggs

were presnt in all neuston collections (2 to 10,655 per sample), but only

54 (96%) of the neuston samples (1 to 68 per sample) and in 44 (79%) of

the 505 bongo samples (1 to 202 per sample).

This study placed emphasis on the distribution and abundance of the

walleye pollock, Theragra chalcogramma, eggs and larvae. This species

provided 53% of all larvae and 75% of all fish eggs collected by the two

nets. Larvae were found in waters deeper than 68 m. The areas of larval
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abundance were generally along a narrow band located between 100 and 200 m

isobaths extending from near Unimak Island northwestward to west of the

Pribiluf Islands. Eggs were distributed in the same general pattern. They

showed a major center of abundance about 90 km east of St. George Island

(more than 50 eggs/m 3 ) and a secondary center of abundance about 55 km

north of Unimak Island. The eggs were 5 to 10 times more abundant in the

surface waters (upper 0.25 m, sampled with neuston net). However, the

presence of eggs in over 60% of bongo samples indicates that the distribu-

tion was not confined to surface layers. The presence of both the eggs

and larvae in samples indicates that spawning by walleye pollock had begun

before the sampling period.

In addition to walleye pollock (family Gadidae), larvae from 15 other

families were identified. The larvae of families Cottidae, Ammodytidae,

Cyclopteridae and Stichaeidae were numerous and were represented by a total

of 511, 246, 149 and 149 specimens, respectively. The identified eggs

belonged to three families. Gadidae, Pleuronectidae and Teleostei repre-

sented by 32,445, 8,666 and 2,177 specimens, respectively.

The most numerous flatfish larvae were arrowtooth flounder, genus

Atheresthes, that were collected at all stations between the 100 and 500 m

isobath from near the Unimak Pass to about 230 km northwest of St. Paul

Island. Larvae of Greenland halibut, Reinhardtius hippoglossoides, were

second most abundant in the total catch of flatfish. Their distribution

extended into shallower waters than of the arrowtooth flounder larvae.

No eggs identifiable to these species were caught. Eggs of Alaska plaice,

Pleuronectes quadrituberculatus, were second most abundant (after walleye
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pollock) of all eggs collected. These eggs were also more widely distri-

buted than those of any other species. No larvae of this species were

caught, several sexually ripe female plaice were collected in demersal

trawl catches. Spawning by Alaska plaice may have begun at the time of

sampling.

Waldron and Favorite have pointed out that limited-period surveys do

not provide adequate information on the distribution of larvae or eggs of

most or all of the economically or ecologically valuable species. Seasonal

sampling surveys would be required to understand the duration of spawning,

the shape of the spawning cycle with respect to time, and the season of

spawning and early growth.
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BIRDS

Two site specific OCSEAP studies were conducted in the St. George

lease area during FY 76. Hunt (RU #83, April 1977) continued investiga-

tions of reproductive and feeding ecology of seabirds on the Pribilofs

and Hickey (RU #38, Final Report, February 1977) completed his censuses

of seabirds on St. George Island in the Pribilofs. In addition, Myres

and Guzman (RU #239, April 1977) and Bartonek et al. censused birds on

pelagic waters of this region.

Reproductive Ecology and Feeding Habits of Pribilof Seabirds

Hunt (loc. cit.) investigated phenology, reproductive success, growth

rates, food habits and foraging areas of the following eleven species of

seabirds on the Pribilofs in summer of 1976:

black-legged kittiwake parakeet auklet
red-legged kittiwake least auklet
common murre crested auklet
thick-billed murre red-faced cormorant
horned puffin fulmar
tufted puffin

The nesting season (eggs and chicks in east) extended from late May to

early October (Fig. VI-5-2). Number of young fledged per nest ranged

from a low of 0.36 for black-legged kittiwakes on St. Paul to a high of

1.46 for red-faced cormorants (Table VI-5-3). New information on food

habits was obtained for all 11 species (Table VI-5-4).

Offshore Densities of Seabirds

Hunt (loc. cit.) also surveyed foraging birds on waters around the

Pribilofs by ship in June, July and August. Highest densities were con-

sistently within 10 nm of the islands and near the 200 m isobath.
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FIG. VI-5- 2. Timing of breeding of seven species of seabirds, St. Paul Is.,
1975-1976 (from Hunt, RU #83, April 1977).
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TABLE VI-5- 3

Reproductive Success of Five Species of Seabirds on the Pribilof Islands, 1976
(after Hunt, RU #83, April 1977)

VI-31



TABLE VI-5- 4

SUMMARY OF FOODS USED BY PRIBILOF ISLAND SEABIRDS

% SAMPLES CONTAINING FOOD TYPE
(from Hunt, RU #83, April 1977)



According to Hunt "immense flocks of murres were seen on the water near

the east end of St. George Island on all three cruises, at the west end

of St. George Island on the July cruise and near the west end of St. Paul

Island in July."

Shearwaters were not abundant until August, when they occurred in

patchily distributed flocks throughout the study area. This agrees with

Myres and Guzman's (loc. cit.) observations. These authors found no shear-

waters around the Pribilofs in June, but in August they were abundant, at

least in regions east of the Pribilofs. Density distribution of birds

around the Pribilofs as determined by Hunt in 1976 are shown in Figs.

VI-5-3, 4, and 5.

Bartonek et al. (RU #337, Parts 1 and 2, April 1977) surveyed pelagic

waters of St. George Basin from February to October 1976. Murres and

shearwaters were the most abundant birds present (Table VI-5-5). Species

encountered during each of the 9 months surveyed were fulmars, fork-tailed

petrels, glaucous-winged gulls, black-legged kittiwakes and murres (February

and October surveys were by air and are not shown in Table VI-5-5). Ac-

cording to Bartonek et al. (RU #337, Part 2, April 1977), St. George Basin

is, along with Kodiak Basin and Alaska Peninsula South, one of the three

most important pelagic regions in Alaska for seabirds.

Census of Nesting Seabirds

Hickey (loc. cit.) concentrated his census work on St. George Island.

Estimated numbers breeding on St. George in 1976 are:

thick-billed murre 1,500,000
least auklet 250,000+
red-legged kittiwake 220,000
common murre 190,000
parakeet auklet 150,000

VI-33



FIG.VI-5- 3. Mean densities of all seabirds observed in each 10' x 10' block, 2-4 June,
1976 (Hunt, RU #83, April 1977).



FIG. VI-5- 4. Mean densities of all seabirds observed in each 10' x 10' block, 21-24 August,
1975 (Hunt, RU #83, April 1977).



FIG. VI-5-5 . Mean densities of all seabirds observed in each 10' x 10' block, 7-12 July, 1976
(from Hunt, RU #83, April 1977),



TABLE VI-5-5

Relative Density of Seabirds in the SAINT GEORGE BASIN Area from Shipboard
Transects in 1976 (from Bartonek et al., RU #377, Part 1, April 1977).



TABLE VI-5- 5 (continued)



black-legged kittiwake 72,000
fulmar 70,000
horned puffin 28,000
crested auklet 28,000
tufted puffin 6,000
red-faced cormorant 5,000

Numbers of least auklets nesting in beach-boulder habitat were not esti-

mated, because that habitat could not be satisfactorily censused. Hence,

the estimate of 250,000 for that species is low.

Hickey concludes that St. George Island, with an estimated population

on the order of 2.5 million nesting seabirds, appears to be the largest

seabird colony in the northern hemisphere.

MAMMALS

The only OCSEAP study of marine mammals conducted specifically in the

St. George lease area is an investigation of the physiological impact of

oil on pinnipeds by Kooyman et al. (RU #71). It is reviewed in the

Effects section (Section X) of this report.

Other OCSEAP studies dealing with marine mammals in St. George Basin

are broad-scale studies covering the eastern Bering Sea in general.

Findings from these investigations are reported in the Bristol Bay section

of this repcrt.
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ECOSYSTEM DYNAMICS MODEL

A numerical ecosystem dynamics model was formulated in FY 76 by

Laevastu and Favorite (RU #77, April 1976). This model consisted of eight

components and focused on the determination of the effects of gross changes

in environmental conditions on trophicdynamics and interspecies competition.

During FY 77 this model was reprogrammed to include 25 components of the

ecosystem (Laevastu and Favorite, RU #77, April 1977). The components are:

(a) Mammals: fur seal, sea lion, bearded seal, harbor seal,
ring and ribbon seals, walrus, baleen whales,
and toothed whales.

(b) Birds: shearwater, murre, and other marine birds.

(c) Fish: yellowfin sole, other flatfish, other demersal
fish, pollock (three size groups), other gadids,
herring, other pelagic fish, and squid.

(d) Benthos

(e) Plankton: euphausiids, copepods, and phytoplankton.

The initial formulation of the model is in the form of a time-dependent,

two-dimensional model; the third dimension (i.e., depth distribution)

applies implicitly in some parts of the model. The model grid includes

the area east of 180° to the western Alaskan coast and northward of Alaska

Peninsula and Aleutian Islands to approximately 65°N. As such, the grid

covers the Bristol Basin, St. George Basin, and Norton Basin lease areas

and the area between them. A zooming technique is provided for detailed

computations within selected areas.

The model starts from higher trophic levels (i.e., mammals and birds)

and then continues toward lower levels (i.e., plankton). Biological infor-

mation input is in the form of estimates of distribution and abundance,

as dynamic variables (migratory pathways and speed), as time-dependent
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variables for a given species or group of species, or as predetermined

coefficients. The model is being quantitatively adjusted (tuned). Pre-

liminary results have indicated that most of the dynamic aspects of the

eastern Bering Sea ecosystem can be quantitatively studied and assessed,

however no detailed results are presently available.
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SECTION VII

NORTON SOUND: ENVIRONMENT, BIOTA, AND

POTENTIAL PROBLEMS RELATED TO OIL EXPLORATION

A Scientific Report Based on

OCSEAP-Sponsored Research Conducted

During FY 1977
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Chapter VII-1

INTRODUCTION

The northern Bering Sea, including Norton Sound (Fig. VII-1-1), is

heavily influenced by seasonal ice from late autumn through early spring.

The Sound is a subarctic embayment, averaging 20 m deep, whose flow slopes

gently downward to the west. Shorelines along Norton Sound and the Seward

Peninsula are generally abrupt with steep bluffs and a few cliffs inter-

spersed with small stretches of low-lying, sandy or silty beaches. The

entire region is underlain by discontinuous permafrost.

Currents in Norton Sound are affected primarily by winds and fresh-

water input from the Yukon River (Yukon-Kuskokwim delta on the south coast

of Norton Sound is the largest delta complex in Alaska). Wind mixing may

extend to the bottom of the Sound, and may drive significant currents.

Surface waters flow northward past the west end of Norton Sound and a

deep influx of Bering Sea water flows inward along the bottom of the Sound.

The variety and distribution of marine animals along the coast of

Norton Sound reflect the combined effects of water and ice movements.

Plankton, invertebrates, and fish that thrive at the ice edge in great

abundance provide food for the concentrations of marine birds and mammals.

Polychaete annelids comprise approximately 50 percent of the total biomass

of benthic organisms in Norton Sound. Small tanner and king crabs inhabit

the area and several species of shrimp are common. Fish are generally

small and sparsely distributed.

Coastal marshlands along the south coast of the Seward Peninsula

are important stopovers for migrating swans, geese, cranes and shorebirds.

In offshore areas, murres, guillemots, puffins, auklets, jaegers, fulmars,
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FIG. VII-1-1. Norton Sound



and others feed in and beneath the ice edge and rest upon it. King Island,

Sledge Island, Egg and Besboro Islands in Norton Sound; and Cape Denbigh,

Bluff, Rocky Point, and Cape Darby on the southern coast of the Seward

Peninsula support seabird colonies. The general movement pattern of marine

mammals is northward in spring as the ice edge retreats and southward in

fall with the advance of the ice. Little information is available on

numbers of marine mammals in the area.

The recent discovery of an apparent major offshore petrogenic seep

south of Nome may significantly increase interest in Norton Basin and its

development potential. Norton Basin lease sales were previously scheduled

for late 1979. The OCS lease sales schedule is presently under review and

the most recent listing (August 1977) extends the time of sale to December 1981.
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Chapter VII-2

CONTAMINANT BASELINES

INTRODUCTION

Data on the ambient distribution and concentrations of contaminants

in the northeastern Bering Sea are limited. Some sampling has occurred,

but in the case of heavy metals, the analyses have not been completed.

However, Burrell (RU #162/163/288/293/312, April 1977) does not expect

that any of the results will differ from those reported for other lease

areas. On the basis of hydrocarbon analyses, the Norton Sound area is

generally free of anthropogenic contamination; however, petrogenic con-

taminants are present. (See the NEGOA section of this report for addi-

tional introductory remarks.)

HYDROCARBON CONTENT AND COMPOSITION

The concentration of hydrocarbons in Norton Sound surface waters is

generally less than 1 µg/kg. This amount is not markedly different from

other proposed lease areas even though different analytical methods were

used (Shaw, RU #275/276/294, April 1977). There was no evidence of petro-

leum contamination in the limited number of samples collected.

Tar was not found in any of the 13 seston tows made in Norton Sound.

The lack of tar is typical of most Alaskan OCS areas. (See NEGOA, Lower

Cook Inlet, and Bristol Basin sections of this report.)

Low Molecular Weight Hydrocarbons

Cline (RU #153/155, April 1977) and Cline and Feely (RU #153/155,

December 1976) conducted LMWH baseline surveys in the proposed lease area

in September 1976. The most significant discovery was the presence of a
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highly localized gas seep south of Nome. (See the NEGOA section of this

report for additional discussions on LMWH.)

Methane (C1)

The concentration of methane in the surface waters ranged from 100

nl/l near St. Lawrence Island to 605 nl/l in Safety Sound. High levels

of methane were also measured in the surface water samples collected over

the shallows west of Unalakleet. As Cline and Feely observed in Bristol

Bay, lagoon areas are sources of high levels of methane and when associated

with high amounts of ethene and propene, are typical of an active biologi-

cal source.

The concentration of methane in the near-bottom waters (5 m above the

bottom) is generally greater than 200 nl/l. Anomalous levels of methane

greater than 2,000 nl/l and less than 200 nl/l were observed east of Stuart

Island and in Norton Bay, respectively. Outer shelf waters near St.

Lawrence Island also contain less than 200 nl/l of methane. The elevated

methane levels observed in Norton Sound probably have resulted from intense

thermal stratification and/or a strong bottom source (Cline, RU #153/155,

April 1977).

Ethane and Ethene (C2 )

Cline and Feely (RU #153/155, December 1976) describe the ethane

distribution in the surface waters as sporadically variable with no de-

fined sources. Most samples contained less than 1.0 nl/l; only near St.

Lawrence Island did surface water ethane concentrations exceed 1.0 nl/l.
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The dominant feature in the distribution of ethane in the near-bottom

waters was a plume of ethane-eriched water extending north and west along

the coast. Additional sampling by Cline and Feely (RU #153/155, December

1976) identified the plume origin as a gas seep south of Nome (Fig. VII-2-1).

The average ethane concentration outside of the plume was 0.5 nl/l to the

south and east; west of the seep area amounts were always in excess of

1.0 nl/l . Ethane levels as high as 10.0 nl/l were measured within the

plume.

Ethane levels in the surface waters were significantly higher than

concentrations of its saturate homolog and the sources were highly localized.

Major sources of athene were identified northwest of Nome (2.2 nl/l) and

northeast of St. Lawrence Island (2.9 nl/l); throughout most of the Sound

the ethene levels were rather uniform and less than 1.6 nl/l.

In the near-bottom waters the concentration of ethene ranged from 4.0

nl/l east of St. Lawrence Island to 0.3 nl/l west of Egavik. In general,

the levels decreased from west to east.

Propane and Propene (C3)

The concentration of propane and propene in the surface waters as

rather uniformly distributed and no particular sources were identified.

The mean concentrations of propane and propene were 0.2 and 0.5 nl/l,

respectively.

Propane and propene levels in the near-bottom waters were similar to

those observed in the surface samples. The ethane-enriched plum also con-

tained above ambient amounts of propane. Concentrations as high as 2.5

nl/l were measured near the source of the gas seep.
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FIG. VII-2-1. Distribution of ethane (nl/l, STP) is shown within 5 m of the bottom in
September 1976. Station N18F is the nearest approach to the locus of
the seep (Cline and Holmes, RU #153-77, April 1977).
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Isobutane and n-butane

Cline and Feely (RU #153/155, December 1976) report that the concen-

tration of butanes was usually below the detectable limit (0.03 nt/l).

Within the plume from the gas seep, iso- and n-butane levels as high as

0.5 nt/l were measured.

Diagnostic Indicators of Petroleum Introduction

In the NEGOA section of this report, two methods used to define the

origin of LMWH were discussed. Applying these methods, Cline and Feely

(RU #153/155, December 1976) and Cline and Holmes (RU #153/155, Appendix,

April 1977) have shown that LMWH outside of the gas seep plume originate

from biogenic activity. Within the plume the ratio of the methane concen-

trations to the sum of the ethane and propane concentration, and the ratio

of ethane to ethene indicate that the LMWH originate from a petroleum

source. The ratio of methane to ethane plus propane ranges up to 500 and

the ethane to ethene ratio was 6.5. The respective break points are 50

and 1 for the two methods; i.e., ratios higher than these two numbers

implicate the source of LMWH as petrogenic.
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Chapter VII-3

HAZARDS

SEISMICITY

Maximum earthquake intensities extrapolated from available field

data (1786-1974) in the Norton Sound region are shown in Fig. 1-3-1.

Maximum intensities -- greater than magnitude 6 -- are essentially re-

stricted to the Seward Peninsula with lesser values recorded from northeast

to southwest across Norton Sound (Meyers et al., 1976b). Historical earth-

quake recurrence rates are not available from this region.

A six-station seismographic network was installed by Biswas et al.

(RU #483, April 1977) to provide seismic coverage to the Norton and Kotzebue

Sounds during the field season of 1976.

The new network around Seward Peninsula has been operating for the

last several months. During this time, a number of local earthquakes have

been recorded and tentatively located, but detailed analyses of the data

have not been completed. However, at this stage it may be mentioned that

during the short recording period, the largest earthquake recorded was of

magnitude 4.5 and other records appear to indicate that the Norton Sound

area is seismically more active than previously thought.

NON-SEISMIC HAZARDS

A U.S. Geological Survey team under the direction of Hans Nelson

(RU #429, April 1977) has provided an outstanding and comprehensive pre-

liminary assessment of potential non-seismic geologic hazards in Norton

Sound. These include: faulting, ice gouging, gas cratering of surface

sediments, storm surge activity, and strong bottom currents. A summary

of the distribution of these potential hazards is presented in Fig. VII-3-1.
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FIG. VII-3-1. Summary of potentially hazardous regions in northeastern Norton Basin (Nelson, RU #429, April 1977).



Present knowledge suggests that the Yukon delta and eastern Bering

Strait areas have the combination of the most severe geologic hazards.

Faulting and current scour are most intense in Bering Strait. Ice gouge,

bottom current and storm surge activity are all intense for a wide area

around the shallow pro-delta. The severity and areal extent of gas

cratering cannot yet be assessed, but this may well be the greatest hazard

of any in Norton Sound. A more detailed review of each hazards category

is presented below.

Faulting

Data on offshore and subsurface faulting were collected along 2900 km

of tracklines using acoustic survey techniques such as sparker (60kJ),

Uniboom (800J), sub-bottom profiler (3.5 kttz), and side-scan sonar.

Surface, near-surface (Fig. VII-3-2), and sub-bottom (Fig. VII-3-3)

faulting occur most commonly within 40 km of the basin margin, predominantly

in these areas: northern Chirikov Basin, along the southern margins of

Norton Basin north of St. Lawrence Island, and along the southern and

eastern margins of Norton Sound. Several surface fault scarps in the

northern Chirikov Basin are trending west with 5-15 m relief and may be

associated with major transcurrent faults in Alaska. There are indications

of possible movements along these faults between 12,000-100,000 years ago.

No surface scarps were seen to be associated with offshore faults near

St. Lawrence Island and in southern Norton Sound. However, horizontal

motion along these faults may have taken place during Quaternary time in

conjunction with movement on the Kaltag fault, one of the major trans-

current faults in western Alaska.
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FIG. VII-3-2. Surface and near-surface faults in Norton Basin (Johnson and Holmes, Section B in Nelson,
RU #429, April 1977).



FIG. VII-3-3. Deeper subsurface and basement faults and structures in Norton Basin (Johnson and Holmes,
Section B in Nelson, RU #429, April 1977).



Earthquake records (Meyers, RU #352, April 1976, 1977) show a complete

lack of epicenters beneath the Norton Basin. This implies either that

activity along the offshore faults has ceased, or that movement is taking

place at a slow but steady rate, preventing a buildup of strain and conse-

quent earthquakes. Deep-seated and near-surface faults without associated

surface expressions show an increase in displacement with depth and the

beds apparently get thicker as they dip basinward away from the fault.

These faults are probably growth faults along which movement has taken

place more or less continuously during the episodes of major basin subsid-

ence. The surface fault scarps in northern Chirikov Basin are associated

with the Bering Strait Fault, the Port Clarence Rift, and other nearby

faults. These scarps may have been caused by recent vertical movement on

these faults, and consequently could indicate a hazard to engineering

structures placed over or near these fault zones (Johnson and Holmes,

RU #429, Section B (Nelson), April 1977).

Faulting and structurally controlled volcanisms over much of the

Yukon-Kuskokwim delta plain apparently has been active in Quaternary time.

The structural pattern is mainly northwest and northeast, with many of

the northeast-trending faults probably representing slivering of the

Kaltay fault, previously projected north of the delta. Paleomagnetic

data indicate that almost all of the volcanic rocks are younger than

700,000 years (Dupre, RU #208, April 1977).

Gas Charged Sediments

Smaller circular shaped pits, averaging 3-5 m in diameter and rela-

tively deep compared to their width, were observed over a large area of

north central Norton Sound and in a local area near Port Clarence. A
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series of larger depressions, (25-150 m in diameter), have been noted near

the Yukon delta and midway between a possible petrogenic seep (south of

Nome) and the large area of small craters 50 km to the east. The sedi-

ment depression craters are thought to be a result of periodic venting

of significant quantities of biogenic (99% or more methane) gas generated

in thick sequences of buried organic-rich (freshwater) peaty mud. Where

peats are thinly buried, and at times of storm wave stress, gas vents

through near-surface sediments causing extensive cratering of the seafloor.

The full areal extent of apparent gas cratering may never be evident

because of obliteration of much of the seafloor surface by ice gouging.

However, velocity pull downs indicate that the area affected by this

phenomenon could be much more widespread than presently confirmed. A

much more detailed assessment of this potential hazard is required.

Analyses of gas quantity and sediment texture effect on liquefaction

potential will begin this summer.

Sediment Geotechnical Properties

Physical properties and geotechnical characteristics of the near

surface (< 2 m) sediments of Norton Sound have been studied by Newby,

Clukey and Nelson (RU #429, Section C, April 1977). This information is

valuable when assessing possible route selections for underwater pipelines

and cables. The effects of dynamically induced loads, both from storm

waves and earthquakes, on the sediment physical properties are also ex-

tremely important, but considered beyond the scope of this annual report.

The Yukon River presently carries over 90 million tons of sediment

into the Bering Sea. Typical currents carry much of the sediment into

the Chukchi Sea, although maximum deposition since the last transgression
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(12,000 B.P) has occurred northward of the present delta. Modern Yukon

sediments contain about 40% kaolinite-chlorite and about 20% montmoril-

lonite clays. Within the Norton Basin fine sands and silts make up most

of the sediment in the Yukon area with finer-grained sediments present

in the eastern-most portion of Norton Sound. Specific gravity of sedi-

3
ments vary from 2.67 to 2.73 g/cm3, except in one sample where it was

measured to 2.55 g/cm3 (this sample contained 5.27% organic carbon).

Water contents taken from coarser-grained core samples exhibited an appre-

ciable decrease in their degree of saturation prior to sub-sampling, while

samples consisting of mostly silts or clayey silts were more than 90%

saturated. Known volume samples are recommended for all future cruises.

The disturbance effects created by vibration were tested by measuring the

undrained shear strengths of predominantly silty sediments. A relatively

more silty sample was not as severely affected by vibration as one with

a higher percentage of clay. However, additional tests are necessary to

accurately predict degree of disturbance. Vibracore penetration tests

gave too little information to quantitatively correlate changes in sedi-

ment types and strengths with penetration rate. A near-surface sample

from the Yukon prodelta area was determined to be highly over-consolidated,

possibly due to the wave stress on the surficial sediments by intermittent

storm surges. Because most of the sample compression took place in the

first few seconds after the application of each sample stress, a more

sophisticated consolidometer should be used in future tests to get more

reliable data. Newby et al. suggest that in the future in-place shear

strength measurements should be made with a penetrometer type device

capable of monitoring tip resistance continuously with depth.
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Yukon Delta Coastal Processes

Dupre's studies (RU #208, April 1977) indicate that major shifts in

the location of the Yukon River have occurred several times during late

Pleistocene time, and it would be possible for the Yukon to reoccupy the

more southerly Kashunuk River drainage during a spring ice breakup in the

future. The implications of such a shift are staggering and special caution

must be urged when planning construction which might affect the hydrology

of the river and increase the probability of diversion. Large areas of

the delta are covered by eolian deposits which are all presently stabilized,

however, the dunes will be re-activated if the vegetation is disturbed.

About 50% of the delta plain is covered by lakes, which are expanding

laterally due to thermal erosion and wave action.

The presence of discontinuous permafrost is well evidenced by an

abundance of geomorphic criteria: thermokarst lakes, palsas, patterned

ground, solifluction lobes, and string bogs. Preliminary fieldwork by

Dupre (RU #208, April 1977) has demonstrated a strong correlation between

topography, soil type, vegetation, and depth of the active zone. However,

the exact thickness of the permafrost could not be determined with present

field methods. In general, permafrost is locally absent beneath large

lakes and rivers, as well as in areas of rapid deposition. Elsewhere,

in late Wisconsin (glacial) deposits, it may be up to 600 feet thick.

Permafrost depths up to 250 ft are present along the rapidly eroding

coastal zone of Cape Romanzof, thereby providing ideal conditions for the

preservation of offshore permafrost. In many ways the distribution of

the permafrost is similar to that of the Mackenzie delta in Canada,

differing mainly in the thickness of the frozen zone.
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The modern Yukon River delta is presently undergoing both construc-

tional and destructional phases of development. The constructional phase

is characterized by progradation of distributary mouth bars and inter-

distributary mudflats. Erosion of the eastern-most part of the delta

shoreline is presently occurring because of recent abandonment of a major

distributary in the area. Along the delta coast there are commonly chenier

plains (in the vicinity of Black River), broad tidal mudflats (e.g., Hooper

Bay, Scammon Bay, and north side of Kuskokwim Bay), and barrier islands.

Sandy beaches (in the vicinity of Hooper Bay) and steep gravel beaches

(St. Michaels, Pt. Romanof and Cape Romanzof) are less common.

The coastline is highly variable with respect to its morphology,

processes, and overall stability. Of particular importance in determining

the relative coastal stability is the proximity of the Yukon River sediment

input, the sheltering effect of barrier islands, laterally migrating tidal

inlets, and local tectonic patterns. The general trend of longshore drift

is toward the north due to the effect of local winds, southwesterly swell

waves, major storms, and the north-flowing Alaska coastal waters. Once

the Yukon sediment enters Norton Sound, it is diverted to the north and

northwest with little or no mixing with oceanic water to the west. Assuming

that pollutants on the surface will follow a pattern similar to that of

suspended sediment, it seems likely that the material will be confined to

coastal areas where it will be transported to the north and northwest under

most summer, fair-weather conditions. Winter conditions remain poorly

understood (Dupre, RU #208, April 1977).

Further information on the coastal zone of Norton Sound is provided

by Sallenger et al. (RU #431, April 1977).
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Littoral drift. Net littoral drift is generally to the north along

the Yukon-Kuskokwim delta complex (Fig. VII-3-4). The southern side of

the Norton Sound east of Stuart Island is a lava flow coast composed of

boulders and solid rocks with little indication of net drift direction.

However, due to the lack of sufficiently fine material available for

transport, little longshore transport is inferred. In the inner Norton

Sound longshore drift has a northerly component. In Norton Bay and Golovin

Bay northerly trending drifts converge at the head of each bay. Between

Golovin Bay and the northwest corner of the northwest corner of Norton

Sound the drift is inferred to be more variable than in most areas farther

south. Between Norton Sound and Port Clarence the long-term drift is

generally to the north. The drift follows the recurved spit forming the

seaward edge of the Port Clarence embayment in a general clockwise direc-

tion and creates two cells within Port Clarence, one with convergence at

the southern portion of the bay and the other with convergence at the mouth

of Grantley Harbor. Between Port Clarence and the Bering Strait there is

a divergence point near King River.

Coastal morphology. The coast along Norton Sound to Bering Strait

is dominated by bluffs or cliffs, generally of three types: (1) high

resistant rock cliffs (between Bering Strait and Port Clarence and at

entrances to Golovin and Norton Bays), (2) low tundra bluffs eroded into

muds (near Nome, at the head of Norton Bay and west of St. Michael on the

south side of Norton Sound), and (3) resistant cliffs eroded from old lava

flows east of St. Michael. Each of these coast types are considered

erosional.
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FIG. VII-3-4. Interpreted net littoral drift directions along the coast of Norton
Sound (Sallenger et al., RU #431, April 1977).
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Beaches line only 75% of the coast -- compared to 95% for the Bristol

Bay side of the Alaska Peninsula. Of the Norton Sound coast, 16% consists

of tidal flats, 16% barriers, 2% single beach ridges, 11% beach ridge

complexes, and 49% bluffs or cliffs.

Beach morphology and sediment characteristics. Along the northeast

Bering Sea coast, beaches appear to be dominated by storms. Berm crest

elevations were high (3-4.5 m) and could not, in contrast to south Bristol

Bay, be overtopped under non-storm conditions.

Most of the beaches around the Norton Sound from Cape Prince of Wales

to the edge of the Yukon delta are quite gravelly, with sandy beaches from

Nome east to Topkok Head. The relatively coarse beach sediment and low

wave energy under non-storm conditions inhibit modifications in beach

morphology except during storms. Preliminary studies on the rate of change

of the beach and nearshore indicate little change. Presumably, this was

because no large storms had occurred in this region between the times pro-

files were measured.

Storm Surges

During November 1974 two severe storms moved through the Bering Sea

and caused extensive coastal flooding, particularly in the Norton Sound

area. The more severe storm included sustained winds at Nome of 40 kts

with gusts as high as 60 kts; barometric pressure dropped approximately

34 mb. Disastrous coastal flooding occurred in the Nome area resulting

in $15 million damage.

During the 1975-76 field seasons, Sallenger et al. (RU #431, April

1977) measured debris line elevations resulting from this storm around

the periphery of Norton Sound. In all but a few cases there was only
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one debris line observed, suggesting that the 1974 storm had incorporated

older debris lines and pushed them higher. Debris line elevations provide

a combined measure of sea level rise over the astronomical tide level due

primarily to wind set-up, inverse barometric effect, wave set-up and runup.

The debris line would be expected to be positioned near the upper limit of

upwash.

Observed debris line and berm crest elevations are plotted versus

profile number in Fig. VII-3-5. (These measurements include primarily

open coast observations, as opposed to debris lines observed along the

shores of enclosed lagoons.) There appear to be changes in storm sea level

(maximum extent of runup) around the Norton Sound coast. North of Norton

Sound the elevation was on the order of 3.25 m. Nome area data indicate

an elevation of 4 m; an extremely high debris line, over 6.5 m was noted

in Golovin Bay. In Norton Bay, to the east of Golovin Bay, elevations were

on the order of 3 m. The highest measurements, obtained on the eastern

side of Norton Sound, were on the order of 4.5 m. The elevations appear

to decrease on the southern side of Norton Sound (< 4 m), but here measure-

ments referenced to observed sea level subject to larger errors due to

astronomical tides.

Shorefast ice had begun developing in shallow water areas prior to

the 1974 storm. In the Unalakleet area an ice block lifted by the storm

sea level rise, was driven ashore by wind and breaking waves and damaged

a building. At Point Spencer in Port Clarence, ice blocks were driven

ashore as much as 100 m. Measurements of inundation by the 1974 storm

(defined as the horizontal distance between debris line and observed sea

level) varied between 24 m for a profile on the southern side of Norton
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MEASUREMENT LOCATIONS

FIG. VII-3-5. Norton Sound: Debris line, water mark and berm crest elevations, plotted versus location
(Sallenger et al., RU #431, April 1977).



Sound to over 300 m for a profile in Norton Bay. These measurements indi-

cate the distance over which ice blocks could have caused damage at these

sites. Furthermore, large logs were abundant in the debris line. These

logs, which were presumably floating nearshore, are a potential source

of damage to coastal structures. These potential consequences of storms

in this environment pose additional hazards to coastal developments over

what would result from flooding and wave activity alone (Sallenger et al.,

RU #431, April 1977).

Nelson (RU #429, April 1977) has found that storm surges also produce

extensive effects offshore in Norton Sound. Storm surges and their con-

commitant wave and current activity also cause extensive erosion of sea-

floor, resuspension of sediments, and transport of materials and associated

pollutants (Fig. VII-3-6). Large depressions in Norton Sound, similar

to those associated with gas charged sediments in the Gulf of Mexico,

could possibly be caused by intensified current scour during storm surges.

At present, there is preliminary evidence that seafloor erosion hazards

exist on local banks of steep shoals in Norton Sound and throughout swales

between sand ridges in the Bering Strait region.

Sea Ice

Thor, Nelson and Evans (Nelson, RU #429, Section E, April 1977) has

significantly advanced understanding of both sea ice and ice gouging in

Norton Sound.

The northern Bering Sea and the southern Chukchi Sea are overlain by

annual ice up to 12 and 20 m thick, respectively, during the months of

November through June. Shorefast ice up to several meters thick extends

seaward in Norton Sound to the 10 m isobath, which coincides approximately
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FIG. VII-3-6. Extensive, thick and recently deposited storm sand layer noted at the seafloor surface in largeareas of Norton Sound (Nelson, RU #429, April 1977, Section F).



with the ice shear zone. Bering Sea ice, broken up in situ, moves south-

ward during early and middle spring, whereas waning May winds allow pack

ice to be moved northward by water currents. The movement of Norton Sound

generated pack ice is more complicated; it usually moves west and south

during March and early April, then turns north and eastward into Norton

Sound during late April and May (Fig. VII-3-7). The types of ice gouging

(Fig. VII-3-8) recognized in the Norton Sound area are solitary gouges

(most abundant), ice island gouges, and pressure ridge raking. Solitary

gouges, commonly 15 to 25 m wide and about 0.75 m deep, are ubiquitous

throughout the Sound being most densely distributed around the Yukon delta.

Ninety-seven percent of the ice gouging occurs in water 10-20 m deep, with

60% of that occurring in water 10-15 m deep. Two major gouging trends

are evident in the Norton Sound area: a north-south trend "parallel to

isobaths" outside the sound proper and an east-west trend within the Sound.

The density of pressure ridge raking in Norton Sound is lower than in the

Beaufort Sea, where raking may comprise 40 to 50 percent of all ice gouging.

Additional data on Norton Sound sea ice is presented by Dupre (RU #208,

April 1977) and Stringer (RU #257, April 1977). Dupre notes that an area

of landfast ice extending seaward approximately to the 10 m isobath, fringes

the Yukon delta region for almost half the year. Pressure ridges and newly

healed leads suggest that there is significant movement within this shore-

fast ice. Studies of LANDSAT images show a 5 x 10 mile ice sheet detached

from the main ice sheet drifted over 5 miles in 24 hours. Such ice

mobility could make siting of offshore structures difficult.
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FIG. VII-3-7. Drift directions of the pack ice in the northern Bering Sea during spring, adapted from Meunch

(RU #307, April 1976). Note late spring (May) reversal of the pack ice. Zone of shore fast

ice is based on evaluation of ERTS photography (Thor, Nelson and Evans, Section E in Nelson,
RU #429, April 1977).



FIG. VII-3-8. Preliminary assessment of ice gouging in Norton Sound. Possible path of
Bering Sea ice entering the sound is indicated by arrows. It is this ice
which grounds on the Yukon Delta that accounts for the moderate to high
intensity of gouging around the delta area (Thor, Nelson and Evans,
Section E in Nelson, RU #429, April 1977).
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Confirming both Thor et al. and Dupre's observations, Stringer has

found that ice is almost constantly being moved out of Norton Sound into

the Bering Sea. Contiguous ice (ice adjacent to and continuous from the

coast) is found in shallow (< 10 m) or protected areas of the Sound.

One such area is Norton Bay; at the entrance of the Bay, open water or

new ice is usually found. Ice forming at the entrance is advected out

of the Sound. The westward movement of ice causes shear ridges to form

in such areas as across the north side of the Yukon delta.

VII-30



Chapter VII-4

TRANSPORT

INTRODUCTION

OCSEAP physical transport studies in the Norton Sound have been

initiated only recently. During the last reporting period, three field

cruises were conducted from August to October 1976. A sampling operation

was also carried out during February-March 1977 using helicopters as plat-

forms (Coachman et al., RU #541, April 1977). Hydrographic data were

collected with a Plessey 9040 CTD profiler and current meter data were

obtained with Aanderaa RCM-4 units lowered from the ships. Moored current

meters were installed in September 1976 and will be retrieved in summer

1977. A three-dimensional finite difference model to predict the circu-

lation pattern is also being developed (Leendertse and Liu, RU #435).

Total suspended matter transport studies in this area have also yielded

important information on the circulation regime of this area (Cacchione and

Drake, RU #430).

General Hydrography

The hydrography of Norton Sound can be characterized by two well

mixed layers separated by a well-defined pycnocline. The upper layer is

wind mixed and the lower layer is probably mixed by tidal currents. The

stratification of the pycnocline varies from 2.5 sigma-t units per meter

at the head of Norton Sound to 1.5 sigma-t units per meter at the mouth.

In general the density of the water increases towards the mouth. Along

the northern coast, south of Nome, there is a core of low density (sigma-t

less than 21) water that has a short east-west extent (less than 75 km).
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Also along the northern coast high density (sigma-t greater than 24)

water can be found in deep troughs.

The authors infer from the hydrography that the circulation system

in Norton Sound is composed of two regimes: the western two-thirds of

the Sound where there are relatively strong currents and the eastern

third where only sluggish currents exist. The hydrography of the western

Sound suggests that a high speed, seaward coastal current exists along

the northern coast and that a wide, lower speed, northward and up-sound

flow exists over the southern part. Evidence for this proposed circu-

lation system is the areal distribution of temperatures that are associated

with the 21.0 sigma-t line (which is in the pycnocline). This distribution

(Fig. VII-4-1) implies an inward flow of relatively warm water into the

Sound through the southern and central regions of the mouth. Farther to

the north there appears to be an outward flow of slightly cooler water.

Time series of vertical density profiles at several locations indi-

cated the presence of internal waves. The change in the depth of the

pycnocline was typically 5 m and occurred at tidal or higher frequencies.

The oscillations observed 15 km southwest of Nome were related to tidal

effects and indicated the possibility of a cyclonic, amphidromic system

centered in the western-central part of the Sound.

Current Meter Observations

Vertical profiles of currents were measured at several locations,

usually over a 25 hour period (Fig. VII-4-2). The fastest currents were

observed at 2 m depth, 15 km southwest of Nome; the maximum speed was

50 cm/sec. In general the currents were largest near the surface and

decreased to a minimum near the bottom, except at Station N3 where there
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FIG. VII-4-1. Temperature on the sigma-t = 21 surface in Norton Sound (Coachman et al., RU #541,
April 1977).



FIG. VII-4-2. Mean currents and winds at the five time-series stations in
Norton Sound (Coachmen et al., RU #541).

Stations 22 and N3 were approximately 15 km southwest of Nome.
The other stations were in a line south of Station 22 and they
stretched almost across the mouth of Norton Sound.
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was a subsurface maximum in the currents. With the exception of the

two stations close to the northern coast (N3 and 22) the mean currents

had the magnitude and direction expected for an Ekman type forcing. The

individual current observations showed fluctuations that were unrelated

to wind fluctuations.

The observed behavior at Stations N3 and 22 can be explained by their

close proximity to the coast. The mean, near-surface current at Station 22

was essentially parallel to the wind; the absence of Ekman veering was

probably caused by the constraint of the coastline. It also had faster

speeds than are accountable for by Ekman forcing. This current is probably

driven by a westward baroclinic forcing as well as by the local wind.

The baroclinicity is to be expected because of the infusion of low density

run-off from the northern coast. (Yukon River water is not a factor; see

below.)

The ten hour means of currents at N3 did not have the Ekman relation-

ship with winds and although N3 was located only two kilometers from Station

22 and was occupied two days later its currents bore no resemblance to

those of Station 22. This behavior at N3, and the subsurface (ice surface)

current maximum there were probably caused by a sea level forced, barotropic

current. The local winds veered during the observation period and the

sea surface slope could have then driven an eastward barotropic current.

All of the mean currents across the mouth of Norton Sound were direct-

ed westward (except at N3), thus appearing to violate continuity restric-

tions. However, the observations at the several locations were not synop-

tic. Also since the currents seem to correspond well to local winds, these

one day averages may not be indicative of the long-term circulation.
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The circulation system, derived from a study of the hydrographic data,

proposed by the authors is shown in Figure VII-4-3. It consists of a

cyclonic gyre with a narrow (limited to 15-20 km off the northern coast),

fast current transporting water out of the Sound and a wider, inflow

through the southern and central areas of the mouth.

The eastern third of the Sound does not play as active a role as the

western part. In the east there are cold waters which appear to be

remnants of the previous winter since there is no observed summer source

for these waters in the western Sound. Such a situation would require

that there had been little vertical mixing, little horizontal advection

and little heating due to solar insolation. A vertical mixing coefficient

-2 2
of 2.5 x 102 cm /sec is calculated which seems reasonable based on the

high stability. There had been no major storms to provide mixing in the

area for two months previous to the hydrographic sections. The absence

of solar heating of the lower waters could be due to the high sediment

load. Although there is probably no active advection between the western

and eastern circulation systems, there is probably some entrainment which

could account for the cooler waters exiting the Sound (Fig. VII-4-1).

NUMERICAL MODELING

A numerical circulation model, similar to the one for the Bristol

Bay Basin, is being developed for the Norton Basin (Leendertse and Liu,

RU #435, April 1977). So far progress has been made in the treatment of

open boundary conditions, to show velocity field at different depths, and

on graphic presentation of current and water level isopleths. A number

of test runs are being conducted. Once some results have been obtained,

field data requirements (e.g., tide data input) and sampling locations

will be specified.
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FIG. VII-4-3. Schematic of a circulation model for Norton Sound based on September-October water mass
data (Coachman et al., RU #541, April 1977).



Sediment Distribution and Transport

In an experiment to determine the transport of sediments in Norton

Sound, Cacchione and Drake (RU #430, April 1977) made observations that

supplement those by Coachman et al. Numerous stations were made in the

Sound to measure surface temperature, salinity and the total suspended

matter (TSM). In addition, the GEOPROBE (Geological Processes Bottom

Environment) instrument package was deployed about 55 km south of Nome.

Data from the pressure sensor on GEOPROBE indicated a tidal range

of 0.6 m and semidiurnal oscillations. The associated current meter

showed diurnal oscillations of about 10 cm/sec. There was no apparent

visual correlation between Nome winds and the bottom currents.

On the basis of the distribution of surface salinities and of TSM,

Cacchione and Drake conclude that the eastern Sound is isolated from the

western Sound. The near-bottom TSM distribution (Fig. VII-4-4) implies

that Yukon River derived sediment flows northwest (the mean GEOPRORE

currents were northwestward) and becomes the predominant source of near-

bottom suspended matter off Port Clarence and in the Bering Strait. The

surface salinities imply that there could be a flow southwest across the

mouth of the Sound toward Stuart Island. Neither of these data sets

support the model proposed by Coachman et al.

Although surface values of TSM show an order of magnitude drop as

one approaches the eastern Sound near Stuart Island, the bottom TSM do

not. In fact there are near-bottom concentrations of suspended sediment

exceeding 5 mg/l throughout Norton Sound and these sediments contain more

than 80% Yukon River derived inorganic silts and clays. Also the hori-

zontal uniformity of near-bottom TSM values in the eastern Sound suggest

a circulation that is not sluggish.
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FIG. VII-4-4. Total suspended matter one meter above the bottom,
September-October 1976. Values are in mg/l
(Cacchione and Drake, RU #430, April 1977).

For now, it appears there are two pictures of the circulation system in

Norton Sound that are not in agreement. The long-term current meter

records due to be recovered in August should help to alleviate this situ-

ation. It is possible that infrequent, strong storms could be producing

the conflicting evidence. Such storms could be the major transport mech-

anism for sediments in the Sound and yet would have only a temporary

influence on the mass distribution and the circulation system.
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Chapter VII-5

RECEPTORS

PLANKTON

OCSEAP plankton studies in the Norton Sound during 1976-77 were

limited to zooplankton and micronekton density distribution studies by

Cooney (RU #426, April 1977). A total of 116 stations were sampled in

the Norton-Chukchi Sea in August 1976. In addition, temperature, salinity,

micronutrients, chlorophyll and zooplankton samples were collected near

the coast, not more than 1 mile from the beach, in Norton Sound from June

to September 1976. A total of 168 zooplankton samples were collected:

17 in June, 62 in July, 61 in August, and 28 in September. Only a small

portion of the collected samples have been analyzed and reported. Data avail-

able so far indicate that summer zooplankton community is characterized by

predominantly neritic species, such as cladocerans and Acartia sp. Zoo-

plankton species distribution is probably continuous from Bristol Bay to

Point Hope.

Species composition data from seven stations in the Norton-Chukchi

area, three (#12, 25, and 110) in Norton Sound, have been reported. Out

of a total of 60 different taxa identified from these samples, 26 were

represented at Station 12, 23 at Station 25, and 24 at Station 110.

Station 51, located in the Bering Strait, was represented by 41 taxa.

Five taxa were common in the Norton-Chukchi samples (7 stations): Aglantha

digitale (mudusa), Calanus glacialis, Pseudocalanus spp., Acartia longiremis

(all copepods), and Sagitta elegans (chaetognath).

Analysis of a small portion of samples collected near the coast in

Norton Sound showed only 20 different taxa, with the copepod, Acartia

clausi, and the cladoceran, Evadne nordmanni, being the dominant species.

Only 8 of the 20 taxa were common with those identified at Station 25, a

few miles seaward.
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BENTHOS

Littoral Biota

The coastal zone of Norton Sound has been flown by Zimmerman et al.

(RU #78/79, April 1977) to provide data for an atlas of major beach types;

beach slope and biological cover data will also be included (Table VII-5-1).

In addition, Zimmerman's group has completed a reconnaissance of the

littoral benthos of the Yukon-Kuskokwim Delta region (Fig. VII-5-1) and

SCUBA surveys have been conducted (August 1976) at ten coastal sites, mostly

in northern Norton Sound (Fig. VII-5-2).

Yukon-Kuskokwim Delta. Little or nothing was previously known of

the biological significance of this coastline. Nine coastal sites (Fig.

VII-5-1) were visited; pertinent data are given in Table VII-5-2. The

principal conclusions of the reconnaissance were as follows:

* The delta coastline from Pikmiktalik south to Black River
is almost entirely a low peat bluff which grades abruptly
into a fine sand and peat hummock substrate. This inter-
tidal zone appears to be void of any sessile benthic
macro-invertebrates.

* The presence and absence of drift remains over the northern
part of the delta is probably more a result of the hydro-
dynamics of the coast and lack of suitable beach types
for accumulation than an indicator of the presence or ab-
sence of sublittoral biotic communities. Drift remains
do indicate the presence offshore of a Macoma balthica-
Mya arenaria community.

* Exposed coastline in the Hooper Bay area consists of wide
flat sandy beaches. Amphipods were the only intertidal
animals found. Drift remains indicate the presence off-
shore of a number of different biotic assemblages which
are probably related to substrate types.

* Rocky intertidal areas near Tununak, Nelson Island, ex-
hibited sparse populations of fairly typical rocky inter-
tidal animals. Aerial reconnaissance of rocky headlands
at Cape Romanzof showed evidence of similar communities.
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TABLE VII-5-1

Number of miles and percentage of major intertidal substratum types around
Norton Sound, from Sheldon's Point on Yukon Delta north to Cape Prince of
Wales (Zimmerman et al., RU #78/79, April 1977).
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FIG. VII-5-1. The Yukon-Koskokwim Delta Region showing locations of coastal
reconnaissance (Zimmerman et al., RU #78/79, April 1977).
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FIG. VII-5-2. Norton Sound showing location of subtidal sampling sites (Zimmerman et al., RU #78/79, April 1977).



TABLE VII-5-2

Delta Coastal Sites and Pertinent Data (Zimmerman et al., RU #78/79, April 1977).



* A protected lagoon at Hooper Bay is a habitat for shell-
fish resources by people of the nearby village.

Northern Norton Sound. One of the most prominent biological features

of Norton Sound was the near-total absence of kelps. With the exception

of a few small Alaria sp. at Sledge Island and some very small Laminaria-

like algae at Bluff, no broad blade brown algae were seen in the entire

Sound.

Although the subtidal biological communities within Norton Sound

comprise a large number of species, certain organisms and assemblages were

dominant. One of the most obvious assemblages was that of mussels,

barnacles, filamentous red algae, and caprellid amphipods. This combina-

tion of organisms was seen frequently, especially in the southern and

eastern parts of Norton Sound. A starfish, probably Asterias sp. and the

crab Telmessos were common in a variety of habitats. Other common inverte-

brates were hydroids, sponges, anemones, soft corals, bryozoans, green

urchins, cucumbers, nudibranchs, limpets, gastropods, and tunicates. Less

common, or only common at a single site, were king crabs (both red and blue),

phoronids, and shrimps (pandalids, crangonids, and hippolytids). Sandy

areas had abundant annelid worms, clams, and sand dollars. Among the fishes

seen, cottids, stichaeids, gadids, and agonids were most common. In sand

areas, sandlances and flatfish (mostly small juveniles) were abundant.

Collections of dead fish in the water beneath bird rookeries included

sandlances and juvenile salmon. Several wolf fish were collected and found

to be feeding mostly on blue mussels.

Among midwater organisms seen, the jellyfish Cyanea sp. and Aurelia

sp. were most prominent at several locations in the northwest part of Norton
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Sound. The Cyanea were seen capturing very small fish larvae, yet also

safely harboring inch-long young-of-the-year gadids near and among the

tentacles.

Evidence of ice scouring was apparent at several sites in the form

of deep gouges in the soft substrate at 12-14 m depths. Ice wear on the

boulder tops in shallower water could be inferred from the uniformly

small size of the Mytilus populations covering the uppermost parts of

those rocks. Those small mussels (~ 1 cm) were probably all young-of-

the-year and had set and grown after the departure of the ice in the spring

of 1976. Larger, and probably older, Mytilus were present in crevices

and on the more protected sides of boulders.

The Cape Wooley site was located 6.4 km offshore in 16 m of water.

The only algae seen were coralline forms. Sponges, anemones, hydroids,

soft corals, bryozoans, nudibranchs, clams, and gastropods were present.

Echinoderms were more common that at sites in Norton Sound; four species

of stars, one species of cucumber and one species of urchin were seen.

Two brachyuran crabs (Hyas sp. and Telmessus sp.) and king crab (red) and

hermit crabs were present. Other crustaceans included captellids and other

amphipods, pandalid and crangonid shrimps, and barnacles. Solitary and

colonial tunicates were also present.

The King Island site was also distinctive. Kelps were abundant here

(Laminaria, Alaria and Agarum), growing mostly from the ice-sheltered

crevices and sides of boulders. Other organisms seen at King Island but

not elsewhere, included at least two starfish (crossaster sp. and Leptas-

terias sp.), basket stars (one individual was seen at Sledge Island), the

crab, Hyas coarctatus, and the solitary tunicate, Boltenia sp. Many adult
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blue king crabs were also present in the deeper areas surveyed. The mid-

water environment was more richly populated with prominent organisms than

it was in Norton Sound. Cyanea sp., Aurelia sp., and at least one other

species of scyphozoan were present. Three genera of ctenophores were

abundant. At least two species of pteropods, one species of chaetognath

and one species of appendicularian were also present. Near the bottom

were very dense swarms of large mysids.

Evidence of ice scouring was present at King Island from the shallow-

est depths down to at least 85 feet, the deepest area surveyed. Boulder

tops in shallow water were devoid of perennial populations of organisms,

and patches of sand and gravel in the deeper water showed deep furrows

that could only have come from ice gouging. In spite of the effects of

ice, however, King Island still supports dense and varied populations of

sessile organisms in addition to the many mobile and pelagic animals in

its subtidal environment (Zimmerman et al., RU #78/79, April 1977).

Benthic Biota

Little is known about the biology of the epifaunal invertebrate com-

ponents of the shallow nearshore benthos of Norton Sound and the Chukchi

Sea, and yet these components may be the ones most affected by offshore

petroleum development.

Feder et al. (RU #502, April 1977) have therefore undertaken a trawl

survey of the benthic epifauna of both Norton Sound and the Chukchi Sea.

Analysis of data on biomass, abundance, and distribution of benthic epi-

faunal invertebrates as well as tabulation of species for Norton Sound

and the Chukchi Sea will be available in Feder et al.'s Final Report.
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Currently available data include a species list for the combined

areas, and feeding data for the starry flounder (Platichthys stellatus),

6 sea stars (Leptasterias sp., Leptasterias polaris ascervata, Lethasterias

nanimensis, Solaster endeca, Evasterias echinosoma, and Asterias amurensis),

and 2 ophiuroids (Ophiura sarsi and Gorgonocephalus caryi). Mollusca,

Crustacea, and Echinodermata were the dominant phyla in the study area in

terms of number of species with 91, 41, and 23 species, respectively.

Mollusca and Echinodermata were the major food items taken by the species

selected for food-habit studies.

The joint National Marine Fisheries Service trawl survey for investi-

gation of demersal fishes and epifaunal invertebrates was effective, and

excellent spatial coverage of the shelf of the northeastern Bering Sea

and southeastern Chukchi Sea was obtained. Integration of information on

these two faunal groups will enhance our understanding of the shelf eco-

system there.

A large number of the species collected in the study area were either

sessile or slow moving forms. Many important food organisms were deposit

feeders or were species capable of using this feeding method part of the

time. Both these groups could be greatly affected by oil spills in the

area because of their inability to leave the area or because of their de-

pendence on the sediments for feeding.

Feeding Biology

Analysis of stomach contents of the starry flounder (Platichthys

stellatus) and sea star (Leptasterias polaris ascervata) showed many

differences in the feeding habits of these animals between Norton Sound

and the Chukchi Sea. Starry flounders from Norton Sound used mainly the
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deposit-feeding clam, Yoldia sp., and the small brittle star, Amphipholis

pugetana as food while starry flounders from the Chukchi Sea concentrated

on the worm, Echiurus echiurus, and the prickleback fish, Lumpenus fabricii.

Leptasterias polaris ascervata, the only sea star for which sufficient

data exists to compare areas, fed primarily on sand dollars (Echinarachnius

parma) and barnacles (Balanus sp.) in Norton Sound while in the Chukchi Sea

it fed on the snail, Natica sp., and the polychaete worm, Cistenides sp.

Only general comments on feeding are possible for the other species

examined. Both Evasterias echinosoma and Lethasterias nanimensis fed

primarily on molluscs. The brittle star, Ophiura sarsi was taking small

crustacea while the single, Solaster endeca and the single, Asterias amurensis

examined were using Gorgonocephalus caryi and Echinarachnius parma, respect-

fully. All Gorgonocephalus caryi had empty stomachs (Feder et al., RU #502,

April 1977).
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FISH

In a review of the historical literature, Barton (RU #19E, April 1977)

found that pelagic forage fish have been an essential component in the

diets of native peoples of western Alaska. Herring catches in Norton Sound

have also contributed substantially to historic domestic commercial fishing.

Although once a major industry operating out of Unalaska, today, domestic

commercial herring fishing operates on a sporadic basis.

Barton (RU #19E, April 1977) also points out that the commercial salmon

harvest in Norton and Kotzebue Sounds is an essential component in the

local economics. From 1964-76 a limited commercial herring fishery has

operated out of Unalakleet and St. Michael; the total catch for the period

was 100 mt.

In recent years subsistence fishing for Pacific herring (Clupea

harengus pallasi) has declined substantially due to the replacement of

dog teams by gasoline powered snow machines. In general, the native

peoples inhabiting Norton Sound are more dependent on subsistence fishing

than those living around Kotzebue Sound. Restrictions on the commercial

use of salmon in Norton Sound may also explain why more forage species

are used as subsistence species.

From aerial surveys, Barton (loc. cit.) reports that in Norton Sound

herring spawn from late May through July, primarily from 1 June to 14 June.

The greatest concentrations of herring were reported along the mainland

shore from Stuart Island to Unalakleet.

Discussions with the native people indicate that a second run of

herring also occurs in Norton Sound during late September or early October,

generally along the north shore. Investigations by Barton (loc. cit)
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indicate that this run is not for spawning and the fish are of prime quality.

However, subsistence fishing on these runs is limited to only a few north

coast villages in Norton Sound. However, if herring are utilized by Kotzebue

Sound villagers, it is this fall run that receives the most attention.

Ground surveys with gill nets and beach seines were used in an effort

to quantify aerial surveys, and to establish the distribution and abundance

of nearshore fish populations. A total of 35 finfish species were caught,

Arctic char (Salvelinus alpinus) being the species most frequently caught.

Six other species of salmon and whitefish were also common; starry flounder

(Platichthys stellatus) and rainbow smelt (Osmerus mordox) occurred fre-

quently.

The gill net catch per unit effort (CPUE) averaged 5.2 fish/hr and

beach seine hauls contained 232.2 fish/set. The largest catches by gill

net were 9.2 fish/hr, occurring in the Eggvik-Tolstoi Point area. The

largest beach seine catches occurred in Golovin Bay, where 348.6 fish

per set were taken.

Saffron cod (Eleginus gracilis), Bering cisco (Coregonus laurettae),

and least cisco (c. sardinella) were the species most frequently caught

in gill nets, occurring with frequencies of 28, 21, and 20%, respectively.

Rainbow smelt, Bering cisco, and saffron cod were the species most fre-

quently obtained in beach seine hauls, occurring with frequencies of 59,

52, and 42%, respectively. The most abundant species was Pacific sandlance

(Ammodytes hexapterus), followed in abundance by rainbow smelt and saffron

cod.

Pereyra et al. (RU #175, April 1977) and Barton (RU #19E, April 1977)

utilized a stratified systematic sampling scheme to survey the demersal
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and pelagic fish resources of Norton Sound and the eastern Bering Sea.

The data obtained on pelagic fish resources was generally limited and was

only qualitatively valuable. Gill netting indicates that Pacific herring

and rainbow smelt were the dominant pelagic species. Populations of these

species were greatest nearshore. Other pelagic species include Arctic

char and pink (Oncorhynchus gorbuscha) and chum (o. keta) salmon.

Pereyra et al. (RU #175, April 1977) report that demersal fish catches

were generally low throughout the entire survey area; average catches were

less than 50 kg/30 min trawl. Trawling also indicated that the most

productive regions were in the nearshore zones.

The demersal catch was dominated by species from the families gadidae

(codfish), plueronectidae (flounders), osmenidae (smelt), clupeidae

(herring), and cattidae (sculpins). Codfish were most abundant in the

Norton Sound and Chukchi Sea proposed lease areas; saffron cod was the

most abundant species in Norton Sound. Juvenile saffron cod were generally

restricted to depths of less than 25 m; density typically decreased with

increasing depth.

Alaska plaice (PZeuronectes quadrituberculatus) was the most common

flatfish caught; starry flounder and yellowfin sole (Limanda aspera) also

occurred frequently in catches south of the Bering Straits. Starry flounder

and yellowfin sole were generally restricted to shallow areas; none of

these were caught in water depths greater than 50 m.

Pacific herring and rainbow smelt were caught frequently in demersal

trawls. These species showed some regional preference in habitat; i.e.,

smelt occurred more frequently in Norton Sound than in the Chukchi Sea;

on the other hand, herring were more common in the Chukchi.
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Sculpins occurred in almost every demersal trawl catch. The most

common species caught were the plain sculpin (Myoxocephalus joak), shorthorn

sculpin (M. groenlandicus), antlered sculpin (Enophrys diceraus), and arctic

staghorn sculpin (Gymnocanthus tricuspis).

In an effort to establish reliability in catch effort, Pereyra et al.

(RU #175, April 1977) made several trawls over a 24 hour period. Using

the catch rates for yellowfin sole, starry flounder, Alaska plaice, saffron

cod, rainbow smelt and Pacific herring, Pereyra et al. found that daytime

catches were significantly higher for four of these six species. However,

they found that the time of day was not really significant in determining

the number of species caught.
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BIRDS

Avian studies in the Norton Sound region, included investigations of

seabird nesting ecology at Kongkok Bay, St. Lawrence Island (Searing,

RU #470, April 1977), population, community structure, and ecology of

seabirds at King Island (Drury, RU #447, April 1977), birds of coastal

habitats on the south shore of the Seward Peninsula (Drury, RU #237, April

1977), the ecology of bird communities of the Akulik-Inglutalik delta

system at Norton Bay (Shields and Peyton, RU #458, April 1977), shipboard

(Gould et al., RU #337, Part I, April 1977) and aerial surveys (Harrison

et al., RU #337, Part II, April 1977) of marine birds, and characterization

of coastal habitat for migratory birds (Lensink and Jones, RU #488, April

1977).

Seabird Studies at Kongkok Bay, St. Lawrence Island

Searing (RU #470, April 1977) studied the phenology, abundance, pro-

ductivity, and feeding habits of seabirds nesting on the cliffs and talus

slopes of Owalit Mountain and Ivekan Mountain, Kongkok Bay, St. Lawrence

Island. Crested and least auklets, common and thick-billed murres, and

black-legged kittiwakes were the major species studied. As a result of

persistent snow cover, the start of the breeding season was delayed.

Least and crested auklets began arriving in nesting colonies about a week

later than usual; the earliest birds were able to find nest sites and to

nest on schedule, but the bulk of the population was delayed by a week

or more. The peak of hatching for least auklets occurred on 25 July, and

for crested auklets, which required larger and deeper crevices, on 11

August. Murres also began nesting late, but kittiwakes did not, as their

nest ledges became snow-free early in the season. The phenology of the

nesting season is summarized in Table VII-5-3.
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TABLE VII-5-3

Summary of Phenology of the Breeding Season of Seabirds at Kongkok Bay During 1976 and Relation to "Normal"
Breeding Chronology (Searing, RU #470, April 1977).



Population sizes of several seabird species have changed at Kongkok

Bay in the past two decades (Table VII-5-4). Using Bedard's census methods,

to ensure strict compatability, Searing found that least auklets had in-

creased by 95% (to 336,000 birds) and crested auklets by 18% (to 173,000

birds) since 1957. Also, the proportion of these species had changed;

at present the least auklet is approximately twice as common as the crested,

whereas in 1966 it was only slightly commoner. Reasons for these changes

have not been determined.

While auklets were increasing, other species were showing apparent

decreases. In 1972, murres (in this region thick-billed murres outnumber

common murres by 2:1) totalled 60,000 birds as compared to 16,000 in 1976.

And the number of black-legged kittiwakes present in 1976 (1700 to 1900

birds) was only 12.5% of the number present in 1972. Whether these shifts

represent real declines or, perhaps, reflect the failure of birds to

attempt nesting in 1976 cannot yet be determined. Data for other species

at Kongkok Bay do not suggest any marked shifts in abundance.

Estimating populations of colonial seabirds is inherently difficult

and requires detailed knowledge of the behavior and daily movements of

each species. Nettleship, studying common puffin colonies in Newfoundland,

found that numbers fluctuated on a 4-5 day cycle and were highest in the

early evening. With this lead, Searing was able to determine that the

closely-related horned puffin showed a 6-day cycle in abundance.

Habitat preferences of auklets were studied using multiple regression

analyses. The density of nesting least auklets was correlated with the

steepness of the talus slope, the distance from the edge of the talus,

the depth of scree, the sphericity of the boulders, and the number of
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TABLE VII-5-4

Summary of Nesting Seabird Populations¹ on St. Lawrence Island,
Alaska (Searing, RU #470, April 1977)
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crested auklets. For crested auklets, the direction of the face of the

talus slope, depth of scree, and the volume and the diameter of boulders

were the most important factors. These results differ from those of

Bedard who used simple linear regression for his studies.

Hatching success varied considerably. Least auklets hatched approxi-

mately 60% of their eggs, and about half of the chicks survived to fledging.

Hatching success for crested auklets approximated 30%; fledging success

was not determined. Both species showed high susceptibility to human dis-

turbance, and failure of the eggs to hatch was the major cause of nesting

failure; loss to predators (glaucous gulls, arctic foxes) was second.

In murres, hatching success (66%) and fledging success (88% of hatched

eggs) was high. Birds nesting later in the season had higher reproductive

success than those nesting earlier, presumably because the higher density

of adults on the cliffs reduced the ability of gulls to rob eggs.

Reproductive success among black-legged kittiwakes was poor; no more

than one chick hatched from the 50 nests that were studied.

In July 1976, adult least auklets fed largely (87% of diet) on decapod

crustaceans. Studies earlier in the season, in previous years, indicated

that copepods (42%) were the dominant prey. Additional studies are needed

to determine whether this may indicate a seasonal shift in prey abundance

or an annual change in environmental conditions.

Copepods (identified as Neocalanus plumchrus) were the major foods

fed to auklet young in 1976. In 1964-66 another copepod, Calanus marshallae,

predominated; it was not encountered in 1976. Possibly auklets were re-

sponding to a "bloom of v. plumchrus" and fed opportunistically. Interest-

ingly, in 1964-66, crested auklets were fed largely on euphausiids, which
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are approximately twice as large as copepods. As a result, auklets may

have had to expend more energy obtaining food in 1976 than in other years.

However, data on growth and survival rates of the chicks are too few to

test this.

Murres fed largely on fish, amphipods, and decapods, but apparently

took invertebrate prey in higher numbers at Kongkok Bay than elsewhere

in the Bering and Chukchi Seas.

Kongkok Bay is not used heavily as a feeding area. Most of the local

seabirds move to the northwest tip of St. Lawrence Island, where currents

create rich feeding conditions. Daily movements of 50 km + from the colonies

are indicated, and some birds may feed as far away as the Anadyr Straits

off the Chukotsk Peninsula.

Seabird Studies at King Island, Bering Strait

King Island is a major breeding area for common and thick-billed

murres, horned puffins, and least, crested, and parakeet auklets; it also

supports important populations of pelagic cormorants, tufted puffins, and

pigeon guillemots. Field work by Drury (RU #447, April 1977) in June and

August 1976 was primarily concerned with determining the distribution,

abundance, breeding schedule, and reproductive success of these species,

as part of a larger study of the ecology of waterbirds in the Norton Basin

(see below).

Although little published information is available on King Island,

baseline data were obtained through Ed Muktoyuk, a former resident. Data

on population sizes, breeding schedule, and productivity in 1976 are

summarized in Table VII-5-5.
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TABLE VII-5-5

Population Estimates, Breeding Schedule and Productivity of
Seabirds at King Island, 1976 (Drury, RU #447, April 1977)
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Because of an interrupted field schedule, information on produc-

tivity is sketchy. In general, poor breeding success seemed to charac-

terize the season for kittiwakes, murres, and puffins; Drury attributed

this to local food shortages. Kittiwakes, as elsewhere in the region,

failed to nest successfully; only about 20% of the murre nests produced

young. Reproductive success among puffins was considered low.

At King Island, thick-billed and common murres occur in approximately

equal numbers. Drury suggests that when fish populations are low or

fluctuate, the thick-bills have an advantage, as they are better adapted

to feeding on crustaceans and thus can shift to alternate prey.

Several arctic fox dens were located on King Island but these preda-

tors seemed to have little impact on the breeding avifauna. Auklets were

the major food of the foxes.

Data on the foraging ranges of seabirds were collected by aircraft

(4 June) and by boat (5-13 August, 5-7 September). Early in the season

birds congregated in leads near breeding islands. Later, however, murres

and auklets foraged tens of miles from the island. Concentrations were

found west of Sledge Island and to the north and west of King Island, in

the Chirikov Basin.

Drury inferred that a local food shortage contributed to the breeding

failure and caused the murres to forage so widely. Understanding the

nature and extent of these movements is critical to any management plan,

as the birds' ranges may vary widely from year to year, in response to

resource availability. As a result, the effect of oil spills far from

any breeding colony may be pronounced.

Drury considers that the speed and efficiency of aerial surveys, as

opposed to boat transects, far outweigh their disadvantages.
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Birds of Coastal Habitats on the South Shore of the Seward Peninsula

Drury surveyed the south shore of the Seward Peninsula to gather

data on population structure and breeding ecology of the major seabird

colonies, and to determine important areas and habitats for migratory

shorebirds and waterfowl. The study area extended along the north shore

of Norton Sound, from Brevig Mission to Stuart Island, including Egg

Island, Besboro Island and Sledge Island.

Results of the seabird colony censuses are presented in Table VII-5-6.

Obtaining accurate census data was extremely difficult because of seasonal

and daily fluctuations in abundance. At some colonies, population size

dropped by as much as 40% in 1976, whereas other colonies showed no de-

clines. Factors controlling the differences could not be determined.

Major efforts were concentrated at Bluff, where the cliffs support large

colonies of murres and black-legged kittiwakes. These colonies are con-

sidered of international significance. Other smaller colonies at Cape

Denbigh, Square Rock, Egg Island, and Sledge Island are important, in

part because they provide alternate nesting areas for the major species.

Cape Darby, Rocky Point, and Topkok are important nesting areas for pelagic

cormorants, and Stuart Island, Besboro Island and Cape Darby are important

for horned puffins.

The absence of forage fish, particularly sand lance and pricklebacks,

which comprise up to 73% of the diet of several species, had a severe

effect on productivity in 1976. The breeding period for most species was

protracted, as the adults were forced to spend long periods foraging away

from the colony, leaving the early eggs exposed to predators. Chick pro-

duction in black-legged kittiwakes, which ranged from 0.04 to 0.38 chicks
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TABLE VII-5-6

1976 Colony Censuses Along the South Shore of the Seward Peninsula (Drury, RU #237, April 1977)



TABLE VII-5-6 (cont'd)

1976 Colony Censuses Along the South Shore of the Seward Peninsula (Drury, RU #237, April 1977)



per pair, was approximately 5% of that realized in 1975; breeding success

was slightly improved in colonies in the eastern part of Norton Sound.

The number of breeding murres was 20-30% lower than in 1975. Egg

production in thick-billed murres, which feed extensively on crustaceans,

was much higher than for the fish-eating common murres (1.05-1.13 eggs

per pair vs 0.45-0.47); hatching and fledging success seemed to be about

equal. Breeding success was apparently low among horned puffins, and

glaucous gulls fared very poorly, raising only 0.43 chicks/pair. Pelagic

cormorants reproduced normally (1.5-1.9 chicks/pair).

The dependence of these vast seabird colonies on a very narrow food

base means that widespread breeding failures will occur periodically as

forage fish populations decline. Seabirds have a series of adaptations

that allow them to cope with these perturbations in the environment and

short-term changes are probably of minor significance. The major feeding

ground for Norton Sound seabirds appears to be west of Sledge Island, and

to the north and west of King Island.

Ravens, glaucous gulls, golden eagles, peregrine falcons, red foxes,

and short-tailed weasels are potential predators on the seabirds at Bluff.

Murres and kittiwakes are the major prey species, and the major effects

of predation occur early and late in the season, when the density of adults

on the cliffs is too low to offer protection to the eggs or chicks. Ravens

are the most important predators, taking an estimated 5-7% of the murre

eggs, as well as small chicks. Glaucous gulls also take eggs and chicks,

but the other predators have minimal impact. Egging by humans is of minor

consequence. The distribution of seabird colonies is strongly influenced

by their availability to foxes.
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Productivity of whistling swans on the tundra was estimated at 1.5

chicks/pair. Data for other species are too few for analysis. In spring

migration, waterfowl concentrated in leads near the mouths of major rivers.

The limited amount of open water makes the birds particularly susceptible

to pollution at this season. Aerial surveys in fall (August-October)

indicate that Golovin Lagoon was the most important staging area for geese,

ducks, and swans; densities there being over 10 times greater than in other

areas. The marshes in the vicinity of Koyuk, and along the lower reaches

of the Kwik River were also important. Interestingly, large areas of

potentially good habitat contained no major concentrations. Mudflats near

Safety Lagoon are considered the major staging area for shorebirds in the

region in fall.

Bird Communities of the Akulik and Inglutalik Delta System

Shields and Peyton (RU #458, April 1977) conducted field studies at

the deltas of the Akulik and Inglutalik Rivers, at Norton Bay, from 4 June

to 24 August. This is an important breeding and migrating area for water-

fowl and shorebirds and has not been studied previously. Eighty-three

species were observed, of these, 46 nested and 23 commonly (Table VII-5-7).

Hawks, owls and pomarine and longtailed jaegers did not breed in the are.,

presumably because small mammals were absent from wet tundra habitats.

Nesting periods and mean hatching dates were determined for the commoner

species.

The commonest breeding birds on the delta (density given in nests/km2)

are: semipalmated sandpiper (85), western sandpiper (20), dunlin (20),

northern phalarope (35), savannah sparrow (30), lapland longspur (20);
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TABLE VII-5-7

Birds Observed at Ingulatalik-Akulik Study Area 1976

(Shields and Peyton, RU #458, April 1977)
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TABLE VII-5- 7 (continued)
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TABLE VII-5-7 (continued)
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arctic loons are the commonest waterbirds (4). These density figures are

based on extremely small census areas, and are best considered as relative,

rather than absolute, indices of abundance.

Hatching success for most marsh birds and waterfowl was low, ranging

from 20-50%, although northern phalaropes and semipalmated sandpipers

hatched approximately 90% of their eggs. However, the sample sizes on

which these figures are based are too small for confidence. The presence

of field workers was detrimental to the hatching success of some species.

Also, the area was partly inundated by a severe storm on 3 July, the peak

hatching period for several species; the possible effects of this storm

were not discussed. The only important predators in the area were red

foxes, which fed on eggs of cranes, loons, and waterfowl.

Most of the shorebirds that bred on the delta departed immediately

after nesting. Birds from other areas began to appear in August.

Hudsonian godwits, which are rare in Alaska, were seen in spring and fall,

with up to 100 being present in mid-June.

Over 2000 birds of 31 species were banded, approximately 50% of these

were savannah sparrows.

Shipboard Surveys of Marine Birds

Shipboard surveys of marine birds in the southern part of the Norton

Basin were conducted by Gould et al. (RU #337, Part I, April 1977) in August

(19 transects, 7-10 August) and September (38 transects, 1-16 September).

Densities of seabirds were exceptionally low in August, averaging only

1 bird/km2; several kinds of waterfowl, murres, black-legged kittiwakes,

horned puffins and glaucous-winged gulls were the only taxa recorded.
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Interestingly, no auklets were reported. By September density had increased

2
to an average of 42 birds/km . A wide variety of species was noted (Table

VII-5-8), but crested auklets predominated (densities of 1-29 birds/km2).

Aerial Surveys of Marine Birds

Harrison et al. (RU #337, Part II, April 1977) conducted 210 aerial

transects of Norton Basin in August and 210 in October. In August, 34 taxa

were noted, of which the commonest (in birds/km2) were: sooty and uniden-

tified shearwaters (11.1), crested auklets (10.5), unidentified murres

(8.0), least auklets (.6), and parakeet auklets (5.1). In October, 30 taxa

were recorded. Unidentified shearwaters were most abundant (21.6); densities

of other species did not exceed 1.0.

Characterization of Coastal Habitat for Migratory Birds

Lensink and Jones (RU #488, April 1977) conducted inventories of

coastal habitats in the region between Cape Newenham and the Bering Straits.

This area, which is of unique importance to seabirds, waterfowl, and

shorebirds, includes parts of four present and several proposed National

Wildlife Refuges. Most of the work was concerned with evaluating the

large amount of existing literature and unpublished materials. Major field

work involved a study of habitats along the Yukon delta (17 June - 23 July

1976) and a study of environmental conditions within 150 miles of Kotlik

(26-31 January 1977). During the summer study, the authors noted an abun-

dance of birdlife along the delta, with pintails, lesser Canada geese,

green-winged teal, shovelers, and sandhill cranes predominating; pintail

and geese populations numbered in the hundreds of thousands. In the winter

study, only four species of birds were observed.
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TABLE VII-5-8

Relative Density of Seabirds in the Norton Basin Area from Shipboard Transects in 1976
(Gould, RU #337, April 1977)



DISCUSSION

The combination of mainland, island and shipboard studies provides an

overview of avian dynamics in the Norton Sound area. The start of the

seabird nesting season on St. Lawrence and King Islands was delayed for

about one week as a result of prolonged snow cover. Comparative data from

the mainland, however, are insufficient to determine whether shorebirds and

waterfowl experienced similar delays.

Black-legged kittiwakes failed to nest successfully in the region. In

fact, they apparently disappeared from the region very early, as few were

seen from shipboard or aerial surveys. Murres on King Island and at Bluff

also fared poorly, with success rates of about 20%, whereas reproduction on

St. Lawrence Island seemed normal (Searing, RU #470). Suggested low

hatching rates of shorebirds on the Akulik-Inglutalik deltas are based on

such small samples that they cannot be compared (Shields and Peyton, RU

#458).

Drury (RU #237) and Searing (loc. cit.) each independently suggested

that large numbers of murres and auklets were wandering far for food in

August 1976, and suggested that many birds were feeding in the Chirikov

Basin and Anadyr Straits, where oceanographic conditions provide rich

feeding areas. Aerial surveys (Harrison, RU #337, Part II) confirmed the

presence and abundance of murres, auklets, and other species to the north

and west of St. Lawrence Island, and shipboard studies (Gould, RU #337,

Part I) indicated the scarcity of birds (and the total absence of auklets)

from Norton Sound.

While the importance of this area to seabird population in the Norton

Sound area requires further documentation, it seems clear that the effects

of spills in the Chirikov Basin will have widespread ramifications.
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MAMMALS

No studies were carried out during the reporting period that dealt

principally with the mammal fauna of Norton Sound. Severinghaus and

Nerini (RU #67/68/69/70, December 1976) compiled an annotated biblio-

graphy of marine mammals in Alaska that is applicable to field studies

in all areas of the state. Braham, Krogman, and Fiscus (RU #69, April

1977) studied the distribution of bowhead and belukha whales from the Bering

to Beaufort Seas, and Burns, Shapiro, and Fay (RU #248/249, April 1977)

investigated the effects of pack ice on the distribution of marine mammals.

The conclusions of these studies, as they pertain to the Norton Sound region

are summarized below. Details of the studies are presented elsewhere.

The Distribution of Bowhead and Belukha Whales in the Bering, Chukchi, and
Beaufort Seas

Braham, Krogman, and Fiscus (RU #69, April 1977) attempted to gather

baseline data on the distribution and migration of bowhead and belukha

whales in the Bering, Chukchi, and Beaufort Seas. As the bulk of the field

work for this program was carried out in the Barrow area, the results will

be summarized in the Beaufort Sea section of this report. The authors'

efforts in Norton Sound were largely concerned with reviewing existing data.

Bowhead whales leave the Bering Sea in early spring, arriving near

Point Barrow in late April or early May. They apparently by-pass Norton

Sound, the migration proceeding around St. Lawrence Island and through the

Bering Strait. No bowheads were observed in aerial surveys of Norton Sound

in 1976.

Belukhas also by-pass Norton Sound in their spring migration, and the

few reports (23 April - one; 13 June - eighteen; 26 August - four) are best
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interpreted as summering individuals, possibly immaturates, that failed

to migrate. The authors argue that belukhas are very widespread in the

Norton Sound area in June, but the sightings are so few as to suggest

that populations there must be very small indeed. In summary, this area

does not seem to be of particular importance to cetacean populations at

any season.

The Distribution of Marine Mammals in Relation to Sea Ice

Burns, Shapiro, and Fay (RU #248/249, April 1977) studied the distri-

bution and configuration of pack ice in the Bering, Chukchi, and Beaufort

Seas to determine its influence on the distribution of ice-adapted marine

mammals. Two of their 20 survey areas include parts of the Norton Sound

region. They found that ice in Norton Sound tended to be in motion most

of the winter. Ice cover was generally continuous along the south shore,

but the prevailing winds maintained areas of open water along the north

shore. Data on the distribution of marine mammals in Norton Sound, however,

have not yet been incorporated into the analysis. Data on the relationship

of walrus distribution to ice conditions are included in the Chukchi Sea

section of this report.
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CHUKCHI SEA: ENVIRONMENT, BIOTA, AND

POTENTIAL PROBLEMS RELATED TO OIL EXPLORATION

A Scientific Report Based on

OCSEAP-Sponsored Research Conducted

During FY 1977

VIII-1



Chapter VIII-1

INTRODUCTION

The Chukchi Sea (Fig. VIII-1-1; Weller, 1977) while remote in com-

parison with other Alaskan OCS lease areas, is somewhat better understood

scientifically than the even more remote Beaufort Sea. The reason for

this is that access to it is easier, more people live along its coast

and the ice-bound season is shorter. As a consequence ice breakers are

not the only scientific platforms from which one can study the marine en-

vironment of the continental shelf. For example, fish trawling studies,

which are difficult in the Beaufort Sea, have been periodically carried

out in the Chukchi Sea since the 1880s. The physical oceanography of

the Chukchi Sea has been studied in some detail and at least one book has

been written on this subject (Coachman et al., 1975). The Chukchi Sea

was also the scene of one of the first major large-scale environmental

assessments of man-made impacts on an undisturbed system in the United

States, when the coastal Cape Thompson ecosystem was studied in 1959-61

by the Atomic Energy Commission (Wilimovsky, 1966).

Whales, seals, and walrus, which feature prominently in the subsis-

tence hunting by native communities, have been studied in the past, as

have the numerous seabirds that nest in the cliffs of the Chukchi Sea

coast and generally do not penetrate into the Beaufort Sea. Soviet re-

search has also contributed to our understanding of the Chukchi Sea.

AEIDC (1975) provided a useful data summary in, "Chukchi Sea: Bering

Strait-Icy Cape Physical and Biological Character of Alaskan Coastal Zone

and Marine Environment."
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FIG. VIII-1-1. Chukchi Sea Lease Area
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The most important hazards in the Chukchi Sea, as in the Beaufort

Sea, are those due to sea ice and subsea permafrost. In fact, present

technology cannot cope with sea ice hazards outside the relatively safe

and stable shorefast ice. The general, regional nature of ice hazards

is beginning to be understood by assembling information on where and when

ice hazards occur. Mechanical properties of sea ice, ice forces applied

by moving ice to structures, and the movement of shorefast and pack ice

all need considerably more research (Weller, 1977).

No tentative lease sales schedule has yet been published by the

Department of the Interior for the Chukchi Sea region.
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Chapter VIII-2

CONTAMINANT BASELINES

INTRODUCTION

As in Norton Sound, data on the ambient levels of baseline contamin-

ants are very limited. Preliminary results indicate that the Chukchi Sea-

Kotzebue Sound proposed lease area remains pristine. Analyses of the

heavy metal composition of water and sediment samples collected in this

area have not been completed. (See the NEGOA section of this report for

additional introductory comments.)

As in Norton Sound, the concentration of high molecular weight hydro-

carbons is generally less than 1 µg/kg. This concentration is typical of

all Alaskan OCS proposed oil and gas lease areas. Shaw (RU #275/276/294,

April 1977) noted that all hydrocarbons identified appeared to be of bio-

genic origin.

The surface waters of the Chukchi Sea are relatively free of floating

tar. Tar was not collected in any of the 12 seston tows conducted. Such

results are expected in waters where marine traffic and industrial devel-

opment is low.

Low Molecular Weight Hydrocarbons

In September 1976 Cline and Feely (RU #153/155, December 1976) sur-

veyed the spatial and vertical distribution of LMWH in the Chukchi Sea

and Kotzebue Sound. In general the distribution and concentration of

LMWH appear typical of other Alaskan OCS areas sampled. However, a plume

with anomalous alkane concentrations was identified, intruding the eastern

Chukchi Sea from the Siberian Shelf. (See additional introductory comments

in the NEGOA section of this report.)
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Methane (C1)

The surface water concentrations of methane averaged 130 nl/l and

were relatively uniform throughout the eastern Chukchi Sea. However,

within Kotzebue Sound the average methane levels in the surface waters

was 338 nl/l, significantly higher than in the Chukchi proper. These

elevated levels result from the vertical flux of methane-rich water from

below (Cline and Feely, RU #153/155, December 1976).

In the near-bottom waters methane levels were highly variable, re-

flecting both localized and advective sources. The concentrations ranged

from 130 nl/l north of Shishmaref to 3,260 nl/l south of Kotzebue. The

origin of the high levels in Kotzebue Sound apparently results from (1)

anoxic conditions in the sediment and (2) limited dispersion resulting

from a strong pycnocline.

In addition to strong localized methane sources, a plume of methane-

enriched water enters the eastern Chukchi Sea from the northwest. The

source appears to originate over the Siberian Shelf and occurs as an arti-

fact of water circulation.

Ethane and Ethene (C2 )

The areal distribution of ethane and ethene concentrations shows

little spatial variability. The concentrations averaged 0.6 nl/l for

ethane and 1.2 nl/l for ethene. The systematically higher levels of ethene

presumably reflect low level photosynthetic activity in the surface waters

of the eastern Chukchi.

The concentration of ethane and ethene in the near-bottom waters

averaged 1.1 and 2.6 nl/l, respectively. The areal distribution of ethane

is quite uniform, except for the alkane-enriched plume of water entering
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from the northwest. Ethane levels as high as 3.0 nl/l were measured

within the plume. Ethene concentrations are generally low (1.1 to 2.0

nl/l) in the nearshore zone as compared to levels as high as 3.9 nl/l

near the International Date Line.

Propane and Propene (C3)

As with ethane and ethene, no localized sources of propane or propene

were observed in the surface waters. The areal distribution of these

LMWH was rather uniform. The average concentration of propane and propene

in the surface waters was 0.2 and 0.4 nl/l, respectively.

Propane levels in the near-bottom waters appear correlated, as are

the other LMWH alkanes, with the near-bottom water circulation. The con-

centrations of both propane and propene averaged 0.6 nl/l. However, the

more notable characteristic in the areal distribution of propane is the

intrusion of the alkane-enriched plume originating in the western Chukchi

Sea. In the core of the plume the concentration of propane is a factor

of 3 greater than its olefinic homolog, propene. Cline and Feely (RU #153/

155, December 1976) indicate that the ratio of propane to propene in the

plume is unusual and reflects the rather unique hydrocarbon composition

of this water mass.

Isobutane and n-butane (C4 )

The concentration of C4 aliphatics in the Chukchi Sea was generally

below the detection limit, 0.03 nl/l, for the method used.
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Diagnostic Indicators of Petroleum Introduction

The alkane-enriched plume originating on the Siberian Shelf may have

a petroleum source. The ratio of methane to ethane plus propane was

greater than 50 indicating a petroleum source. The propane to propene

ratio also indicates a petrogenic source. However, the ethane to ethene

ratio was less than 1, pointing to biogenic sources. Cline and Feely

(RU #153/155, December 1976) think that since the ethane to ethene ratio

decreases rapidly along the periphery of the plume, the original LMWH

composition has changed markedly through dilution. Without measurements

near the origin of the plume it is impossible to define the source of the

LMWH. For the most part, however, the data indicate that the source is

probably a petroleum seep rather than some unique biological or chemical

occurrence. (Additional discussions on the use of LMWH as diagnostic

indicators of petroleum contamination are located in the NEGOA, Lower

Cook Inlet, and Norton Sound sections of this report.)
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Chapter VIII-3

HAZARDS

SEISMICITY

Maximum earthquake intensities extrapolated from field data (1786-

1974) available in the Chukchi Sea region are shown in Figure 1-3-1.

Maximum intensities (greater than magnitude 6) are restricted to the

Seward Peninsula. Extrapolated intensity values initially decline west-

ward across the Chukchi Sea, then increase again as the Siberian coast

is approached (Meyers et al., 1976b). Historical earthquake recurrence

rates are not available from this region.

A six-station seismographic network was installed by Biswas et al.

(RU #483, April 1977) to provide seismic coverage to the Norton and

Kotzebue Sounds during the field season of 1976. The purpose was to

investigate the seismicity and nature of seismic sources, and for a com-

parative study between these phenomena and those known for other active

seismic zones located inland and along the coast of Alaska.

The new network around Seward Peninsula has been operating for the

last several -months. During this time, a number of local earthquakes have

been recorded and tentatively located, but detailed analysis of the data

has not been completed.

Swarms of seismic events recorded at Kotzebue (Station KTA, Fig.

VIII-3-1) differ significantly from those recorded for tectonic sources

and are attributed by Biswas et al. (RU #483, April 1977) to icequakes.

It was inferred that meteorological changes might be the dominant factors

causing the icequakes. Accordingly, the daily cumulative numbers of ice-

quakes have been compared with the net wind velocity (mph), direction
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FIG. VIII-3-1. Kotzebue Sound seismic station (KTA); equidistant lines
to the epicenters of icequakes are shown (Biswas et al.,
RU #483, April 1977).
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of the wind and the northerly component (mph) of the wind velocity (Fig.

VIII-3-2). The northerly component of the wind velocity (mph) was found

to correlate well with the increase in icequake frequency.

Examination of satellite imagery corresponding to the period of maxi-

mum icequake occurrences indicated it coincided with large-scale ice flow

from Chukchi to the Bering Sea. Biswas et al. draw the preliminary con-

clusion that either the large-scale ice flow in the open sea, due to the

high northerly component of wind, or the wind itself or a combination of

both, greatly increased the conditions of stresses of the land locked ice

sheet in Kotzebue Sound.* Owing to this, the eventual fracturing of the

ice sheet gave rise to the observed tremors recorded at KTA.

Analysis of seismic wave trains passing through the ice may permit

computation of the displacement components of the longitudinal and trans-

verse motions and thus the various components of stresses. This would

provide an independent means of assessing Arctic ice mechanics and has

important implications for OCS development studies.

FAULTING

Due to engine failure on S.P. Lee, Eittreim and Grantz's (RU #432,

April 1977) 25-day work schedule was curtailed to 5 days. These 5 days

involved deployments and recovery of Ocean Bottom Seismometers (OBS)

used to monitor earth seismicity and gather high resolution reflection

data in the south central Hope Basin.

*Similar swarms located on the ice sheet about 700 m off Barter Island
in Beaufort Sea showed little correlation with wind velocity but instead
were correlated with times of largest change in vertical tidal movements
(Crary, 1955).
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FIG. VIII-3-2. Daily cummulative number of icequakes shown in relation to net wind

velocity (mph), direction of wind and the northernly component (mph)

of the wind velocity (Biswas et al., RU #483, April 1977).
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On the north side of the Kotzebue Arch (Fig. VIII-3-3), which forms

the southern boundary of the Hope Basin, there are numerous normal and

antithetic faults. These faults displace Tertiary strata but do not

affect the overlying, acoustically homogeneous, 8 m thick Holocene layer

deposited up to 13,000 years before present. These faults are judged to

be non-active by Eittreim and Grantz.

The zone of most recent tectonic activity lies between 670 and

68.5° where motion along numerous gravity and thrust faults has produced

an east-west downdropped zone filled with young faulted sediments. A

few prominent scarps facing southwestward with slopes exceeding 10°

and heights averaging several meters were observed just off Point Hope.

These scarps could be tectonic in origin or erosional features. In either

case, they are unusual for the flat Chukchi Shelf.

GAS CHARGED SEDIMENTS

Hope Basin high resolution "Uniboom" records reveal an "acoustically

turbid" zone in the sediments at depths ranging from 5 to 15 m (Fig.

VIII-3-4). This acoustic anomaly is best explained as highly compressible

gas-saturated sediments such as is commonly found in estuaries. Its

occurrence on the north flank of the Kotzebue Arch is in a pattern parallel

to the east-west structural trend. Whether this represents gas that has

migrated upward along faults from deeper Tertiary sources or is gas gener-

ated in situ in the Holocene or upper Pleistocene sediments has not yet

been determined. Alternative explanations of these acoustic anomalies,

such as permafrost or gravel facies in the sediment, cannot be ruled out

at this point, but appear unlikely (Eittreim and Grantz, RU #432, April

1977).
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FIG. VIII-3-3. Hope Basin tectonic elements, from deep seismic data. The
numerous faults on the north side of Kotzebue Arch along
approximately 67°N are judged to be presented inactive. The
recency of the thrust faults west and south of Pt. Hope is
uncertain (Eittreim and Grantz, RU #432, April 1977).
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FIG. VIII-3-4. Distribution of "acoustically turbid" sediments (shaded) in Hope
Basin. These may represent areas of gas-charged sediments
(Eittreim and Grantz, RU #432, April 1977).
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COASTAL GEOMORPHOLOGY

Cannon (RU #99, April 1977) acquired low-altitude, IR color photo-

graphy of the Chukchi Sea forelands region and five overlapping strips of

radar imagery covering the Kobuk delta. Examination of this imagery

suggests that ice effects are minor along the shorelines. The only

features observed were microkettles (5-30 cm deep and 20-140 cm across)

in gravelly material on the lagoon side of barrier islands formed by the

melting of ice chunks beneath washover materials. Wave action within the

larger coastal lagoons is intense enough to generate longshore currents

that have sufficient energy to transport materials and are therefore re-

shaping shorelines inside the lagoons. Lakes appear to form as a function

of time in prograding shorelines. The suspected process is dewatering

and subsequent compaction of unconsolidated material. A large submerged

delta is evident between the Baldwin Peninsula and Sheshalik Spit. The

drowned distributary channels of this delta apparently influence the present

flow of water from Hotham Inlet and the Noatak River into Kotzebue Sound.

OFFSHORE PERMAFROST

Harrison and Osterkamp (RU #253/255/256, April 1977) have examined

existing data, such as water temperature, seismic velocities, and regional

gology for information about the possible existence of permafrost beneath

the Chukchi Sea. Some simple thermal calculations have also been carried

out. This survey concentrated on the southern Chukchi Sea because it is

the site of the proposed Hope Basin lease area.

Permafrost must have formed over essentially the entire area now

covered by the Chukchi Sea when it was exposed during times of Wisconsin

and earlier glaciations. However, seismic measurements at several sites
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in the southern Chukchi Sea seem to indicate the presence of unconsoli-

dated, and therefore ice-unbounded sediments to depths of at least 200 to

700 m at present. A simple thermal calculation, for which the assumptions

cannot be justified, may also lend some support to the absence now of ice-

bonded sediments beneath the southeastern Chukchi Sea (including the pro-

posed Hope Basin lease area), at least where the present water depth is of

the order of 45 m. However, subsea permafrost is probably widespread in

nearshore areas. These tentative conclusions are quite similar to those

reached independently by Hopkins (RU #473) in his last quarterly report.

It also seems that the present mean annual sea bed temperature in the

southeastern Chukchi Sea is positive, and that ice-bearing permafrost in

nearshore areas is probably overlain by a thawed layer except in areas of

very shallow water (less than 2 m deep). It should be borne in mind that

these conclusions are based on a small study consisting only of a literature

survey, which is not complete, and rudimentary thermal calculations.

SEA ICE

Stringer (RU #257, April 1977), using satellite and aerial remote

sensing imagery, has produced a library of charts of ice conditions

(morphologies and distributions) along the coasts of the Beaufort, Bering

and Chukchi Seas. He has found that nearshore ice patterns are similar

from year to year for the same area. If regional pattern similarity does

exist (only three years of data, 1973-1976, have been included so far)

then structural strength criteria could be promulgated on a regional basis

which could save money and materials by avoiding over- or under-designing

of offshore structures.
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Nearshore ice conditions in the Chukchi Sea are different from those

of the Beaufort Sea partly because the ice can move out of the Chukchi

Sea through the Bering Strait. As it moves out of the Strait extensive

shear ridges form due to the presence of numerous shoals. Throughout

winter and spring ice moves along the Chukchi Sea coast and forms shear

ridges which thrust seaward from capes. Ice tends to move seaward and

leaves areas of open water between protruding headlands. Permanent or

semi-permanent polynyas and leads form along the Chukchi coast. A lead

is often seen from Pt. Barrow west to Cape Lisburne. Polynyas also occur

between Cape Lisburne and Pt. Hope and southwest of Pt. Hope.

Stringer suggests two possible areas for port facilities to serve

the northern coast of Alaska; these are Cape Dyer and Cape Thompson.

The choices are based on the requirements of deep water being in proximity

to the shore and a minimum of severe ice conditions. Both locations are

protected from the shearing stresses of the normal ice flow. The proba-

bilities of severe ice conditions are smaller at Cape Dyer than at Cape

Thompson. Ice is pushed into Cape Dyer under the infrequent conditions

of strong westerly or northwesterly winds. When this occurs the polynya

off Cape Thompson becomes enlarged and it could offer a haven for marine

traffic unable to reach Cape Dyer.

From Point Hope to Point Barrow the winter pack ice conditions were

generally classified as flaw zones or pack ice with leads by Burns et al.

(RU #248/249, April 1977). Flaw leads are maintained irrespective of

variations in the direction of ice motion and changes in weather seem to

have no effect on the ice conditions.
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Ice conditions from Point Hope to Kotzebue Sound were sensitive to

local winds. Here the coastline is perpendicular to prevailing northeast

winds of winter and spring. The persistent polynya in this area closes

in stormy weather with southerly winds but quickly reforms (in about two

days) after the passage of the storm.

Sackinger and Nelson (RU #259, April 1977) used naturally occurring

obstacles as test structures to measure stresses in sea ice. Stress

transducers were implanted in the fast ice near Barrow and near grounded

features about 100 miles west of Barrow. The telemetering system that

they have been developing operated successfully. A compressional stress

of 1.72 x 106 N/m2 was measured. A tensile stress of 0.68 x 106 N/m2

was observed in a refrozen pan of annual ice, apparently in response to

a 40 km/hr wind. Maximum compressional stresses occurred as pulses of

duration of at least as short as 0.33 sec and as long as 32 sec. Since

such pulses could be in the resident frequency range of offshore structure,

there is a possibility of a resonant excitation of such structures by

ice stress pulses.

Additional information on the distribution and transport of sea ice

in the Chukchi Sea is summarized in the following chapter.
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Chapter VIII-4

TRANSPORT

INTRODUCTION

OCSEAP transport studies in the Chukchi Sea have been limited so

far. The general circulation pattern in the eastern Chukchi Sea, except

for Kotzebue Sound, has been previously studied. During the last year

(April 1976 - March 1977), Coachman et al. (RU #541, April 1977) obtained

hydrographic and current meter data from this area. Weeks and Kovacs

(RU #88, April 1977) are studying the movement and deformation of pack

ice through the Bering Strait.

GENERAL HYDROGRAPHY

Twenty-six hydrographic stations were sampled in Kotzebue Sound in

late August 1975 by Coachman et al. (RU #541, April 1977). The near-surface

waters in the Sound are warmer and fresher than those adjacent to the Sound.

The near-surface salinity observations imply an inflow of saline water

along the southern coast and an outflow of fresher water along the northern

coast. The near-bottom temperatures also show this circulation pattern

with a warm inflow and cooler outflow.

Along the eastern and northern coastlines of the Sound there appears

to be bottom water that is relict of the previous winter (temperatures

are less than 2°C and salinities are greater than 32 o/oo). Large vertical

stratifications are encountered in these areas. If these waters are

remnants from the previous freezing season, it would indicate that horizon-

tal advection or diffusion and vertical mixing have only been slight.
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CURRENT METER OBSERVATIONS

A series of anchored current meter data were obtained by Coachman

et al. (RU #541, April 1977) to determine the transport through the Bering

Strait. The locations of the stations are shown in Fig. VIII-4-1. The

net flow past St. Lawrence Island was northward, with 0.73 Sv (1 Sv =

63
10 m /sec) flowing northward through the eastern pass, and 1.12 Sv flowing

through the western pass. The large net transport through the St. Lawrence

Island stations (1.85 Sv) appears to be correlated with [Nome] atmospheric

pressures that were higher during these measurements than during the other

sets of measurements (across the Bering Strait and the Cape Lisburne line).

A net transport of 0.70 Sv northward was observed through the Bering Strait.

In the western part of the Strait a small (0.10 Sv), southward near-surface

transport was encountered. Across the Cape Lisburne line there was a

northward transport (1.78 Sv) in the east and a southward transport (1.06 Sv)

in the west. The net mass transport was northwards, at 0.72 Sv.

ICE

A radar system has been installed by Weeks and Kovacs (RU #88, April

1977) to determine the flow of ice through the Bering Strait. It is esti-

mated that a wind speed of 6 m/sec or larger parallel to the Strait will

induce such a flow. There also has been success comparing the radar ob-

servations to the theory of the flow of granular media through chutes.

Belon (RU #267, April 1977) has continued the collection, compila-

tion and distribution of remote sensing data from the coastal areas of

Alaska. These data are especially useful for the assessment of the

development and decay of fast ice, and the study of sediment plume
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FIG. VIII-4- 1. Locations of September 1976 anchored current stations in the
Bering Strait region (Coachman et al., RU #541, April 1977).
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distributions. The sources of data include LANDSAT and aircraft surveys

(USGS, NASA, NOAA, U.S. Army, etc.). These data are being utilized

by over 20 OCSEAP research projects in several lease areas for the

study of sea ice morphology and dynamics, coastal geomorphology and

geologic hazards, sea surface circulation and sediment load, sea mammal

and bird habitat mapping. Belon (RU #267, April 1977) has provided

LANDSAT imagery of sea ice and suspended sediment over the Beaufort

Sea Shelf in summer and of changes in sea ice distribution over the

Chukchi Sea Shelf from late winter to early spring.
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Chapter VIII-5

RECEPTORS

PLANKTON

OCSEAP plankton studies in the Chukchi Sea during 1976-77 were

limited to zooplankton and micronekton density distribution studies by

Cooney (RU #426, April 1977). A total of 116 stations were sampled in

the Norton-Chukchi Sea in August 1976. Only a small portion of the col-

lected samples have been analyzed and reported. Data available so far

indicate that summer zooplankton community is characterized by predomi-

nantly neritic species. It also appears that dominant zooplankton species

distribution is continuous from Bristol Bay to Pt. Hope.

Species composition data from seven stations in the Norton-Chukchi

area, three (82, 103, and 105) from the Chukchi Sea, have been reported.

Station 82 is located in Kotzebue Sound. Sixty different taxa were identi-

fied from these stations, 25 were represented at Stations 82 and 103 each,

and 29 at Station 105. Out of the 25 taxa observed at Stations 82 and 103,

11 were found only at Station 81, 12 only at Station 103, and 12 were found

at both stations. Nine taxa were found at each of the three stations in

the Chukchi Sea: Aglantha digitale, nemertine/pilidium larvae, Calanus

glacialis, Pseudocalanus spp., Acartia longiremis, barnacle larvae,

Sagitta elegans, unidentified chaetognath juveniles, and Fritillaria

borealis.
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BENTHOS

Littoral Biota

Broad et al. (RU #356, April 1977) have continued their reconnaissance

characterization of the littoral biota of the Chukchi Sea. Details of

sampling sites (Fig. VIII-5-1), data on relative abundance of animal species

found at 47 stations sampled in 1976 and a summary species list for the

Chukchi region are included in the Annual Report, along with analyses of

beach substrates.

The Chukchi shore north of Cape Lisburne (~ 69°N) is generally similar

to the Beaufort unconsolidated sands and gravels, lacking attached macro-

benthos. South of 69°N, however, rock outcroppings are common and, at least

in the region south of 67°N, attached organisms occur. The littoral fauna

is more diverse than that of the Beaufort Sea. North of Cape Lisburne,

however, the resemblance between Chukchi and Beaufort shallow water include

species not found in the Beaufort Sea. Scolocolipides arcticus, the poly-

chaete most characteristic of and most abundant in the Beaufort Sea, occurs

in shallow water samples in the Chukchi Sea only south of 70°34'N (almost

exactly the latitude north of which this species is limited to deeper water

of the Beaufort).

Broad et al., note that it is presently impossible to designate a

"characteristic fauna" of the Chukchi Sea; analysis of samples to date,

indicate that polychaetes, oligochaetes, mysiids, isopods and amphipods

are all present. There is an increase in the benthic diversity with depth

of water. This probably is related to the depth at which ice freezes,

and the major discontinuity may occur at a depth of about 2 meters. The

latter conclusion is preliminary and must await analysis of the remaining

samples.
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FIG. VIII-5-1. Chukchi Sea, approximate locations of littoral biota reconnaissance
sites (Broad et al., RU #356, April 1977).
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Additional details of studies by Broad et al., are included in the

Beaufort Sea section of this report.

Benthic Biota

Significant progress was reported in both ongoing studies of offshore

benthos in the Chukchi Sea. Mann, working with Barnes et al. (RU #205,

Attachment I, April 1977) has reported on the fauna (principally infauna)

identified from a series of 0.1 m2 van Veen grab samples collected aboard

the Coast Guard Cutter, Burton Island by USGS personnel in August 1974.

He has compiled a species list of benthic organisms from the grab samples.

Six phyla and 80 species are represented. Bivalves, gastropods and echino-

derms were represented by 40, 37, and 6 species, respectively. Range maps

(e.g., Fig. VIII-5-2) have been compiled for each species; the presence of

live occurrences and empty shells have been recorded. Species presence-

absence data have been analyzed using cluster analysis. The species groups

thus defined are purely statistical; their biological significance remains

to be determined. Preliminary indications suggest that changing sediment

grain size may control species distribution patterns in the Chukchi Sea.

Feder et al. (RU #502, April 1977) report that NMFS otter trawling

operations in the Norton Sound-Chukchi Sea area resulted in collection of

a diverse invertebrate epifauna. The species list (excluding gastropods),

combined for these two areas, includes 13 phyla, 81 families, and 135 species.

In addition, NMFS personnel identified some fifty gastropod species, while

eight more species were identified by Feder's group. The total number of

species (including gastropods) identified to date thus stands at 193.

Mollusca, Crustacea, and Echinodermata were the most heavily represented

phyla with 91, 41, and 23 species, respectively. Separate species lists
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FIG. VIII-5-2. Chukchi Sea: example of species distribution map (Pectinaria
californiensis Hartman) based on an analysis of USGS van-Veen
grab samples, August 1974 (Barnes et al., RU #205, April 1977,
Attachment I).
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for Norton Sound and Chukchi Sea will be available in Feder's Final Report.

Abundance and distribution data for most invertebrates are not available

at this time, but will also be included in the Final Report.

Feeding Biology

Feder et al.'s (RU #502, April 1977) survey of benthic epifauna also

included food studies for principal species. Analysis of stomach contents

of starry flounder (Platichthys stellatus) and sea star (Leptasterias

polaris ascervata) showed differences in feeding habits between Norton

Sound and Chukchi Sea. Starry flounders from Norton Sound used mainly

the deposit-feeding clam, Yoldia sp. and the small brittle star, Amphipholis

pugetana as food while starry flounders from the Chukchi Sea concentrated

on the worm, Echiurus echiurus and the prickleback fish, Lumpenus fabricii.

Liptasterias polaris ascervata, the only sea star for which sufficient data

exists to compare areas, fed primarily on sand dollars (Echinarachnius

parma) and barnacles (Balanus sp.) in Norton Sound while in the Chukchi

Sea it fed on the snail, Natica sp. and the polychaete worm, Cistenides sp.

Only general comments on feeding are possible for the other species

examined. Both Evasterias echinosoma and Lethasterias nanimensis fed

primarily on molluscs. The brittle star, Ophiura sarsi was taking small

crustacea while the single, Solaster endeca and the single, Asterias

amurensis examined were using Gorgonocephalus caryi and Echinarachnius

parma, respectively. All Gorgonocephalus caryi had empty stomachs.
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FISH

Subsistence fishing in Kotzebue Sound by native peoples is generally

limited; the number of fish taken is dependent on the quality of the marine

mammal harvest. Terrestrial forms of big game are utilized and more avail-

able in the Kotzebue Sound area than in the Norton Sound region.

When Pacific herring (Clupea harengus paZZasi) are utilized as a

dietary supplement for native people in the Kotzebue Sound region, those

fish occurring in the nearshore in late September or early October runs

are of more interest. Spawners in late May and June receive little atten-

tion for utilization by Norton Sound native people.

As discussed in the Norton Sound section of this report, Pereyra et al.

(RU #175, April 1977) and Barton (RU #19E, April 1977) used a stratified

systematic sampling scheme to assess the status of the demersal and pelagic

fish resource in Chukchi Sea and Kotzebue Sound. In general, pelagic and

demersal fish resources are low in abundance, with the highest concentra-

tions occurring nearshore.

Pereyra et al. (RU #175, April 1977) reported that gadids or codfish

dominated the demersal fish resource of the Chukchi Sea-Kotzebue Sound

proposed lease area. Arctic cod (Boreogadus saida) was the most commonly

caught species and its occurrence increased with depth.

As in Norton Sound, Alaska plaice (Pleuronectes quadrituberculatus)

was the most frequently occurring flatfish; however, starry flounder

(Platichthys stellatus) and yellowfin sole (Limanda aspera) occurred in-

frequently.

Rainbow smelt (Osmurus mondox) and Pacific herring, generally consi-

dered pelagic species, occurred frequently in demersal trawl catches.
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Pacific herring was the most abundant of these two species, with catch

rates averaging 2.5 kg/30 min tow in the Chukchi Sea. Smelt had abundances

similar to those measured in Norton Sound (~ 0.7 kg/30 min trawl).

Sculpin also occurred frequently; representatives of this group were

observed in all demersal trawls. Plain (Myoxocuphalus joak), shorthorn

(M. groenlandicus), antlered (Enophrys discerans), and arctic staghorn

(Gymnocanthus tricuspis) sculpins were the most common cottids caught.

(See the Norton Sound section of this report for additional data and

discussion on the demersal and pelagic fish resources of the Chukchi-

Kotzebue Sound proposed lease area.)
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BIRDS

Ornithological studies in the Chukchi Sea area in FY 1977 included:

surveys of seabird colonies at Cape Thompson and Cape Lisburne (Springer

and Roseneau, RU #460/461, April 1977), studies of avian communities at

Espenberg Peninsula (Mickelson, RU #441, April 1977), shipboard (Gould,

RU #337, April 1977), and aerial (Harrison, RU #337, April 1977) surveys

of marine bird populations, and studies of birds in the pack ice (Divoky,

RU #196, April 1977).

Studies of Seabird Colonies in the Cape Thompson Area

The colonies at Cape Thompson and Cape Lisburne support most of the

breeding seabirds in the eastern Chukchi Sea. Though consisting largely

of murres and black-legged kittiwakes, they include 9 species of seabirds

and 3 of raptors. The colonies were extensively surveyed in 1960-1961.

Springer and Roseneau (RU #460/461, April 1977) made comparative studies

in 1977 to provide current information on nesting ecology and population

sizes (Table VIII-5-1).

At Cape Thompson thick-billed murres outnumber common murres by

57:43. Murre populations were approximately 50% lower in 1976 than in

1960 (based on direct counts, and on comparison with photographs taken

in 1960), the breeding season was delayed by 7-15 days, and synchrony in

the colonies was poor. Visible migration studies indicated that the murres

were feeding largely to the south and southeast of Cape Thompson. This

was confirmed by aerial and shipboard surveys. Harrison (RU #337, April

1977) found large concentrations as much as 70 km to the north and south

of the colonies in June, and concentrations occurred to the south, in

Kotzebue Sound, in August and October.
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TABLE VIII-5-1

Changes in Seabird Populations in the Cape Thompson, Alaska
area, 1960-1976 (from Springer and Roseneau, RU #460/461, April 1977)
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Approximately 10,500 black-legged kittiwakes were in the Cape Thompson

area in 1976, or about half the number found in 1960. As with the murres,

the breeding season was delayed for about two weeks. Many birds courted

and built nests, but attendance at them was erratic and reproduction was

minimal; only 13 eggs were discovered.

Murre feeding habits varied sharply in 1960 and 1976. Invertebrates

were found in a larger proportion of murres in 1976 than in 1960 (thick-

billed murres, 76 vs 34%; common murres, 33 vs 6%); also, in 1976 thick-

bills fed largely on caridean shrimp, whereas in 1960 they fed on poly-

chaetes, molluscs, and shrimp. The murres' dependence on fish decreased

in 1976, and the prey species changed: in 1960 arctic cod and sandlance

were preferred foods; in 1976, the cod was found in about 50% fewer stomachs,

and the sandlance was only rarely taken. Feeding habits of kittiwakes

paralleled those of the murres; in 1960, 91% of the kittiwakes' stomachs

contained fish and 25% contained invertebrates; in 1976, 67% contained

fish and 53% invertebrates.

Using these data, Springer and Roseneau (RU #460/461, April 1977)

argued that populations of forage fish, particularly arctic cod, were low

in 1976, causing the birds to shift to invertebrate prey. Since the number

of juvenile arctic cod increases at depth, the number of fish available

to surface-feeding species (e.g., kittiwakes) is much less than to divers

(murres and other alcids). Thus, the low fish populations would be ex-

pected to more strongly affect kittiwakes than murres, and this may ex-

plain the nesting failure of kittiwakes in 1976.
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A brief reconnaissance was made of the Cape Lisburne area in late

August to provide background data for the 1977 field season. The nesting

season at Cape Lisburne was about two weeks ahead of Cape Thompson.

Approximately 130,000 murres were counted. Although kittiwakes hatched

young at Cape Lisburne, fledging was very poor (8 dead chicks found in

140 nests checked), and overall reproductive success was probably insig-

nificant (Springer and Roseneau, RU #460/461, April 1977).

Avian Communities at the Espenberg Peninsula

Mickelson (RU #441, April 1977) studied avian community ecology on

the Espenberg Peninsula to determine habitat utilization and breeding

ecology of waterfowl and shorebirds, and to determine the effect of preda-

tors on nesting birds. Studies were conducted between 4 June and 15

September. Sixty-eight species were recorded, of which 30 were found

nesting (Table VIII-5-2). The commonest breeding species are: red-

throated loon, common eider, glaucous gull, semipalmated sandpiper,

western sandpiper, dunlin, northern phalarope, arctic tern, and lapland

longspur.

The nesting season began approximately one week later in 1976. This

had no apparent effect on nesting success, although the low clutch size

of emperor geese (average 4.3) was attributed to food shortage resulting

from harsh weather early in the season.

For most species, nesting success seemed to be normal and in line

with that found at other arctic localities. The major exception was for

western sandpipers, whose nesting success (ca. 35%) was much lower than

that of the semipalmated sandpipers (64%). Furthermore, clutch sizes of

western sandpipers were low (3.26 vs 3.84, in studies by R.T. Holmes).
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TABLE VIII-5-2. Nesting Density, Occurrence, and Habitat use of Birds at Cape Espenberg
1976 (from Michelson, RU #441, March 1977)
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No reason for this apparently anomalous situation was advanced. Preda-

tion, however, was an important component of nesting failure in some

species. Predation rates ranged from 50 to 100% for several species of

waterfowl, and from 10-30% for shorebirds and terns (Table VIII-5-3).

Loons, common eiders, oldsquaws, and greater scaup suffered high losses

to red foxes (4 adults and 6 pups known to be on the Peninsula). Preda-

tion on eider nests varied from 12.4 to 92.3%, depending on location;

nests on islands that were beyond the range of the foxes suffered few

losses. Parasitic jaegers nested commonly in the area and preyed heavily

on bird eggs and young. Glaucous gulls were also common, but they did

not appear to be major bird predators.

Evaluating the effects of predation is difficult, because visual

predators often learn to recognize nest markers left by researchers.

Accordingly, the degree of predation reported in this study is probably

inflated. However, as small mammals were very rare on the Peninsula in

1976 (13 Microtus oeconomus trapped in 480 trapdays) there can be no doubt

that birds were the major prey species in 1976. Human activities currently

have minimal impact on bird populations.

The waters around the Espenberg Peninsula and in Espenberg Bay may

support large numbers of molting or migrating waterfowl, especially pintail

and common eiders, at certain seasons. Aerial surveys indicated densities

of more than 30 eiders/km2 (as well as other waterfowl) off the Noatak

and Kobuk River mouths in late summer. But it is the mudflat areas that

seem to be of prime importance, as they are utilized by thousands of post-

breeding and pre-migrating shorebirds. Following the nesting season,

large flocks of shorebirds accumulate on the mudflat areas, where isopods
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TABLE VIII-5-3

Nest Fate for Birds on Cape Espenberg 1976 (waterfowl data preliminary)
(from Mickelson, RU #441, Table 7, March 1977)
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(Saduria eniomoa) and shore flies (Ephyridae) provide abundant food re-

sources. Several of the shorebird species (e.g., sharp-tailed sandpiper,

curlew sandpiper, bar-tailed godwit) do not nest locally, but presumably

use the mudflats as a staging area for their migrations into the New

Zealand area.

Mickelson (RU #441, April 1977) notes that this area appears to be

one of the most important feeding and staging areas for shorebirds and

waterbirds north of the Yukon delta, particularly as there are few alter-

nate sites available, and suggests that human activities should be severely

curtailed in the late summer months, when the area receives maximum use

from wildlife.

Mickelson suggests that long-term studies of "indicator species"

such as red-throated loons, western sandpipers, and dunlin, are most likely

to provide useful information on environmental factors affecting produc-

tivity than are the broad-scale studies of entire avifaunas that are

currently being conducted.

Shipboard Surveys of Marine Birds

Gould (RU #337, April 1977) conducted 22 shipboard transects surveying

marine birds in the western part of the Chukchi Sea between 8-14 September.

2
Densities ranged from 12 to 4,891 birds/km2, with a mean of 358. A wide

variety of taxa were found, but short-tailed (and unidentified) shearwaters

were dominant, averaging over 100 birds/km2. Parakeet auklets, least

auklets, and unidentified auklets were also common. Divoky (RU #196,

April 1977) also encountered high numbers of alcids in the Bering Strait

in August (1975). Densities increased in September (1976), with the

appearance of shearwater flocks, then dropped sharply in mid-October, as

migratory birds disappeared from the area.
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Aerial Surveys of Marine Birds

Detailed surveys of marine birds were made from aircraft in June,

August and October (Harrison, RU #337, April 1977). The results are

summarized in Table VIII-5-4. In June, the Chukchi Sea is generally ice

covered, and bird populations are low, except in leads near the edge of

the pack ice and near breeding colonies. August appears to be the month

of peak bird utilization of the area, as phalaropes, arctic terns and

jaegers begin their southward migration, and alcids and other species begin

to disperse from feeding areas near the colonies to new areas farther at

sea. Black-legged kittiwakes were very widely distributed in August,

perhaps as a result of their nesting failure. The waters immediately north

of the Bering Strait were particularly important at this season, harboring

large numbers of shearwaters, fulmars, and small alcids. The waters near

Cape Espenberg and Eschscholtz Bay held large numbers of scoters, eiders,

and loons, and Eschscholtz Bay and the mouth of the Noatak River were

important areas for migrating shorebirds and some species of waterfowl.

By October, many species had migrated out of the Chukchi Sea, and

numbers of many resident species were reduced. An unexpected finding was

large numbers of oldsquaws in the region between Cape Espenberg and the

Baldwin Peninsula.

Harrison et al. (RU #337, April 1977) conclude:

"...that nearshore areas are generally the most probable habi-
tats for impacted bird species. Waters as much as 80 km around
Cape Lisburne and Cape Thompson have large populations of
murres June through October which would be vulnerable to oil
development. The waters between Cape Espenberg and the Baldwin
Peninsula are very important for oldsquaw in October. Eschscholtz
Bay and the Noatak estuary have large concentrations of waterfowl
in August and much of the coast between Cape Prince of Wales and
Point Barrow is potentially critical habitat for eiders, but
the movements of this species are too poorly known to specify
exact locations."
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TABLE VIII-5-4

Summary of Avian Distribution in the Chukchi Sea, Based on Aerial Surveys in
June, August, and October 1976 (from Harrison et al., RU #337, April 1977)
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TABLE VIII-5-4 (continued)

VIII-42



To date, information from aerial surveys is insufficient to determine

potential impacts of OCS programs on the avifauna, as many areas remain

unsurveyed at critical seasons. Aerial surveys provide a rapid means of

determining broad-scale patterns, but they should be used in conjunction

with ship-based studies to provide an integrated approach to under-

standing details of avian distribution.

Birds of the Pack Ice

Studies by Divoky (RU #196, April 1977) are intended to clarify the

distribution and ecology of birds associated with the pack ice conditions.

During a July cruise in the Chukchi Sea, he found low densities of murres

and eiders in heavy ice nearshore, presumably near nesting colonies. In

August 1976, seabird densities in the open water were three times higher

than those within the pack. In ice cover up to 2 oktas, black-legged

kittiwakes (49%), murres (17%), and jaegers (13%) predominated, in 3-4

oktas, murres (61%) and kittiwakes (27%) predominated, in 5-6 oktas,

arctic terns (50%) and kittiwakes (12%), and in 7-8 oktas, arctic terns

(81%) and red phalaropes (13%). In August 1976, murres (54%), red phala-

ropes (17%), and kittiwakes (15%) were common in open water near the ice

but within the pack phalaropes dropped out. The distribution of red

phalaropes seems to be mainly affected by feeding opportunities and has

no direct relationship to the degree of ice cover.

In September 1976 densities were greater in open water near the edge

of the pack. Ice of up to 2 oktas, Ross' gull (50%) and ivory gulls (25%)

were the dominant species; as the ice cover increased the proportion of

Ross' gull increased and of ivory gull dropped. Data from October are
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too scanty for analysis, but densities were generally low in open water

as well as within the pack ice.

Oil spills within the ice pack will have markedly different effects

from those in the open sea, and spills near the edge of the ice, where

seabird densities are greatest, will have the most severe effects.
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MAMMALS

Studies of marine mammals in the Chukchi Sea included: an annotated

bibliography of marine mammals in Alaska (Severinghaus and Nerini, RU #67/

68/69/70, December 1976), trophic relationships among ice-inhabiting phocid

seals (Lowry, Frost and Burns, RU #232, December 1976), the relationship

of marine mammals distribution, densities and activities to sea ice condi-

tions (Burns, Shapiro and Fay, RU #248/249, April 1977), studies of bow-

head and belukha whales in the Bering, Chukchi and Beaufort Seas (Braham,

Krogman and Fiscus, RU #69, April 1977), mortality patterns of marine

mammals (Fay, Dieterich and Shultz, RU #194, April 1977), the biology of

ringed and bearded seals (Burns and Eley, RU #230, April 1977), and a

survey of marine mammals of the Bering and southern Chukchi Seas (RU #67,

April 1977).

Annotated Bibliography of Marine Mammals in Alaska

Severinghaus and Nerini have compiled an annotated bibliography of

published and unpublished materials dealing with marine mammals in Alaska

to aid in assessing the impact of oil-related activities on mammalian

populations. The bibliography is presented in alphabetical order by author,

but is not subdivided by topic or geographic area within Alaska. It has

been distributed as a Northwest and Alaska Fisheries Center Processed

report (January 1977).

Trophic Relationships of Phocid Seals

Lowry, Frost and Burns (RU #232, December 1976) summarized the feeding

ecology of ringed and bearded seals in Alaska. They showed that ringed

seals feed mainly on invertebrates, also taking small amounts of small to
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medium sized schooling fishes. Bearded seals feed on a wide variety of

foods, but benthic forms (bivalve, molluscs, shrimp, sculpins) predominate.

Details of these studies, as well as food webs for each species are

comments on possible effects of oil pollution on seal ecology are presented

elsewhere (Beaufort Sea section).

Bearded seal population shift northward in summer, but the majority

appear to stay over the shallow Chukchi platform rather than moving into

the Beaufort Sea. This seems related to the relatively shallow feeding

depth (< 100 m) preferred by this species.

The Relationship of Marine Mammal Distribution, Densities, and Activities
to Sea Ice Conditions

The seasonal dynamics of the ice pack and the type of ice that is

present is an important factor regulating the ecology of marine mammals.

The object of this study (RU #248/249, April 1977) was to determine the

distribution of ice habitats used by the eight species of ice-adapted

marine mammals in the Bering, Chukchi, and Beaufort Seas, and to show

how seasonal changes in ice cover might affect their distributional patterns.

Burns, Shapiro and Fay divided this region into 20 smaller areas and,

using satellite imagery, classified ice into seven categories ranging from

continuous ice to open water. They categorized ice conditions in each

area for the period March 1974 to June 1976, and determined the effects

of local weather situations on ice configuration. In the far north,

weather seemed to have little effect, whereas in the south ice conditions

were very sensitive to wind direction.
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Of the 20 regions, seven pertain to the Chukchi Sea. To date, however,

mammal distribution data for only one species have been sufficient to per-

mit correlation with ice conditions (Fig. VIII-5-3). In general, walruses

are absent from the Chukchi Sea from December to March. The population

begins to move northward from April to June, and during July-September

animals are widely distributed along the ice from northwest Alaska to

Wrangell Island. A few also penetrate into the Beaufort Sea. In October-

December the population again moves southward and in October-November may

congregate in beaches along the Bering Strait.

"Ice conditions appear to be the principal constraint on the distribu-

tion of the walrus population in winter, restricting these animals are

areas of low ice pressure, though the food supplies there are among the

leanest in any part of their annual range."

Several ice configurations are recognized as having particular impor-

tance for marine mammals. For example, the spring ice front harbors

the main breeding populations of spotted and ribbon seals during the

pupping period. And the large floes of deformed ice derived from the break-

up of the Bering Sea pack ice, which persist south of St. Lawrence Island

until late June, are used as molting and resting areas for several species

of pinnipeds. At this period, when their insulation is lowered, seals

are most vulnerable to skin damage from chemical pollutants. The remnant

floes seem to be among the most important habitats for marine mammals,

and this should be taken into account when planning for human activities

in the area.
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FIG. VIII-5- 3. Distribution of walruses in the Bering and Chukchi Seas, in relation to

approximate mean ice conditions. Each symbol represents the position of one

or more animals, as reported in a published (AA) or unpublished (oo) account.

Solid symbols are for the first month of each 2-month set; open symbols are

for the second month. The minimal extent of heavy ice navigable only by ice-

breakers is shown by the unshaded area; the maximal extent of lighter or

broken ice is cross-hatched; open water is shaded. Dotted lines show the

approximate position of the 100-meter isobath (from Burns et al., RU #248/

249, April 1977).
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Bowhead and Belukha Whales

Braham, Krogman and Fiscus studied the distribution and migration

of bowhead and belukha whales in the Bering, Chukchi, and Beaufort Seas.

As most of the field work was carried out in the Point Barrow area, the

results are discussed in the Beaufort Sea section of this report. (See

also Braham and Krogman, Northwest and Alaska Fisheries Center Processes

Report, May 1977).

Studies in the Chukchi were based mainly on several aerial surveys,

supplemented by ship-based observations. The general results show that

bowheads pass through the Chukchi in April; 118 were seen in the southern

Chukchi on 21 April, the highest numbers for any survey in 1976. Bowheads

re-enter the Chukchi in October, and at least part of the population moves

westward to the Chukotsk Peninsula before moving southward and re-entering

the Bering Sea for the winter. Details on the timing of the migration,

however, are sparce.

Belukhas also move through the Chukchi in April, but their movements

and distribution are still poorly known; aerial surveys encountered very

few animals in spring. None were reported during surveys in fall, although

C. Ray reported a concentration of 175-180 in the southern Chukchi in

October 1975. Braham et al. suggest that belukhas may be very widespread

in the Chukchi in fall, but this conclusion seems to be based largely on

negative evidence. In general, the Chukchi does not appear to be an

important area for belukhas, although small numbers may breed and calve

in the Kotzebue Sound area.
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Mortality of Marine Mammals

Baseline data on the incidence and causes of pathological conditions

in marine mammals are required for evaluating future impacts of petroleum-

related activities. Fay, Dieterich and Shultz (RU #194, April 1977)

studied beached (dead and moribund) animals, locating them through aerial

surveys of the coast about a month after the break-up of sea ice. Within

that period, it is still possible to obtain material in relatively fresh

condition. On-site inspections were made to obtain tissue and blood samples

and to conduct necropsies. Blubber samples (for hydrocarbon analysis)

were obtained from 71 specimens and organ samples (for heavy metal analysis)

from 24. The animals were routinely screened for parasites and two new

species of helminths were discovered.

Average mortality figures revealed approximately 0.5 carcasses per

km of shore (Table VIII-5-5). Thus, along the 5000 km shoreline of the

eastern Bering Sea one can expect to encounter 250-500 carcasses each year.

The frequency of carcasses was much higher "downstream" from major Eskimo

hunting areas. Although Fay et al. did not present mortality data by

region, in 16 of the 21 cases the documented death was attributed to

gunshot wounds, most of these (11) involved walruses.

Fay et al. also investigated pathological conditions among living

populations, by studying animals taken "non-selectively" by natives, or

by scientists for research purposes. The results of 597 necropsies of 10

species (Table VIII-5-6) suggest that about six percent of these "have

some kind of grossly evident pathological condition."
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TABLE VIII-5-5

Frequency of Occurrence of Stranded Carcasses of Marine Mammals per Kilometer of Surveyed Shoreline, Bering
Strait and Kotzebue Sound, 1976 (from Fay et al., RU #194, April 1977)



"The findings thus far, in both the stranded and non-stranded speci-

mens, suggest that, apart from bullet wounds, predator-induced trauma,

malnutrition, and various infectious agents of disease are the main causes

of morbidity and mortality in Bering Sea marine mammal populations, at

present. The most common infectious conditions and agents seem to be

(a) mycotic infections in the skin, (b) streptococcal infections leading

to focal necrosis of the liver, (c) wound infections probably by strains

of both Streptococcus and Staphylococcus, and (d) tentatively, leptospirosis

and vesicular viral disease (SMSV). It is easily conceivable that the

potential variety of additional stresses brought to bear by oil development

in the Bering Sea could have a synergistic effect on many of these" (Fay

et al., RU #248/249, April 1977).

All of 5 Steller sea lions examined contained antibodies to 2 of the

5 known types of San Miguel Sea Lion Virus. These findings seem particularly

important when it is realized that many of the mammals using the Chukchi

area are migratory, and during their yearly wanderings may encounter popu-

lations from as far away as Baja California and Japan.

Sample sizes for several species are still too small to provide a

general picture of mortality, and continued studies are required. Future

research should be done over a wider geographic area to test the suspected

relationship between mortality rates and proximity to hunting centers.

Biology of Ringed and Bearded Seals

Ringed and bearded seals are dominant species in the Bering, Chukchi

and Beaufort Seas, and are of great economic importance to local peoples.

This study was initiated to review the literature and to provide baseline
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TABLE VIII-5-6

Preliminary Summary of Available Data on Rates of Occurrence of Gross Pathological Conditions in Bering Sea Marine
Mammals Necropsied from 1950 to 1976* (from Fay et al., RU #194, April 1977).



data on the biology of these seals that are necessary to the establishment

of a sound management policy. Burns and Eley (RU #230, April 1977) provide

a comprehensive review of ringed seal life history including data on

morphological variation, taxonomy, molt and breeding period, dentition

and dental anomalies, growth rate, productivity and reproductive behavior,

and predation. Data on the bearded seal are less complete. Basic to this

study was the utilization of 303 ringed and 133 bearded seals taken by

Eskimos. Complementary information was obtained through other research

programs supported by OCSEAP (see RUs #67, 194, 232, and 248/249).

Some of the most important findings are.considered below:

1. The ringed seal is common in areas of stable sea ice as
well as in land-fast ice; some occur in the Chukchi during
ice-free periods as well.

2. The species is highly variable geographically, three of
the seven described races occurring in Alaska. Taxonomic
studies, however, are in a state of flux. According to
recent Soviet findings, two distinct morphs (subspecies?)
occur in the Chukchi; a larger form occurs on shorebased
ice, and a smaller form is found on drift ice. Burns
and Eley suggest that this pattern may reflect "age-specific,
seasonal movements of seals between shorefast and drifting
ice" but further specimen data will be required to test
these possibilities.

3. Spermatogenesis occurs in male ringed seals of age 7 or
older (based on examination of 275 tests); spermatogenesis
takes place from December to June. Ovulation may occur
as early as age 3 (based on examination of 143 females)
but conception is unusual prior to age 6.

4. Studies made from 1964-74 indicated a pregnancy rate of
91%, whereas in 1975-77 only 62% of the females were (or
had recently been) pregnant. A similar but more severe
drop in pregnancy rates has been reported in Canada. The
causes of the decline are not known. One possibility is
that a decline in hunting pressure has allowed ringed seal
populations to attain carrying capacity, resulting in a
decline in productivity. Another option is that poor ice
conditions (or other factors in the physical environment)
have impeded breeding.
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5. The demographics of ringed seal populations were studied
from specimens obtained in 1975-76. Sex ratios of animals
of various ages (from fetal through adult) did not vary
from 1:1. Age composition was similar to that found for
Canadian populations (Table VIII-5-7).

6. Data from four of the most dependably productive seal
hunting locations in the Bering and southern Chukchi Seas
indicated that human harvest for 1976 was 7,000-8,500
animals with the following species composition:

59% ringed seals (4130-5015 individuals)
28% bearded seals (1960-2380 individuals)
13% spotted seals ( 910-1105 individuals)
1% ribbon seals ( 50 individuals)

For walrus the total harvest was 2,989 animals (1820 males
older than one year, 867 females older than one year,
302 calves); of these, 14% were taken in the Chukchi Sea.
In addition, 39 bowhead whales, 79 polar bears, and 285
belukhas are known to have been taken. The bulk of the
belukhas were captured by the residents of Buckland in
southeast Kotzebue Sound.

7. Carcasses of 25 seals killed by polar bears were examined.
Of these, 24 were ringed seals (14 males, 10 undetermined
sex) and 1 was a bearded seal. Most (56%) had been killed
in the flaw ice zone, and 88% of the kills were made
at breathing holes. There was no evidence that bears
stalked seals resting on the ice. Two cached seals were
also found; caching behavior is unusual in Canadian popu-
lations of Polar bears.

8. On aerial surveys in June from Barter Island to Kotzebue
Sound, 5147 seals were counted, and all but 51 were ringed
seals. The highest densities (Table VIII-5-8) were found
where stable ice conditions prevailed through much of the
late winter and spring. Densities in the Chukchi Sea
averaged 2-2.5 times higher than those in the Beaufort,
a reflection of the better ice conditions and higher produc-
tivity there. Approximately 2000 ringed seals were found
molting in Kotzebue Sound, with highest densities occurring
near the mouth of the Sound. In drifting ice of the
Chukchi, ringed seals accounted for 66% and bearded seals
33% of the observations. By combining density studies with
studies of ice distribution derived from satellite imagery,
it should be possible to derive accurate population esti-
mates for this species.
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TABLE VIII-5-7

Sex and Age Composition of Ringed Seal Specimens Obtained During
1975 and 1976 (from Burns and Eley, Table 6, RU #230, April 1977)
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TABLE VIII-5- 8

2
Ringed Seal Densities in the Chukchi Sea (observed seals/mi ) Calculated
from 1970, 1975 and 1976 Surveys (Burns and Eley, RU #230, April 1977)
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9. Because of the small number of bearded seals taken by
residents, and other difficulties encountered in working
with these large seals, the data are insufficient for mean-
ingful assessment of many aspects of this species' life
history in the Chukchi Sea. Radiotracking systems may be
necessary in future studies.

10. Russian estimates indicate that the walrus herd in the
western Chukchi Sea increased from 101,000 in 1970 to
128,000-130,000 in the autumn of 1975; the range is ex-
tending southward.

Marine Mammals of the Bering and Southern Chukchi Seas

Braham, Fiscus and Rugh have summarized published and unpublished

data on pinniped and cetacean populations in the Bering and southern Chukchi

Seas. In addition, they obtained new distributional information via aerial

(8-14 June) and ship (18 August-24 September) cruises. Most of their infor-

mation pertains specifically to the Bering Sea region and is not discussed

here. This study overlaps with belukha and bowhead whales (RU #69), and

ringed and bearded seals studies (RU #230) discussed above.

Distribution maps of marine mammals sightings were converted to

density plots, as for bearded seals in June (Fig. VIII-5-4). For some

species densities differ with respect to distance from the ice front;

these seem attributable to age or sex differences. If so, broad-scale

aerial censusing, combined with on-site observations and sampling will

be needed before valid population estimates can be achieved.

Surveys were made in spring and fall to clarify the migration route

of the gray whale. This species, which relies almost entirely on arctic

feeding grounds, arrives in the Chukchi in late July or early August and

may move as far north as the Barrow region in August-September. From these

surveys, Braham et al. have postulated a major modification in the northward
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FIG. VIII-5- 4. Density plot of bearded seals in northern Bering and
southern Chukchi Seas, June 1976 (Braham, Fiscus and
Rugh, RU #67, April 1977).
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route through the Bering Sea. They suggest that much of the migration

takes place very close to shore (Fig. VIII-5-5); previous theories have

usually invoked a direct route from the Aleutians (Unimak Pass) to the

vicinity of St. Lawrence Island.

In general, qualitative and quantitative information on pinnipeds

of the Chukchi is good, but information on cetaceans is spotty, except

for those species that are hunted. Further, because of seasonal changes

in ice distribution, better data are available for pinnipeds in spring than

in fall, whereas the reverse is true for cetaceans. Nevertheless, it is

clear that the ecological importance of lease areas will vary seasonally

and, therefore, year-round studies are required.

Table VIII-5-9 summarizes the seasonal use of the Chukchi by marine

mammals with respect to migration, reproductive behavior, and feeding.

Braham et al. conclude that only about 50% of the fauna can be considered

as relatively well known.

Future studies should be aimed at increasing knowledge of cetacean

biology and at more fully delineating the migration route of the gray

whale. Additional trained observers will be required for such a program.
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FIG. VIII-5- 5. Monthly distribution of Eschrichtius robustus. Arrows depict the projected migration
route (Braham, Fiscus and Rugh, RU #67, April 1977).



TABLE VIII-5- 9

Summary of proposed marine mammal habitat use by season in the Chukchi Sea OCS
oil lease areas (or important adjacent area*). Three maior use factors were
selected for comparison: mig = migration; rep = reproductive behavior (breed-
ing and calving/pupping); fed = feeding. The seasons are: winter (W)=
January-March; spring (Sp) = April-June; summer (Su) = July-.September; fal
(F) = October-lecember; Yr = year round. Blanks represent data gaps; dashes
(-) mean that species is not known to occur or behavior is not noted for this
lease area; asterisk (*) means that behavior o occurrence exists but no
specific details are known; Bn = basin (from Braham, Fiscus and Rugh, RU #67,
April 1977).
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Chapter IX-1

INTRODUCTION

The Beaufort Sea (Fig. IX-1-1), part of the Arctic Ocean, has a very

narrow continental shelf which extends 48 to 96 kilometers off the northern

coast of Alaska, where depths are less than 200 meters. The water mass

is greatly influenced by circulation patterns of the Arctic Ocean. The

onshore region is characterized by the flat lowlands of the arctic coastal

plain and is dotted with numerous marshes and thaw lakes. Barrier islands

are a distinctive feature of the Beaufort coast; estuarine-type waters

exist between the barrier island and adjacent coastal deltas.

Ice cover in the Beaufort Sea is essentially complete in winter except

for leads and polynyas -- water areas, other than navigable passages, en-

closed by ice. Winter ice, including winter pack ice and landfast ice,

extends from the limit of polar pack to the coast. Landfast ice extends

from a few kilometers to as much as 50 kilometers offshore and is frozen

to the bottom nearshore. The moving winter ice pack shears against the

stationary landfast ice, forming an extensive shear pressure ridge system.

The variety and distribution of marine animals along the coast

reflect the combined effects of water and ice movements, water mass and

bottom characteristics, and the availability of suitable food. The presence

or absence of ice profoundly affects fish, bird, and marine mammal move-

ment and behavior in this region. Many of these species congregate near

the edge of the pack ice and move in response to ice motion. Biologically,

the shallow coastal environment along and within the barrier island chain

is more productive than the open seas (Muller, 1977).
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FIG. IX-1-1. The Beaufort Sea



The Beaufort Sea is perhaps the least scientifically known and under-

stood of all the Alaskan lease areas. The severe winter climate, combining

complete darkness with temperatures as low as -50°C, the presence of sea

ice for 9-10 months every year and the remoteness and inaccessibility of

the entire Beaufort Sea Shelf have prevented a systematic assessment of

the offshore environment in the past. While some of the biota and processes

of the Beaufort Sea Shelf had been collected during the brief summer months,

practically nothing was known about winter conditions before the OCSEAP

efforts commenced. The OCSEAP studies have begun to study the Beaufort

Sea more systematically and have had some notable successes so far; however,

substantial gaps remain in our understanding of biological and physical

processes in this hostile environment (Weller, 1977).

An OCSEAP-sponsored Synthesis Meeting took place in Barrow in February

1977 to assess the present state of knowledge concerning the proposed

Beaufort Sea lease area. The proceedings of this meeting -- supplemented

by numerous maps showing the distribution of biota, critical areas, and

biological and physical processes and conditions -- have already been pub-

lished in draft form (Arctic Project Office/NOAA 1977).

The most recent "Proposed OCS Planning Schedule for Sales" published

by the U.S. Department of the Interior (August 1977) extends lease sales in

the Beaufort Sea nearshore waters to December 1979.
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Chapter IX-?

CONTAMINANT BASELINES

INTRODUCTION

In the proposed lease area baseline contaminant surveys have been

limited by priority interest in other lease areas and severe environmental

conditions. Ice conditions either prevented sample acquisition or produced

contamination of the sample area by the ice breaker's lack of headway.

For this reporting period, no data are available on the distribution of

LMWH, and the results are limited for heavy metals and higher molecular

weight hyd'ocarbons. (See the NEGOA section of this report for additional

introductory comments.)

HYDROCARBON CONTENT AND COMPOSITION

In the Beaufort Sea, three of 14 surface water samples analyzed con-

tained measurable quantities of petroleum hydrocarbons. Shaw (RU #275/276/

294, April 1977) believes the petroleum contamination observed has resulted

from the cruise vessel's inability to stay ahead of her own pollution due

to adverse ice conditions. There was no evidence of petrogenic hydrocarbons

in the other samples. Hydrocarbon levels were usually less than 1 ppb,

which is typical of all other lease areas studied.

Hydrocarbon analyses of sediment from Iko Bay, Dease Inlet, and Cape

Simpson show a dominance of normal alkanes of odd chain lengths, character-

istic of terrestrial flora. Phytane, a petrogenic hydrocarbon, was also

identified in Iko Bay sediments; similar findings have been reported for

Prudhoe Bay sediment (NOAA/SAI 1976).
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Since phytane was observed in the sediments, analyses of the poly-

cyclic aromatic fraction were conducted to identify the source of petro-

leum contamination. The source, as discussed by Shaw, may be natural

seeps or outcrops of oil shale or coal which contaminates streams draining

into Iko Bay. The source may also be within the Bay proper, i.e., along

the shoreline or on the bottom.

Iko and Prudhoe Bays have similar levels of petroleum contamination

within the sediments. Because of similar compositions and abundances of

petroleum residues in the sediments of both Bays and the lack of anthro-

pogenic activity at Iko Bay, Shaw believes that natural events have caused

the petroleum contamination in both systems. Therefore, at this time it

appears that industrial activities have not significantly increased petro-

leum contamination in the sediments of Prudhoe Bay.

HEAVY METALS

Burrell (RU #162/163/288/293/312, April 1977) reports that only a

few water samples were taken and then only chromium and selenium were

measured. The concentration of the water soluble fraction of selenium

was generally below the detection limit (0.05 µg/l) of the method used.

The detectable concentrations of chromium ranged from 0.24 to 1.2 µg/l.

Most of the samples containing chromium were collected on the cruise

transect normal to the coast off Pitt Point.

Naidu, working with Burrell, outlines some tentative conclusions on

the relative quantities of various heavy metals that can be readily mobi-

lized from sediments of the Beaufort Sea. For the non-lithogenous (i.e.,

not lattice-held) metal fraction, the relative order of mobility is

Fe>>Mn>>Zn>Cu>V>Ni. If pH and/or Eh is decreased significantly in the
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present depositional basin, the far more soluble Fe will be dissolved in

the overlying waters, and the relative order of the mobility of non-

lithogenenous metals in the sediment will be Mn>Zn>Fe = Cu>Ni. Approxi-

mately 50% of the total Mn content, 70-80% of the Zn, Fe, Cu and more than

90% of the Ni and V appear to be tied up through ionic bonding in the

crystal lattice of mineral grains (i.e., lithogenous). The absence of

correlation between lithogenous Mn and Zn and the clay fraction suggests

that no significant amounts of these elements are residing in the layered

silicate minerals (clays).

The geochemistry of heavy metals on the middle and outer Beaufort

Shelf seems to be largely independent of the carbonate phase. This is

in contrast to earlier observations made on the inner Beaufort Shelf, where

notable amounts of Cu are tied up with carbonates in sediments of the two

different shelf regimes; carbonates on the middle and outer shelf are

mainly autochtonous bioclastics, whereas the inner shelf sediments have a

primary terrigenous nonbioclastic carbonate source with extensive copper

ore mineralization located in the Brooks Range.

Organic matter in Beaufort Sea sediments seem to play an important

role as "host" material for most metals. However, it is possible that Fe

and Cu are linked by strong organo-metallic bonds and not readily available

for ion exchange. Further investigations need to be pursued to better de-

fine the mechanisms of the organo-metallic bonding.
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Chapter IX-3

HAZARDS

SEISMICITY

Historical seismic data (Fig. IX-3-1b) from the Beaufort Sea, of

magnitudes greater than .O, were recorded from the region over the period

1786-1974. Maximum earthquake intensity data, extrapolated from available

field records, suggest that earthquakes above magnitudes 3.0-4.0 are un-

likely in the proposed Beaufort Sea lease area (Meyers et al., 1976b).

During the fall and spring of 1975-76, Biswas et al. (RU #483, April

1977) installed nine telemetered short period seismographic stations in

northeast Alaska (Fig. IX-3-la). As indicated above, scant historic

records (1786-1974) suggest a relatively low incidence of earthquakes in

this part of Alaska. During a one year recording period, 69 earthquakes

in the magnitude 1-4 range were located (Fig. IX-3-1c).

It is apparent from these results that seismic activity appears to

extend more or less uniformly throughout the instrumented region, including

the area around 69°N which appeared as aseismic prior to the present study.

Some clustering of the epicenters to the south of Barter Island is seen,

but no linear patterns are apparent (probably due to sparseness of data).

It is now clear that this part of Alaska is characterized by a widespread

and much higher level of seismic activity than known before. With further

instrumental improvements and continued recording, Biswas et al. hope to

delineate the trends of faults, the mechanisms of stress release along

them and the relationship of these faults to the major known faults in the

study area.
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FIG. IX-3-1



Faulting and Bottom Stability

Eittreim and Grantz's (RU #432, April 1977) 26-day cruise on Glacier

from Barrow was hindered by very severe ice conditions which limited in-

vestigations to the western Beaufort Shelf.

Existing seismic data on the outer Beaufort Shelf reveal that active

subaqueous slumping or sliding determines the positions of the continental

shelf-slope break. The location of the physiographic provinces in this

area are shown in Fig. IX-3-2. East of 148°W longitude there is a double

shelf break, the inner break produced by the headwall of a regional low

angle bedding plane slump and an outer break produced by the typical outer

progradational edge of the shelf sediments dropping off to continental

slope gradients. Most profiles perpendicular to the shoreline (Fig. IX-3-3)

can be divided into: (a) continental shelf, (b) gently inclined upper

slope, (c) steeply inclined upper slope, and (d) gently inclined lower slope

before it goes over the continental rise. West of 148°W the gently inclined

upper slope is replaced by a moderately inclined upper slope. Within these

regions fresh scarps at slump or slide slip planes indicate that slumping

and sliding are presently active in many places.

The failure zone that produces nonrotational basinward block glides

on the outermost continental shelf between 152"30' and 154"30'W, may be

a shallow "sensitive" layer possibly extending a considerable distance

beyond the 6 km wide zone of present block glides. Natural or man-initiated

disturbance of such a layer, if present, could cause sediment liquefaction

and flowage. During planning of offshore exploitation of natural resources

special attention should be given to such potentially unstable areas.

Included is a 10 km wide zone along the landward side of the area of block
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FIG. IX-3-2. Physiographic provinces and location of submarine terrains susceptibleto sliding, western Beaufort Sea
(Eittreim and Grantz, RU #432, April 1977).



FIG, IX-3-3. Line drawings from seismic profiles showing physiographic provinces and submarine slides on the
outer continental shelf and upper continental slope of the western Beaufort Sea (Eittreim and
Grantz, RU #432, April 1977).



glides, and extending at least 30 km beyond the east and west end of this

area. Another area is a 2 km wide zone along the south side of subaqueous

slump and bedding plane slide areas on the Beaufort Shelf and the upper

slope. Slumping appears to be a major mechanism for moving terrigenous

sediments from the continental shelf to the deeper ocean basin and will

most likely continue.

Coastal Processes

The U.S. Geological Survey team headed by Barnes, Reimnitz and Drake

(RU #205, April 1977) continued their studies of marine environmental

problems in the ice-covered Beaufort Sea Shelf and coastal region. The

objectives of their research were to: (1) define the character of bottom

materials, including permafrost, (2) investigate present sediment transport

and depositional mechanisms, and (3) study the Holocene and Pleistocene

geologic record. Their primary study area includes the Beaufort Sea Shelf

between Barter Island on the east and Point Barrow on the west, with emphasis

on an inshore segment between Flaxman Island and Cape Halkett. Results

and conclusions for the different aspects of their FY 1977 research are

summarized below.

Salinity of Interstitial Water Seafloor Temperature and Freesing

Points on the Beaufort Sea Shelf. There is supporting evidence for

assuming an unfrozen sediment surface, at least for summer conditions.

Interstitial salinity estimates varied from 18.8 to 39.9 0/oo and the

moisture content was determined or assigned to each sample. Knowing the

moisture content and salinity, a hypothetical freezing temperature for

the interstitial water can be calculated using two different empirical
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equations. The one preferred by the present investigators is by

Molochushkin and Gavuliev (1970) and applies strictly to interstitial

water in sediments. The other equation by Doherty and Kester (1974)

applies to seawater alone and disregards the fact that the deposit is a

mixture of water and sediment. Results from the latter equation suggest

that the seabed from shore to the -7 m isobath should become ice-bonded

during the winter, while the former equation shows that only those areas

shallower than 2 m would be close to freezing during the winter. Seafloor

temperature measurements using a two-meter long thermoprobe with thermis-

tors, coupled to a Wheatstone Bridge did not confirm either equation but

showed greatest seasonal fluctuations nearshore and a slight decrease in

average bottom temperatures in an offshore direction.

Kogru River Studies. Seismic records from the southwestern Harrison

Bay and the Kogru River area exhibit strong, linear and continuous reflec-

tors down to a sub-bottom depth of about 70 m, a feature not observed on

the Arctic shelf in general. It is thought to represent a geologic boundary

between Quaternary (Gubic Fm.) deposits underlying the coastal plain on

the stretch Barrow-Cape Halkett and those farther east. Eolian, lacustrine,

beach and shallow marine sediments exposed in the bluffs along the north

side of the Kogru River, probably belong to the Barrow Unit of the Gubic

Formation. How far to the south this unit extends is not known. East

of the Kogru River area a gravel facies occur in the part of the Gubic.

Short and Wright (1974) show a pattern of primary and secondary

"lineaments" that supposedly have a pronounced effect on the coastal con-

figuration including alignment of barrier island chains and the location

of major offsets in the coast. However, seismic profiles gathered by the
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present investigators of the continental shelf in general, and around

Cape Halkett and Kogru River in particular, provide no evidence for a

geologic basis of such lineaments.

Thermal erosion plays a strong role in shaping the coastline of the

Beaufort Sea. A study of the bathymetry, geology, and water characteris-

tics of the Kogru River area, which forms a large elongate embayment of

the coast, indicates that the origin of this and other lake-like features

(e.g., Prudhoe Bay) may have been oversimplified in the past. The hypo-

thesis that the embayments of the North Coast are recently breached,

coalesced thaw lakes may not be acceptable. The Kogru River embayment

is too deep and morphologically a misfit in comparison to the adjacent

tundra to satisfy the present hypothesis; the origin of this long, narrow

embayment therefore remains unknown.

Bathymetric and Shoreline Changes in Northwestern Prudhoe Bay. It

is important to evaluate which bay and lagoon entrances in the arctic are

blocked by fast ice during the winter, because salinities in closed waters

beneath the ice can be twice as high as those in the open ocean with an

associated temperature of the order of -5"C. Before isolation is completed,

dense water may pass out the spillpoint of the lagoon, and flow seaward.

The implications are important for the potential dispersal of pollutants.

New sounding lines were run during August and July 1976 and compared

with detailed bathymetry from the 1950 U.S. Coast and Geodetic smooth sheet

(7857) and 1970 U.S. Geological Survey orthophotos. These comparisons

revealed that the axis of the deepest part of Prudhoe Bay Channel has

shifted 50 to 175 m shoreward and is 1 to 1.5 feet deeper, whereas the

shallows on either side of the channel have shifted seaward during the
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period 1950 to 1976. An isopach map of the thicknesses of water beneath

the ice in the channel show variations from 1.5 to 3.0 feet in May and

June of 1969. This would indicate that restricted flow of water was

possible during the winter of 1968-1969, causing seasonal infilling and

erosion.

The 6, 7, 8, and 9 foot isobaths have been displaced up to several

hundred meters in the vicinity of the causeway. The 3-15 feet deep bottom

features northeast of the causeway extension were probably caused by

dredging operations during causeway construction and completion and pro-

peller wash from tug boats during an October 1975 freeze-up of the corridor

in this area.

Stump Island has moved onshore 75-100 m and increased in area about

120,000 m2 during the period 1950-1970. Both ends of the island have ex-

tended in a northeasterly direction and changed the shape from lunate to

almost linear. The 275 m offshore (northeast) movement of the eastern tip

of the island is unique and may reflect funneling of water from occasional

westerly storms down the coastal lagoon system.

Pronounced coastal erosion occurs at Point McIntyre. Further east

of here the coast is uniformly eroded from 10 to 20 meters, averaging 1

meter per year. The coastal promontory west of Point McIntyre and the

northeast-facing coasts east of Gwydyr Bay have been eroded up to 50 and

60 m, respectively, averaging about 2 n/yr. It is interesting to note

erosion even in the region of coast somewhat protected by Gull Island

shoal. It is apparent from this study that the construction of features

like the new causeway will affect the patterns of erosion and deposition,

but to an unknown extent.
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Additional data on coastal erosion rates are provided in Lewellen's

(RU #407, 1977) Final Report. He measured coastal erosion rates by com-

paring sequential aerial photographs. Along the eastern sector of the

Beaufort Sea, rates range from 0.0 to 4.7 meters per year. In the western

sector variations in coastal erosion rates can be great within short dis-

tances as in the case along Elson Lagoon. The most intense erosion is

along parts of the coast between Drew Point and Cape Halkett where coastal

erosion rates up to 20.6 meters per year are measured (Fig. IX-3-4).

Mechanisms of shoreline retreat and erosion include:

* thawing of the bank sediments and saturated soil flow (i.e.,

solifluction),

* thermal undercutting of the frozen soils and collapse of

soil blocks, and

* transport by waves and currents.

Lewellen concluded that it is presently impossible to: (1) indicate

where coastal morphology is likely to be changed by man's activity, (2)

indicate the relative erosional susceptibility of the coastal geomorphic

areas, and (3) evaluate the effects of man-induced changes in coastal

morphology. He did determine, however, that existing data bases are ade-

quate to solve specific development problems as they arise.

Rates of Ice Gouging. Three general categories of sea ice zonation

are considered by Barnes et al. (RU #205, April 1977): (1) bottom fast

ice is present in waters shallower than 2 m, (2) floating fast ice is

located seaward of the bottom fast ice, and (3) the stamukhi zone, which

is a zone of grounded ice ridges at the seaward edge of the floating fast

ice.
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FIG. IX-3-4. Selected rates of erosion along the Beaufort Sea coast (Arctic Project Office/NOAA, 1977).



The two test lines from which data were gathered are located north

of Oliktok Point in water depths of 6 to 12 m (within the zone of floating

fast ice). The precisely controlled test lines were surveyed in 1973,

1975 and 1976. Ice gouge phenomena were analyzed in 1/2 km segments from

1975 data, and then compared to sonographs recorded in 1976. An analogous

comparison has been completed between 1973 and 1975 data (Reimnitz et al.,

1977).

Quantitative analysis indicates that the inner shelf is reworked to

depths averaging 30 cm in thickness in periods between 50 and 100 years.

The maximum 1976-incision was 120 cm, deeper than any seen in the 1975

record. Both the depth of gouge incision and the width of gouges tends

to increase offshore. In 1975 the gouges trended east-west parallel to

the shoreline. Trend analysis of 1976 gouges give a northeast-southwest

direction. Gouge trends appear to be consistent within one year, but show

differences from year to year. The intensity of ice gouging is expected

to increase seaward within the stamukhi zone and seems to be locally more

intensive on steeper bottom slopes.

The widely differing character of gouging during the period 1973-75

and 1975-76 suggests that gouging is a very sporadic process and perhaps

is strongly dependent on ice and storm conditions of the preceding fall

and winter. The rate of gouge activity clearly indicates that ice gouging

must be considered in offshore installations, in particular for pipelines,

which will probably have to be protected from forces which can create

gouges up to 2 meters deep on the inner shelf.

Additional ice gouging studies include the R.V. Watchick which ran

32.7 n miles of survey tracks off Pt. Barrow and all gouges deeper than

one foot were identified (Shapiro et al., RU #250, April 1977). Most of
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the gouges were between 2 and 5 feet deep, with the deepest being 9 feet.

A histogram of the gouge density versus the water depth of gouge occur-

rence is shown in Fig. IX-3-5. There is an obvious increase in gouge

density for water depth intervals greater than 25-29 feet.

Ice Gouged Microrelief on the Floor of the Eastern Chukchi Sea.

Trackline records obtained over the shelf at water depths of 20 and 70 m,

provide a data base from which some general characteristics of ice gouged

microrelief of the Chukchi Shelf may be analyzed with respect to bathy-

metry and geographic location.

The dominant trend (azimuth) of ice gouged micro-features, together

with their density, and maximum width were determined for 1 km long, linear

trackline segments directly from the facsimile somographs. Although the

density of ice gouging with the study area is patchy and decreases markedly

from north to south, ice gouging plays a dominant role in the sedimentary

environment of the shelf. Gouge densities of over 200/km occur in water

depths less than 35 m, but no values higher than 10/km were found at depths

over 56 m.

A wide scatter of dominant gouge trends characterizes the shelf, and

only locally is there bathymetric control to the trend of gouging, such as

seen in the vicinity of Barrow. This is a fundamental difference from the

Beaufort Sea. Also, the presence of current-produced bedforms adjacent

to or within individual gouges suggest that gouge fields in the Chukchi

Sea are more rapidly reworked by currents. Similarities between the

Beaufort and Chukchi Sea Shelves are in the maximum values of ice gouge

densities, ice gouge widths and incision depths.



FIG. IX-3-5. Histogram of gouge density with water depth. Data were obtained by a bathymetric survey

within 2 nm of NARL by Shapiro et al. (RU #250). Only gouges deeper than one foot were

recorded.



Diving Notes from Three Beaufort Sea Sites. Scrutinizing the sono-

graphs, Barnes et al. (RU #205, April 1977) found several areas of "funny

bottom" where identification of reflectors and interpretation of bottom

type was difficult. A number of the "anomalous" bottom areas have been

investigated by underwater television and direct diving observations in

an attempt to find the causes of these features.

Dive site 2, west of Karluk Island: A patch of boulders 80-100 cm

in diameter, did not reveal any strong individual reflectors associated

with well defined acoustic shadows on the sonographs. Rather, the sono-

graphs were more characteristic of subtle changes in textural grain sizes,

and the elongation of return signals was attributed to masking by the

abundant marine growth, particularly kelp. Boulders within the lagoon south

of Flaxman Island and elsewhere along the coast were located atop units

of marine debris, and believed to be lag deposits resulting from erosion

of small islands consisting of Gubic Formation material, e.g., Flaxman,

Tigvariak, and Howe Islands. The boulder patch on this dive site is thought

to have a similar origin.

Dive site 3, Newport Entrance of Stefansson Sound: The "funny bottom"

recorded here was obviously related to dense fields of polychaete worm

tubes. These fields occasionally are disrupted by ice gouging. After such

events, currents and waves retard deposition in the bare spots, but the

dominant activity is that of reworking by organisms.

Dive site 4, east of Flaxman Island: Lagoonward currents were

recorded as linguoidal ripples and internal sedimentary structures within

the channel fill. This contradicts the expected strong seaward currents

in the Inlet produced by river flooding and westerly storms piling water
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in the eastern part of Leffingwell Lagoon. A source for the observed

ice gouges and scouring currents in the bottom of a 10.5 m deep depression

is puzzling.

Summary. Barnes et al. (RU #205, April 1977) include a brief summary

of their results to date:

"Drifting ice has been clearly established as a major factor

in the marine geologic and sedimentologic environment of arctic

shelves.

Major boundaries exist which are related to inner shelf sea

ice zonation (Figs. IX-3-6 and 7). Inside the two meter contour

ice rests on the bottom at the end of the seasonal growth, and

generally remains stable and undisturbed through the winter.

Seaward from this bottom fast ice, a zone of relatively undis-

turbed ice up to 2 meters in thickness of floating fast ice

extends offshore to where it meets the moving ice of the polar

pack. At this juncture, shear and pressure ridges develop which

become grounded forming the stamukhi zone. Each of these zones

apparently has distinctive sedimentologic, permafrost, morpho-

logic and ice gouge character.

A rudimentary framework for the processes and related

sedimentologic record over the entire shelf width has been

established. Utilizing this framework a conceptual model has

been developed which relates the relative importance of ice and

water as dynamic agents to depth and distance from the coast

(Fig. IX-3-8). It is believed that the two areas of most intense

sedimentologic activity occur along the coast and in the stamukhi

zone between the coastal ice and the arctic pack ice. Ice

deforms and stirs bottom sediments, permits conductive thermal
transfer between the atmosphere and the seafloor where grounded,
inhibits free discharge of river water during spring, resuspends
sediments and transports sediments by bulldozing and rafting.

Processes related to the fast ice flooding by rivers (Uliktuk)

during the spring river flood, have a strong influence on the

inner shelf sedimentary environment of the Beaufort Sea Shelf.

It is during this event that winter accumulations of pollutants

would be remobilized, transported, and redistributed. Drainage

through strudel and subsequent underflow, scour and reshape the

bottom in the region off arctic deltas. However, little sediment

is initially carried in the Uliktuk and conditions for ice

rafting sediments great distances on the inner shelf are un-

favorable. Seismic studies have shown only a thin layer of

Holocene sediments manteling the entire width of the continental

shelf, thus the scarcity of modern deltaic sediments near arctic
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FIG. IX-3-6. Diagrams showing the fall and winter growth and development of sea ice zonation in relation to bottom
and coastal morpholovy of the Beaufort Sea. Note the development of stamukhi on the submerged ridges
and the tidal crack at the boundary between the bottom fast ice and the floating fast ice at the edge
of the 2 m bench. Drawings by Tau Rho Alpha. (Barnes et al., RU #205, April 1977)



FIG. IX-3-7. Diagram of an idealized cross-section of the fully developed ice

zonation along the Alaskan Beaufort Sea coast at the time of

maximum ice growth in Spring. Drawings by Tau Rho Alpha.

(Barnes et al., RU #205, April 1977)
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FIG. IX-3-8. Conceptual model of the relative importance of ice and
water as process agents on the bottom sediments on the
arctic shelf off northern Alaska (Barnes et al., RU #205,
April 1977),
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river mouths remains an enigma. These same studies show that the
Holocene sedimentary section is reworked by ice currents, and
strudel scour obliterating most of the bedding features (Barnes
et al., RU #205, April 1977)."

OFFSHORE PERMAFROST

Rogers and Morack (RU #271, April 1977) are determining the distribu-

tion of offshore permafrost and the depth to the top of the ice-bonded

permafrost beneath the ocean floor. The Prudhoe Bay and Point Barrow areas

were selected for investigation utilizing seismic refraction data; seismic

reflection data (Barnes et al., RU #205) and hand auger drilling data were

used for comparison.

A distinction between various types of permafrost is necessary from

the standpoint of material properties. Using the thermal definition,

permafrost is material that has remained below 0°C for two or more years in

succession. Icebonded permafrost is material whose physical characteris-

tics are dominated by the freezing and bonding action of interstitial

fluid. Ice-bearing permafrost is material below O°C with ice and fluid in

the interstices. The term "frozen," as it appears in some drillers'

reports, should be avoided, especially when no fast seismic layer can be

found.

The inverse slopes of the time-distance plots are used to determine

seismic velocities in the sub-bottom material. Seismic velocities for

permafrost materials are typically 2500-3000 m/s while similar materials

in the nonfrozen state typically have velocities ranging from 1600 to

2000 m/s. Since the seismic methods used depend primarily on the bonding

effects for velocity enhancement, one can find small amounts of ice during

drilling but observe no seismic velocity enhancement.
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Seismic reconnaissance studies on three barrier islands (Point Barrow

area, Cross Island, and Reindeer Island) indicate that they are not com-

pletely underlain by ice-bonded permafrost, and that some may be completely

free of ice-bonded permafrost. This general statement depends on whether

the island is a remnant of an ancient shoreline or whether it is a more

recent constructional feature. Width of the island, migration rate and

soil types are also important. At Point Barrow it was possible to draw

a boundary between frozen subsurface material in the tundra on the landward

side and unfrozen subsurface material consisting of pea gravel on the sea-

ward (constructional) side. In all cases where ice-bonded material was

found, it was at depths of less than 3 m and the average of all depths

observed was 2 m. The maximum depth for detection of frozen materials

depends on the length of the refraction line. Based on observations here

and elsewhere concerning the depth of the frozen layer, it is concluded

that if a frozen layer does exist in areas where no high velocities were

observed, it is probably considerably deeper than the penetration depth

of the hammer seismograph equipment used in this study.

On Cross Island a grassy area yielded high velocities indicative of

ice-bonded materials; nonvegetated areas are not ice-bonded, but may in-

clude ice-bearing sandy gravels. (Similar trends were found on the

islands and spits near Barrow.) Geophysical data were gathered on Reindeer

Island in an area where permafrost has been reported from the surface to

a depth of 20 m. The highest velocity observed, 1901 m/s at 12 m depth,

does not indicate the presence of ice-bonded permafrost. Rogers and Morack

(RU #271, April 1977) conclude that either there is no boundary between an

ice-bonded layer and non-ice-bonded materials, or, if there is a boundary,

it is sufficiently diffuse so as to provide poor reflection.
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Analysis of data from one refraction line just west of Prudhoe Bay

indicates that the upper surface of the ice-bonded permafrost dips down-

ward away from the shore to depths of about 100 m at distances of approxi-

mately 15 to 20 km offshore. A similar trend for the upper surface of the

ice-bonded permafrost may be observed in areas with similar shoreline

history, similar soil properties and similar ice content in subsurface

soils. A major implication of such a surface is that bottom founded

structures and buried pipelines will probably not be affected by offshore

permafrost if they are sufficiently far from shore. In nearshore areas,

it may be necessary to construct surface causeways for hot pipelines to

bridge the shallow permafrost zone. On the barrier islands, where areas

with no ice-bonding have been observed, it should be possible to place

hot oil pipelines with no adverse effects from ice-bonded materials.

The bottom relief, sedimentation rates, temperature data and seismic

data all support the idea of Prudhoe Bay being a former thaw lake. The

former lake is rather large compared to nearby lakes on land today, but

it can be speculated that other such features (possibly smaller) exist

along the Beaufort Sea coast. The existence of these permafrost free

locations can be expected to affect offshore construction activities.

The interpretation of point reflectors that appear on the sparker

reflection records is not known for certain. The reflectors, probably

between 2 and 20 m in dimension, are principally located at depths from

about 25-250 m. (Statistically they are most numerous at depths of 50-

100 m.) Although the possibility that the reflectors are massive ice

inclusions has not been ruled out, it seems unlikely. Rogers and Morack

(RU #271, April 1977) stress the fact that the sparker reflection data
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does not show a discrete boundary for the ice-bonded permafrost; this

implies that the surface is rough and diffuse.

Hopkins et al. (RU #204/473, April 1977) sought direct knowledge of

offshore permafrost based on thermally instrumented boreholes in the Prudhoe

Bay area, and on the study of borehole cores and cuttings. Four boreholes

were drilled during the spring 1976 (Fig. IX-3-9). Data from these bore-

holes were combined with information from boreholes placed nearer shore

and on shore by the University of Alaska in 1975 and a single borehole

placed on Reindeer Island by Humble Oil Company some years earlier. Core

and wash samples were used for engineering tests, granulometric analyses,

extraction of interstitial water with sequential chemical analysis, and

stratigraphic, paleontological, paleomagnetic, geochronological, and

paleoecological studies leading to information about the age, environment,

and climatic or thermal history of the Beaufort Sea Shelf. This informa-

tion is needed for thermal modeling and development of predictive models

for the distribution of offshore permafrost.

A highly simplified analysis of nearshore thermal conditions at

Prudhoe Bay yielded the following results: (1) it underscores the impor-

tance of distinguishing between two cases depending on whether the differ-

ence between mean annual seabed temperature and the melting temperature

at top of ice-bonded permafrost is larger or smaller than zero (0 - 0x

> or < 0). In the first case (0 - 0 > 0), permafrost thaws downward

progressively from the seabed and eventually disappears. The second case

(00 - 0x < 0), which is expected in a nearshore zone where sea ice freezes

to the bottom seasonally, is characterized by permafrost persisting near

the seabed, even in the steady state. (2) When inundated by the sea,
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FIG. IX-3-9. Bore hole locations for subsea permafrost studies
(RU #204/473 and RU #105, April 1977).
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temperatures in ice-bonded permafrost will equilibrate at the value deter-

mined by the melting temperatures of its upper and lower surfaces. For

conditions at Prudhoe Bay the time required to reach this near-isothermal

condition is calculated to be about 1800 years. (3) An estimate of the

time of inundation calculated from the observed depth of thawing at the

seabed should include the amount of heat consumed to warm the permafrost

to its melting temperature (but not melting it) in the initial phases.

For the present data this heat requirement increases the effective time

since inundation by 50-80%. (4) and (5) The thaw rate of the upper surface

of ice-bonded permafrost diminishes progressively with time because the

thickness of the insulating thawed layer increases. At present, perma-

frost is degrading faster at its lower surface (1-1/4 cm/yr) than at its

upper surface (1 cm/yr at #3370, 1/2 cm/yr at PB-3, 1/3 cm/yr at PB-2),

and the disparity will increase with time. According to Hopkins et al.

(RU #204/473, April 1977) the thawed layer is thinnest at the site

farthest from shore (PB-2) -- the one that has been submerged the longest.

The analytical model resolves this paradox because the seabed at PB-2

is colder and thaws more slowly, as indicated by the rates cited above.

(6) Attempts to estimate the period of inundation from observations of

temperature and thickness of the thawed layer that insulates permafrost

is the combined effect of thawing and sedimentation. An account of sedi-

mentation leads to adjustment of the inundation time by 40+% at Prudhoe

Bay.

The simplified analytical model was applied to observations at Prudhoe

Bay. The results suggest a period of rapid transgression (at the rate of

10 m/yr) terminating some 4000 years ago at a point presently 4 or 5 km
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offshore. Thereafter, they suggest a slow transgression at the rate of

1 m/yr up to the present shoreline position. Although the results coincide

with geomorphic estimates of thermal erosion of the present shoreline

(1 m/yr) and sea level curves (10 m/yr), there are uncertainties in the

assumptions that could change the results substantially.

Geological data from the boreholes have yielded information on strati-

graphy and environments of deposition on the Beaufort Sea Shelf during

the Holocene epoch. Three major groups of sediments were recognized. At

the top, a surficial sequence of marine mud, clay, and beach gravel, which

is overlying a sequence of angular, sterile sand and gravel interpreted

as glacial outwash. At the bottom, finer pebbly, well sorted sand and

gravel are believed to be ancient alluvium of the Sagavanirktok River.

The geologic history inferred from borehole PB-2 seems to fit with the

results from the mathematical geothermal analysis.

Harrison and Osterkamp (RU #253/255/256, April 1977) continued their

investigations of seabed boundary conditions relevant to subsea permafrost

regimes and of heat and salt transport processes in the permafrost.

Although several local studies have established its existence and

local properties, no regional studies of the areal distribution and thick-

ness of permafrost are available for the Beaufort Sea. In general, the

upper boundary of ice-bonded permafrost is very irregular or undefined.

Bonded permafrost may contain layers of unbonded material, and it is

probably also discontinuous some distance from shore. The existence

of seasonal variations in the location of the bonded-unbonded subsea

permafrost boundary in shallow water is analogous to the "active layer"

on land (Fig. IX-3-10). When a well-defined upper boundary of ice-bonded
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FIG. IX-3-10. Data showing an active subsea permafrost layer nearshore at Prudhoe Bay, at the site described by
Osterkamp and Harrison (RU #253/255/256, April 1977).



permafrost exists, its temperature will usually be close to -1.8°C. In

nearshore areas it is usually colder, but near large rivers it may approach

000C.

The mean annual temperature and thermal diffusivity on shore were

measured to be between -10°C and -11°C and roughly 45 15 m2a , respec-

tively. The annual temperature variation at 0.4 m depth, which is about

the same depth as the active layer, exceeds 22°C. Offshore temperature

measurements were made at Prudhoe Bay to help define the appropriate seabed

temperature boundary conditions to be used in theoretical models of subsea

permafrost. Annual temperature variations at the seabed at Prudhoe Bay

are about 17°C. The low seabed temperatures under thick ice in shallow

water are evidently due to poor mixing. At Prudhoe Bay it was found that

ice freezes to the seabed, and that salt concentrations range up to 3-4

times that of normal sea water. If there is 0.1 to 0.2 m of water beneath

the ice cover, the salt concentration is about twice that of normal sea

water. Where the water depth underneath the ice is more than 2-3 m, salt

rejected during freezing is efficiently removed, and the freezing tempera-

ture of normal sea ice exists under the ice.

Harrison and Osterkamp (RU #253/255/256, April 1977) have been able

to show that the transport of salt in the thawed layer at a region such

as Prudhoe Bay, is primarily accomplished by moving interstitial water

and is efficient, so that the temperature at the lower boundary of the

thawed layer is probably close to the freezing point of sea water. Heat

transport, on the other hand, is primarily conductive. Application of a

crude thermal model suggests that ice bearing permafrost may be found

well out on the Beaufort Sea Shelf (Fig. IX-3-11).
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FIG. IX-3-11. Application of a crude thermal model to prediction of bonded-unbonded subsea permafrost conditions
off Prudhoe Bay. Although the details should not be taken seriously, the model does show that ice-
bearing permafrost may extend well out on the Beaufort Sea shelf. Information from drilling and
seismic work within 17 km of shore is shown by the range bars on the upper boundary. (The position
of the 00 C isotherm from Aagaard, RU #151; Harrison and Osterkamp, RU #253/255/256, April 1977).



Sellmann et al. (RU #105, April 1977) have continued to quantify

engineering characteristics of subsea permafrost and to determine their

relationship to temperature, sediment type, ice content and chemical

composition. The 1976 drill sites (Fig. IX-3-9) are the same as PB-1,

PB-2, and PB-3 of Hopkins et al. (RU #204/473, April 1977).

Field logs show a fine-grained surface section of marine mud (4.5

to 8.8 m thick) overlying beach sand and gravel. A middle sequence of

poorly sorted angular gravel lacking any organic remains appears to be

approximately 18 m thick at sites PB-1 and PB-3 and less than 5 m thick

at PB-2. All boreholes terminate in an alluvial section of well-sorted

sand, pebbly sand and gravel containing lenses of detrital wood and plant

fragments.

Temperatures below 0°C were present at all sites studied, but no ice-

bonded samples were recovered within the upper 30 m of subsea sediments

in a region extending 1 to 17 km from the shore. Pore water chemistry

data give a freezing point of -1.8°C at sites PB-2 and PB-3; combined

with known negative thermal gradients at each site, this information

yields estimated depths to ice-bonded permafrost for site PB-2 of 29.9 m

and for site PB-3 of 43.3 m. Since site PB-2 is farther from shore and

in deeper water than site PB-3, it appears that the depth to ice-bonded

permafrost decreases with increasing distance from shore and increasing

water depth.

Laboratory strength tests for site PB-1 reflect weak sediments to a

depth of 5 m or more (max. 45 kilopascals). At a depth near the boundary

between fine-grained marine sediments and coarse-grained glacial outwash

material the shear strength is 134 kilopascals. At site PB-2, there is
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a gradual increase of shear strength with depth, being 92 kilopascals near

the top of the stiff marine clay section and 225 kilopascals near the

bottom. At site PB-3 the shear strength decreases with depth in the marine

section from 107 down to 28 kilopascals. The dense marine clays occurring

at site PB-2 seaward of Reindeer Island have probably been overconsolidated

by freezing and thawing.

Chemical analysis shows that salinity and ionic composition of inter-

stitial water from Prudhoe Bay subsea permafrost vary from site to site.

The conductivity of the interstitial water ranged between 43 and 72 mmhos/cm,

but is relatively uniform in each section. The top 4 meters of nearshore

sediments contain much higher CaCO 3 than the sediment further offshore, and

this is best explained by ion exchange reactions in the sediment-brine

systems (Sellmann et al., RU #105, April 1977).

Vigdorchik (RU #516, April 1977) is developing a geographic based

information management system for permafrost in the Beaufort and Chukchi

Seas. The objective is to develop a computerized system which will aid

in predicting the distribution, thickness and character of offshore perma-

frost. So far, all existing data on depth, temperature, and salinity of

the Beaufort and Chukchi Sea Shelves have been gathered. Some of the data

are on magnetic tapes and data map compilation can begin. (A preliminary

report including maps of derived data and specific parameters is scheduled

for June 1977.) A comprehensive review and analysis of past and current

Soviet literature on subsea permafrost and related coastal processes is

also underway. An in-depth search of the pertinent Soviet literature

yielded a bibliography consisting of 413 publications. Included are 55

titles from the CRREL Preliminary Bibliography and 100 from Felix Arc's

Bibliography sent from USSR to CRREL.
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Vigdorchik has also addressed two questions concerning subsea perma-

frost on the Arctic coast of Eurasia. The first concerns the thickness

and distribution of the rock zone with subzero temperatures on the Eurasia

Arctic coast. The zero isotherm in the Laptev Sea coastal zone was pre-

dicted to lie at 900-1000 m depths (Kojevnikov Bay and Chay Tumms), and

in the Kara Sea at 500-900 m depths (Ust Port and Amderma). The second

concerns submarine permafrost extension in the Laptev and East Siberian

Sea. Permanently frozen deposits were discovered in Laptev Sea at a maxi-

mal distance of 26 km offshore near the mouth of Yana River. In the East

Siberian Sea perennially frozen ground was encountered 18 km from shore

at the mouth of Indigirka River. A geocryological map 1:10,000,000

covering the Soviet Union was published in 1960 (Fig. IX-3-12). The map

was based on paleogeographical estimations and shows the boundary of

permanently frozen ground under the bottom of the arctic seas.

SEA ICE

The LANDSAT satellite system is being used by Barry (RU #244, April

1977) to observe the movement, distribution and condition of sea ice.

Along the Beaufort Sea coast pack ice and broken fast ice usually move

in the same direction as the winds blowing at Pt. Barrow. This is true

even when the ice being considered is an appreciable distance (hundreds

of kilometers) from Pt. Barrow.

The distribution of ice along the Arctic coast has been compared to

climatological records to infer the influence of climate on fast ice.

Barry uses the distance northward from Pt. Barrow to the 4/8 concentration

of sea ice on a particular day each year (15 September) as a measure of
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FIG. IX-3-12. Permafrost om the Soviet Union
(Baranov 1960) in RU #516,
April 1977.



the severity of sea ice conditions. This measure is then related to meteor-

ological parameters in a step-wise regression model. Sixty-five percent

of the variance in the distance of the 4/8 concentration from Pt. Barrow

can be attributed to the local temperature conditions integrated over the

preceeding summer. By including wind speed and pressure in this model, 80%

of the variance can be accounted for. Between 250 and 400 TDDs (thawing

degree days) are required for the removal of fast ice along the coast at

Pt. Barrow, and if 400-500 TDDs occur during the summer, open water can

extend up to 80 km off Pt. Barrow by 15 September. Because summer tempera-

tures are controlled by the prevalent synoptic patterns, these patterns are

responsible for the distribution of ice. The proportion of synoptic types

with southerly geostrophic winds (and higher than average temperatures)

determines the extent of open water along the coast in summer. Based on

this and other research, Barry suggested a seasonal scenario for the fast

ice regime (see Figs. IX-3-6 and 7):

(a) new ice formation - late September/early October,

(b) first continuous fast ice sheet - mid/late October,
unstable outside bays and the barrier islands,

(c) extension and modification of fast ice - November
to February. No direct observations cover this
period. The general sequence involves:

* seaward progression of the ice edge,
* ridging of successive ice edges,
* incursions of older ice, and
* grounded ice masses, formed in situ or

driven shoreward (Kovacs),

(d) stable fast ice inside about the 15 m isobath -
February to April/May (Stringer),

(e) estuarine flooding of ice - late May -- most extensive
along the coastal section between the mouth of the
Colville and Sagavanirktok Rivers,
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(f) puddling on ice - early June -- considerable variation
from year to year as well as spatially in one year,

(g) melting and weakening of ice - June (attached ice delays
April/June) -- 1st year ice melts first,

(h) breakup - late June to August, and

(i) open water in favorable years - August/September -- some
deep-draft older ice and ridge fragments remain in the
nearshore zone.

Kovacs and Weeks (RU #88, April 1977) are studying the dynamics of

nearshore ice using land-based radar systems and remote sensing systems.

Off Narwahl Island the predominate ice motion was outward from the coast

and was correlated with the local wind. Long term changes in target

distances are believed to be due to the thermal expansion of sea ice.

Motion of the pack ice parallel to the coast was not correlated with local

winds. Although there were significant short term motions (up to 2.7 km)

the net motion parallel to the coast was small; it did increase with

distance offshore.

During March-May 1976 the boundary between fast ice and pack ice

off Narwhal Island usually occurred along 30-35 m depth contours. Multi-

year shear ridges were found in 15 m depths north of Cross Island and were

as high as 12.5 m thus presenting a potential hazard for nearshore opera-

tions. There is a decrease in riding intensity both westward from Barter

Island and northward from the coast. Distribution of ice ridges can be

described as an exponential decrease in the frequency of occurrence with

increasing height. There is also an exponential decrease in the distribu-

tion of floe diameters as floe size increases. The most common shape of

multiyear ice floes is circular and the largest ellipticity encountered

had a length and width ratio of 5 to 1.
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Kovaks and Weeks (RU #88, April 1977) also found that areas of up to

tens of kilometers of sea ice can act as a single crystal due to the simi-

larity in the orientation of the c-axis. Such an areal orientation would

significantly increase the strength of the ice field. (There was no

evidence for the crystal orientation to be parallel to the magnetic field.)

Shapiro and Nelson (RU #265, April 1977) conducted experimental deter-

minations of in situ creep and strength of sea ice. The creep curves

(plots of strain at a constant stress against time) were smooth curves

with the exception that in some of the uniaxial compression tests discon-

tinuities or jump points were found. These discontinuities consisted of

an instantaneous increase in the strain rate, then a return to a steadier

(but larger than the original) strain rate. Shapiro and Nelson suggest

that these points are caused by a failure occurring within some volume

of the sample. Thus, subsequent to the occurrence of a jump point, the

load is effectively distributed on a smaller cross sectional area and thus

the strain rate increases. These data are being successfully applied to

a one dimensional, four parameter ice model.

Ice strength tests were also performed. Direct, in situ, shear tests

gave repeatable results. Techniques for testing compressive strengths

and indirect tension (Brazil test) were developed. Uniaxial compression

tests were run on triangular prisms of ice. Failure occurred at 2.8-3.5

MPa with a primary crack extending along the center line of the sample.

Secondary, vertical cracks were also observed. These tests were repeated

on a reduced cross section of the prism shaped sample. Small scale

fracturing occurred and creep became too great to offer resistance to the

expending flatjack. Techniques for biaxial loading were developed and a
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fracture at 4.8 MPa was recorded. Curved flatjacks were employed to elim-

inate secondary cracking of the ice cylinder used in the Brazil tests.

With this modification, failure occurred (at 3.7 MPa) as a single crack

between the flatjacks. Young's modulus and Poisson's ratio were also

determined from some of the samples.

The first steps towards developing prediction capabilities for ridging

in landfast ice have been taken by Shapiro et al. in RU #250 (April 1977).

Shapiro, Bates and Harrison point out that predicting areas of extensive

ridging would allow nearshore structures to be installed in areas of less

severe stress or to be designed to withstand the increased stress of ridges.

Motions of sea ice near NARL at Barrow were recorded by sea ice radar

and by a 8 mm time lapse camera. Motion observed on two occasions resulted

from internal stresses of the sea ice that were generated over several

hundred kilometers, apparently in response to the movement of atmos-

pheric low pressure systems. Prior to the observed motion of the landfast

and drifting ice, increased stress levels were observed by stress trans-

ducers in the ice. Simultaneously increased energy levels were seen in

bubblier type tide gauges below the ice. Vertical motions of the ice

were occurring with an amplitude of a few centimeters and a period of

about ten minutes. Figure IX-3-13 shows a time progressive spectra of

the tide gauge data covering the twelve hour period preceeding the movement

of the ice. Each spectrum consists of 32 data points, each observed at

2.3 minute intervals. The first few spectra (near the bottom of the

figure) have low energy levels while the spectrum immediately before the

motion has much larger levels. Thus it appears that high stress levels

may be predicted from observations of vibrations. A model of the vibra-

tions in the system of sea ice floating on water is being developed.
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FIG. IX-3-13. Time varying spectra of ice vibrations at the fast ice edge at Pt. Barrow

(Shapiro et al., RU #250). Each spectrum consists of 32 points, sampled at

2.3 minute intervals; the 10 spectra represent 12 hrs of data. The spectrum

closest to the bottom of page represents vibrational conditions approximately

12 hrs prior to an observed ice movement. Each additional spectrum represents

vibrations in sequential data. The data were obtained by a bubble tide gauge

moored on the seafloor under the ice.
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FIG. IX-3-14. Cross-section of typical beach ice ridge (Shapiro et al., RU #250, April 1977).



Movements of the ice occurred in brief (5-30 minute periods), sporadic

(occurring every few hours) bursts. In 1975 the outer boundary ridge of

the fast ice was observed to move shoreward 250 m. Thus for an average

thickness of the ice of 1 m, approximately 250 m
3 of ice were forced into

ridges (per unit length of coastline).

The formation of ridges was observed as an ice sheet advanced 
onto

the beach. After an initial movement a bulge opened in the ice and sub-

sequently a crack appeared at the synclinal bend of the bulge. 
A rubble

core developed along the crack as ice moved farther onshore. As the ice

sheet was driven onshore it overrode the rubble pile. Cracks appeared

at the leading edge of the ice sheet and cubical blocks fell 
from the

face of the sheet. The fallen blocks widened the ridge and the ice sheet

now advanced over its own pile of ice debris. The sheet was quite ductile

and was able to sustain an uplift of 20°C as it travelled over the rubble

(Fig. IX-3-14).

A comparison of the nearshore ridging of the years 1975 and 1976 
was

made. Intense ridging occurred in the same areas in both years.

Two observations were made of the deformation of fast ice as it

moved against the beach. In one case there was open water adjacent to

the ice and the onshore compression was relieved by expansion into that

area. In the second case there was no nearby open water. Failure occurred

in the form of shear fracture.

Stringer (RU #257, April 1977) points out that oil exploration is

being carried out in areas of possible ice hazards, inshore 
of grounded

ice. However the strength of grounded features varies and fracturing 
has

been observed inshore of such ice features which could endanger 
explora-

tion teams.
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Hunt and Naske (RU #261, April 1977) have compiled long-term records

of the extent of the pack ice during summer and early fall based on the

records of early expedition ships, whalers, etc. Their maps (e.g., Fig.

IX-3-15) show indications of significant long-term changes in the extent of

the ice, with more open water in August and September since about 1940 than

between 1860-1919. This trend is especially apparent if the post-1940

observations are compared with the more tentative line giving the edge of

the pack during 1860-79. This finding, if substantiated in the final

analysis of the data, and especially if it can be correlated with other

climatic indicators, is of considerable importance. It emphasizes that

inferences concerning ice variability, based only on recent detailed records,

may be quite misleading when applied to the variability of ice conditions

on a time scale of 50-60 years. Economic developments along the Beaufort

Sea coast must, of course, be viewed in the context of such a long-term

perspective (Arctic Project Office/NOAA, June 1977).
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FIG. IX-3-15. Long-term averages of the extent of sea ice in August for various periods (Arctic Project Office/
NOAA, June 1977).



Chapter IX-4

TRANSPORT

INTRODUCTION

A substantial number of physical transport studies were conducted

in the Beaufort Sea during FY 1977. These studies focused on meteorolog-

ical observations, temperature-salinity (and density) distributions,

anchored current meter measurements, sea-ice movement, oil-sea-ice inter-

action, sediment distribution and modeling. Some of these studies, for

example the analysis of hydrographic and current meter data, have provided

a first seasonal picture of shelf circulation. Some preliminary ideas

about the nature and mode of contaminant transport in this lease area

can be formulated.

METEOROLOGICAL OBSERVATIONS

Coastal meteorological data analysis and modeling studies are being

conducted by Carsey (RU #519, April 1977). A comparison of wind and

pressure observations near Prudhoe Bay with the National Weather Service

(NWS) predictions has shown significant differences. (NWS forecasts are

based on the few available pressure stations in the area.) In order to

account for these differences the mechanisms of sea breezes and mountain

barrier baroclinicity are being examined. For the one period of extensive

observations (summer 1976) sea breeze forcing was an important meteorolog-

ical factor near Prudhoe Bay; this factor is not incorporated into the

NWS forecasts. The meteorological impact on sea level fluctuations is

also being estimated.
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An analysis of historical meteorological records from the National

Weather Service has shown that there has been a recent cooling trend at

Barrow (Barry, RU #244, April 1977). Between 1921 and 1952, 82% of the

summers had more than 400 TDDs (thawing degree days). From 1953 to 1975

only 52% of the summers had this condition. This cooling is also charac-

terized as the loss of 66 TDDs or a decrease of 0.80F in the average

summer temperature.

A compilation of marine climatological data for the Gulf of Alaska,

and the Bering and Beaufort Seas is being prepared by Wise (RU #347, April

1977). All the data have been gathered and processing into atlases is well

underway.

GENERAL HYDROGRAPHY

Repetitious hydrographic sections on the continental shelf of the

Beaufort Sea have been taken in order to describe the seasonal and inter-

annual changes that occur (Aagaard, RU #151, April 1977). This data set

is believed to be the first one obtained through sea ice in the Beaufort

Sea.

Observations from 1975 and early 1976 were briefly discussed in last

year's Annual Report. A characterization of the seasonal changes in the

hydrographic regime on the continental shelf is now possible. In the

fall the shelf is well stratified: a low salinity, well mixed layer is

situated above a strong halocline which is about 20-40 m deep. The near-

surface homogeneity is due to thermohaline convection induced by the

freezing of sea water. The low salinity in the well mixed layer is a

remnant from summer conditions (fresh water runoff and sea ice melt water).
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The near-surface salinity increases 1-2% as one goes seaward across the

shelf. In vertical profiles of temperature, relative maximum are seen

at mid-depths; these are probably due to the intrusion of Bering Sea

water.

The winter well mixed zone temperatures are generally 0.10 C cooler

than those of the fall. Supercooling in winter has been observed. The

spring hydrographic regime is similar to, but slightly warmer than, the

winter regime.

As freezing continues into winter the upper layer deepens to about

30 m and becomes more saline (greater than 31 0/oo). This increase in

salinity cannot be accounted for only by local freezing: a net influx

of salt is required.

The salinity distribution in the winter (except at Pt. Pitt) and in

spring shows a decrease in salinity with distance offshore. This is

opposite to the fall conditions in which there is an increase in salinity

offshore. Aagaard proposes three possible mechanisms to account for the

winter and spring hydrographic conditions across the shelf: free convec-

tion driven by relatively dense water high in the water column, forced

convection and mixing on the inner shelf with high salinity water of an

unknown origin, or baroclinic adjustment with the westward geostrophic

flow along the shelf.

Relative density currents have been estimated from dynamic topo-

graphies. In the fall the flow is eastward on the inner and mid-shelf

and westward on the outer shelf. In winter only the inner shelf has east-

ward currents and in spring westward currents occur at all shelf locations.
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Hydrographic sections in fall and winter were also made in 1976.

These consisted of two sets of sections widely separated with each set

having two parallel cruise tracks separated by 15 nm with the station

separation being 5 nm. The data taken in the fall are more similar to

the data taken in the previous winter than in the previous fall: the

very low near-surface salinities seen during the fall of 1975 are missing,

the stratification which was strong in 1975 is now weak, and instead of

the near-surface salinity increasing with distance offshore as in 1975,

it decreases. The westerly flow inferred from the density distribution

prevails throughout the shelf. At about 1/3 of the stations supercooling

(greater than 0.01°C) was observed.

In winter the isopleths were steeply inclined over the outer shelf

and slope. Atlantic water (usually found below 200 m over the slope)

was found on the shelf and the effects of the presence of this warm, saline

water were seen at all stations. No upwelling favorable winds were ob-

served whether during or immediately before this hydrosection.

For a number of the sections there is a change in the sign of the

geostrophic shear at the outer shelf approximately between 50 and 80 m.

This implies the possibility of a core of high speed westerly current at

this depth. This flow has an onshore component which could account for

the presence of the dense water on the shelf.

Three conclusions are drawn from these observations: (1) there is

a strong seasonal character to the hydrography on the continental shelf

of the Beaufort Sea, (2) there may also be interannual variations, and

(3) there are exchanges between shelf offshore waters.
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During three different periods (early and late summer 1972, and late

summer 1975) Barnes et al. (RU #205, April 1977) measured surface tempera-

ture, salinity and water clarity from Prudhoe Bay to Cape Halkett. The

surface water characteristics were different in each of the three periods.

However, one feature common to all three was the presence of relative

cold, saline water northwest of Oliktok Point. The differences between

1972 and 1975 conditions can probably be accounted for by the effect of

local winds. In 1972 the more normal conditions of easterly winds were

encountered. Westward surface drift and offshore ice drift resulted.

By late summer these conditions, along with the reduced river flow at that

time, allow upwelling to occur and oceanic waters to flow onshore and to

cause the maximum summer salinity. Westerly winds in 1975 kept the sea

ice close to shore and generated eastward surface flow off Oliktok Point.

The presence of the pack ice inshore impeded the offshore spread of river

flow and caused abnormally low September salinities.

CURRENT METER OBSERVATIONS

Three current meter records were successfully obtained from the

Beaufort Sea continental shelf by Aagaard and Haugen (RU #91, April 1977).

Two of the current meters were deployed in shallow water (less than 40 m

deep), 10 m below the ice off Narwhal Island. The period of this installa-

tion was from 28 March to 22 April 1976. The recorded speeds were small:

usually 5 cm/sec or slower and only occasionally as fast as 10 cm/sec when

there was appreciable ice movement. The mean motion over the record was

0.1 cm/sec towards 240°T for one of the meters and 0.3 cm/sec towards

248°T for the second. There are comparable amounts of energy in both the

diurnal and semi-diurnal bands: the tidal amplitude was about 1 cm/sec.

IX-54



The third current meter was moored at 100 m in 225 m depth on the

outher shelf, north of Oliktok. The currents were much stronger there:

the range of the east-west component of velocity was from 56 cm/sec east-

erly to 26 cm/sec westerly. The mean motion for the record length (95

days) was bathymetrically steered along the shelf edge at 13 cm/sec.

The tidal amplitude was 5 cm/sec and a diurnal inequality was present.

The current record was dominated by low frequency oscillations of a 10

day time scale and a peak to peak amplitude greater than 50 cm/sec.

Between these large, slow variations there were smaller (10 cm/sec ampli-

tude) oscillations with a shorter time scale (about 2 days). These os-

cillations also appeared to be aligned with the shelf edge.

"The implication of these measurements with respect to
the transport and dispersal of pollutants on the Beaufort Shelf
is that the ice-covered inner and outer shelves represent very
different advective regimes. Over the former, currents are
weak and net displacements are small. However, over the outer
shelf there are strong currents and pollutants can be trans-
ported very long distances (Aagaard and Haugen, RU #91, April
1977)."

Measurements of the near-bottom currents in Stefansson Sound were

made in late July through September 1976. Barnes et al. (RU #205, April

1977) moored an Aanderaa RCM-4 current meter at one meter above the

bottom and an Aanderaa water level gauge on the bottom. Winds and atmos-

pheric pressure and temperature and salinity were also recorded. The

currents were essentially parallel to the bathymetry; over the 52 day

record there was a net transport of 200 km to the northwest. The mean

current was 13 cm/sec and the maximum current was 53 cm/sec, "sufficient

to resuspend and transport coarse sand." Sea level changes lag changes

in atmospheric pressure and they seem to be influenced to a greater degree

by winds than directly by pressure. Eastward currents were associated
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with lowering sea level and more dense water. (There is a strong negative

correlation between temperature and salinity.) The authors propose a

"wildly speculative model" which is very similar to a simple, local wind

driven, geostrophic continental shelf current system proposed for other

continental shelves.

ICE TRANSPORT

Movement of Sea Ice

The dynamics of nearshore ice in the Beaufort and Chukchi Seas are

being studied in RU #98 (Untersteiner and Coon, April 1977). Data from

drifting buoys has been analyzed and has been used for input and verifi-

cation of the AIDJEX ice model.

Twenty buoys were employed (plus three manned ice stations) to obtain

ice trajectories. Four of the twenty buoys were outfitted to measure

relative ocean currents, air pressure, temperature and buoy heading. Data

was relayed to the NIMBUS VI satellite and position information was obtained

by satellite observed Doppler shifts. The buoys that did not have the

meteorological and oceanographic sampling packages were deployed from air-

craft. The success with this aspect of the program indicates that the

technology of air dropped drouges has been developed.

Current meter data from 2 m and 30 m below the ice was successfully

obtained from two of the four oceanographically equipped buoys. Samples

were taken every three hours: direction was recorded instantaneously and

speeds were averaged over a ten minute period. The data were low pass

filtered (with a 25 point Cosine-bell weighting scheme). In general the

currents at 2 m depth were similar to the observed ice motion. The

currents at 30 m were small in magnitude.
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Ice trajectory data were smoothed by application of a Kalman filter.

Trajectory information from five buoys (those on the northern and western

edges of the model area) were used as model inputs (along with wind and

geostrophic current information from long term dynamic topography).

Information from the other buoys and from the manned stations was used

to verify the model.

For summer conditions the distance over which stresses internal to

the ice field become negligible is less than 100 km. In other seasons,

with a larger and stronger ice pack, the distance is greater than 1000 km.

Thus for modeling summer conditions the ice trajectories can be computed

from wind conditions without consideration of internal stresses.

A simulation was run for the dates 27 January to 3 February 1976.

Examples of the comparison between the observed and modeled ice trajec-

tories are given in Figs. IX-4-1 and 2. The similarity is quite good.

There is a region of high shear near the coastline which was successfully

modeled. This region corresponds to the location of a satellite observed

flaw lead. Farther offshore the transition from westerly to easterly

flow is accurately simulated.

Although additional improvements are being made in the AIDJEX model,

the success of this simulation indicates that with high quality inputs

accurate ice trajectories can be generated. An improved understanding of

the large scale physical response of ice to driving forces and internal

stresses is a by-product of this modeling effort.

Oil-Sea Interaction

Sea ice is typically composed of combinations of the several different

crystalline ice structures which each interact differently with oil. The
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FIG. IX-4-1. Daily Averages of Data Buoy and Manned Camp Velocities. Scale vector
is 25 cm sec- 1 . The U.S. and Canadian coastline compares with the
model boundary (Untersteiner and Coon, RU #98, April 1977).
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FIG. IX-4-2. Modeled Ice Velocity Field with Yield Strength p* = 108 dyn cm-1
Scale vector is 25 cm sec- (Untersteiner and Coon, RU #98, April 1977).
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composite interactions of oil and sea ice thus depend on the type of ice

structure present as well as on environmental parameters such as tempera-

ture and salinity. In RU #87 (April 1977), Martin describes four, first-

year sea ice types and examines their interaction with experimental oil

spills.

In columnar ice, long, vertical, column-like crystals form with hori-

zontal c-axis. Above the columns are 10-20 mm of randomly oriented crystals

and below the columns are 10-40 mm of a porous, skeletal layer capable

of absorbing oil. During column ice formation, salt migrates both towards

the upper surface and towards the bottom. At the air-sea surface, the

salt collected in high salinity (45-95%) structures known as salt flowers.

Wind blowing on the water surface can prevent the formation of columnar

ice. Ice crystals (10-100 µ thick and 2-4 mm in diameter) form below the

water surface and float upwards. The result is a porous, random crystal-

line structure called frazil ice. Because of its shorter crystals, frazil

ice becomes slushy upon melting and can absorb oil.

Sea ice can form from the freezong of snow that has been blown onto

open water. In the observations made, this type of ice had the highest

surface salinity (greater than 70 o/oo).

A fourth type of ice can be formed from re-crystallized snow. Salt

soaked snow, with its depressed freezing point, can melt (by receiving

solar radiation) and then freeze by contact with the underlying ice.

The result is a hard, porous, saline layer of 10-30 mm thickness.

All four types discussed above share two features: a surface salinity

that is high relative to the interior values and the presence of porous

structures. The former is conductive to the formation of brine drainage

channels and the latter is conductive to the absorption of oil.
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During one phase of the NORCOR experiment (1975), normal Wells crude

oil was released under an area of first-year, columnar sea ice in a par-

tially enclosed bay on Cape Parry Peninsula, NWT, Canada. The oil flowed

into pools because of variations in the depth of the ice. Some of it

moved up into the skeletal layer (10-20 mm). Four small brine channels

provided further access, and the oil moved upward an additional 70-80 mm.

Ice continued to grow beneath the oil lens. Because of the greatly de-

creased thermal conductivity of oil compared to sea ice, this new ice

grew slowly which apparently did not allow oil to penetrate this new

growth. A volume concentration of oil of 5% was found in a 50 mm section

of ice directly above the oil lens.

In another experiment oil was spilled beneath a layer of sea ice

that was 1.95 m thick. Droplets of oil moved quickly up feeder channels

at the rate of approximately 4 cm/min; the first droplet appeared at the

air-ice surface after only 45 minutes. The spacing of the oil droplets

on the ice surface was consistent with previous observations of channel

separation (Lake and Lewis, 1970). The volume of oil relative to the

volume of the core (which was taken the day after the oil was spilled)

was 1.6%.

The diagram of a core is shown in Figure IX-4-3. This core was taken

approximately one month after a spill (12 April 1974) of Swan Hills

crude oil. The top 15 mm is almost oil free. Here solar radiation melted

the oiled snow thus releasing the oil. Later the melted snow refroze.

The next layer (15-80 mm) is probably a porous region of either refrozen

snow or oil soaked frazil ice. Oil is trapped as spherical bubbles within

this layer. From 80-180 mm the frazil ice has become oil-free during a
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FIG. IX-4-3. Photography by transmitted light (left) and explanatory diagram
(right) of a 20 mm thick segment of the upper part of an oil
impregnated core (Martin, RU #87, April 1977).
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warm period. Melt water replaced the oil, and the water subsequently re-

froze. In the fourth layer the oil present outlines the vertical, columnar

crystals. Although the thickness of each of the layers varied, most of

the cores pulled in May had the same pattern.

An oil spill was made on open water in November 1974. Blowing snow

mixed with the oil, but the effects of spring solar heating and subsequent

refreezing formed an oil-free ice layer above the oil.

Additional spills reconfirmed previously mentioned findings. Oil is

found as small droplets, sometimes size segregated with larger droplets

towards the bottom of the section. The depth of the core in which droplets

are found is approximately the same distance as the height of the freeboard

of the ice. Clear zones exist separating biled zones. These portions of

the core are cleared of oil by being flooded by melt water seeping down

into frazil ice. Ice forming beneath the lens of oil is oil-free.

The largest concentration of oil was found in large feeder channels

(5.5% by volume) in plane parallel crystals. It has been suggested that

the orientation of growing ice platelets might be controlled by tidal

currents (Campbell and Orange, 1974). Thus the presence of currents may

control the quantity of oil that can be absorbed by sea ice.

Oil spilled on top of the ice spread laterally both on and within

the ice. Effects of the oil on overlying snow were seen for snow thick-

nesses up to 30 cm: the color of the snow was a light yellow instead of

white, and the increased albedo caused the snow to melt and subside (some-

times it later refroze). The increased albedo also caused melt ponds to

form earlier on oiled surfaces than on unoiled surfaces.
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In the several experiments the concentration of spilled oil in sea

ice was between 1-5% by volume. This quantity of oil was contained in

several different ice structures and the oil would be released very slowly

throughout the melt season.

Estimates of the volume of oil that could be entrapped under ice due

to ice bottom topography were successfully made with dual antenna impulse

radar. Kovacs and Weeks estimate that 0.03 m3 of oil per m2 for first-

year ice and 0.3 m3/m2 for multiyear ice would be trapped.

SEDIMENT TRANSPORT

From an analysis of suspended particles in nearshore waters, Barnes

(RU #205, April 1977) is able to infer information on the nearshore

currents. The transported surface matter flows westward between Prudhoe

Bay and Cape Halkett in a narrow band. The concentration of particles

suggests that there is a well defined, narrow, nearshore current core

during the summer. There is no evidence for an eastward flow around

Oliktok Point. In winter there is apparently a sluggish transport:

optical transmission data indicate that only very fine particles (< 8 pm)

are in suspension and these have been observed only very close to the

bottom.
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Chapter IX-5

RECEPTORS

PLANKTON

No OCSEAP-sponsored studies of Beaufort Sea plankton were ongoing

during FY 1977. Broad et al. (RU #356, April 1977), studying the littoral

fauna, note that there are sometimes enormous numbers of patchily distri-

buted mysiids in the coastal shallows. Euphausiids are also present but

less abundant. In 1975, plankton sampling revealed great concentrations

of copepods, barnacle larvae, and chaetognaths, yet these were not en-

countered in 1976.

BENTHOS

Littoral Biota

Broad et al. (RU #356, April 1977) continued their reconnaissance

characterization of the littoral biota of the Beaufort Sea. Their study

sites are indicated in Fig. IX-5-1. The Beaufort shoreline is unconsoli-

dated and is comprised largely of pebble or sand and pebble beaches. The

sediments are finer in the river deltas and there are occasional concentra-

tions of boulders (Heald Point, Flaxman Island, Brownlow Point, Kangigivik

Point, and Demarcation Bay). There is virtually no shoal water or inter-

tidal attached macrobenthos, but there sometimes are large numbers of

smaller invertebrates (mainly annelid worms) in the bottom sediments, and

there are nearly always very large numbers of amphipods present everywhere.

At depths in excess of about 2 meters in the lagoons as well as along the

open coast, bivalves are common and polychaete worms are virtually ubiqui-

tous. Large isopods (Saduria sp.) are abundant and priapulids are common.
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FIG. IX-5-1. Beaufort Sea, approximate locations of littoral biota reconnaissance sites. Open circles indicate sites
where extensive sampling occurred (Broad et al., RU #356, April 1977).



Benthos samples, however, indicate that other organisms, including gastro-

pods, are not abundant in the Beaufort Sea littoral zone (Broad et al.,

RU #356, September 1976).

A reasonably complete species list of the benthic fauna of the near-

shore water of the Beaufort Sea has been established and ten species have

been identified as the most abundant or characteristic ones. These charac-

teristic species, not listed in order of importance, are:

Polychaetes
Scolocolepides arcticus

Oligochaetes
Enchytraeidae, unidentified

Bivalves
Cyrtodaria kurriana

Crustaceans
Mysis relicta (mysiid)
Saduria entomon (isopod)
Gammarus setosa (amphipod)
Onisimus glacialis (amphipod)
Onisimus litoralis (amphipod)

Insects
Paraclunio alaskinsis (chironomid)

Fish
Myoxocephalus quadricornis (four-horned sculpin)

Enchytraeids and Paraclunio alaskinsis, both among the most abundant animals

of the area sampled, are found almost exclusively in depths of water of

less than 1 meter. Scolocolepides arcticus occurs most often in water

deeper than 1 meter and is absent from our shallow water samples at loca-

tions north of 70030'N. The remaining characteristic species are all highly

motile and probably move into the fast ice zone as the ice melts in the

early summer.
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There is an increase in the benthic diversity with depth of water.

This probably is related to the depth at which ice freezes, and the major

discontinuity may occur at a depth of about 2 meters (the latter conclusion

is preliminary). The data further show a general decline in species

diversity and biomass in the shallow water samples at the most northern

(and most western) part of the Beaufort Sea. It is important to stress

that sample analysis has not yet been completed, thus some changes in the

data can be expected.

Broad et al. (RU #356, September 1976) believe that the Arctic littoral

ecosystem receives significant contributions from terrestrial vegetation

of beaches and tundra banks and, hence, is inseparable from it. Periodic,

wind-induced fluctuations in local sea level result in inundation of the

low-lying coast. The plant communities in these marshy areas are thus

affected by the sea. Erosion of shorelines occurs mainly at the time of

wind-induced high water and contributes significant amounts of terrestrial

peat -- a potential source of energy -- to the coastal shallows. The degree

to which the Arctic littoral is a detritus-based ecosystem deserves further

study.

The beach plants of the Beaufort Sea region comprise a community of

low diversity and remarkable uniformity. The grass, Puccinellia phryganodes,

is found at all stations sampled and the sedge, Carex subspathacea, at 92%

of them. The grass, Dupontia fischeri, is characteristic of Beaufort Sea

arctic beaches as are Stellaria humifusa (Charyophyllaceae) and chochlearia

officinalis (Cruciferae). These five species, in fact, occur on 70% of all

beaches sampled. Two more species, Carex aquatalis, and Eriophorum

angustifolium, cotton grass (a sedge), are found on half (46%) of Beaufort
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Sea beaches with the five most abundant plants comprise a fairly

characteristic beach flora. Data on plant diversity show that the most

diverse plant communities occur in mainland marshes while the least diverse

occur in river deltas or low barrier islands.

Tests begun in 1976 have demonstrated an increase in soil strength

(resistance to penetration and to shear forces) as a result of colonizing

vegetation. In most situations, Puccinellia phryganodes is the first and

lowest number of the incipient salt marsh (or beach community), followed

by Carex subspathacea and a mixed community dominated by Dupontia fischeri.

This zonation (or succession) accompanies the general rise of level and

increase of organic content of the soil. On the average, plants increased

resistance to penetration by 70% and tripled the breaking strength. The

natural beach vegetation, therefore, probably contributes significantly to

stability of beaches and barrier islands as well as providing food for

migratory waterfowl, particularly geese (Broad et al., RU #356, April 1977).

Feeding Biology

Beaufort Sea littoral flora and fauna are both poor in diversity and

biomass of standing crops, two traits of ecological fragility elsewhere.

The close inshore region, however, supports, during the brief ice-free

summer, large populations of anadromous fishes and migratory shorebirds

and waterfowl. Dynamics of the populations of nearshore aquatic animals

and general trophic relationships within the area are poorly known.

Beach vegetation is important as food for waterfowl. There are un-

expected and previously unreported populations of oligochaete and polychaete

worms and large numbers of isopods and amphipods. At least the latter are

an important source of food of local fish species. The polychaetes and
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oligochaetes probably are deposit or detritus feeders; Cyrtodaria is a

suspension feeder. Mysis probably is a suspension feeder. The remaining

crustaceans are scavengers or predators (at least, are readily attracted

to baited traps), and the sculpin is a predator, probably largely on the

crustaceans. The relationship between the smaller crustaceans and the

deposit or suspension feeders is unknown, but the quantity of worms in

the samples argues for their having an important trophic role.

Benthic Biota

January 1977 saw completion of Carey's summarization of existing litera-

ture and unpublished data on the distribution, abundance and life histories

of benthic organisms from the Beaufort Sea (Carey, RU #7, Final Report 1977).

The report, totaling 789 pages, is divided into four volumes:

I. A narrative which summarizes the present state of know-
ledge of the structure and composition of benthic
communities living on the Beaufort Sea continental shelf.

II. A list which summarizes from published and unpublished
literature the benthic invertebrate species reported
from the Beaufort Sea.

III. An atlas of distribution charts summarizing the distri-
butions of selected benthic organisms reported by investi-
gators recently active in the Beaufort Sea [(A) Annelids,
(B) Arthropods, and (C) Echinoderms and Molluscs].

IV. An annotated bibliography summarizing the existing scien-
tific literature on the Beaufort Sea benthos [(A) Biblio-
graphic index, and (B) Annotated bibliography].

Carey's abstract from the narrative volume is reproduced below:

"Quantitative benthic sampling has only recently been
initiated across the Beaufort Sea continental shelf. Initial
results outline a diverse benthic fauna occurring in overlapping
bands which tend to follow the depth contours. Highs in bio-
mass and numerical abundance are reported from the outer shelf
below the area subject to impinging ice and dilution effects,
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and from the very shallow protected bays near the mouth of the
Mackenzie River. Continued work is indicated to adequately
describe the benthic fauna, and particularly the infaunal
organisms smaller than 1.00 mm. Basic information is needed
on the metabolism and reproductive rates of the bottom-dwelling
invertebrates. An understanding of the dynamics of the benthic
ecosystem is necessary to predict the ultimate impact of a
developing petroleum industry in the region (Carey, RU #7, Final
Report 1977)."

An example of quantitative data describing Beaufort Shelf benthos

(a comparison of macrofaunal and meiofaunal densities from grab samples

collected off Prudhoe Bay in 1971) is shown in Table IX-5-1.

Distributional data, from all available sources, for some 30 relatively

common and widespread species were examined by cluster analysis. Clustering

generated four groups of stations (Fig. IX-5-2, labelled A through D).

In general, these groups occur in bands with east-west axes, and are distri-

buted with depth across the continental shelf as a nearshore group (B),

and a midshelf group (A), with an intermediate group (C) in between.

Group D is confined to the western portion of the study area and appears

analogous to Group A. An additional group is formed of the deeper stations

down the continental slope which were excluded from the analysis.

Clustering of the 30 benthic invertebrate species yielded five species

groups (Table IX-5-2). The species groupings indicate that the southwestern

continental shelf can be divided into a western area of interest off the

Colville River, and an eastern region. The only species found with any

regularity near the Colville River were those cosmopolitan species in

Group I and the organisms of Group V. To the east, the region is again

divisible into shallower and deeper benthic fauna. Representatives of

species Groups III and IV are found in the nearshore area, but species in

Group V are completely absent. The stations on the deeper shelf have a
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TABLE IX-5-1

Comparison of the total animal densities recorded from the macrofaunal (>1.00 mm) and meiofaunal(0.42 - 1.00 mm) fractions of grabs taken off Prudhoe Bay in 1971 (Carey, RU #7, Final Report, 1977)



FIG. IX-5-2. Distribution of the stations grouped in a cluster analysis across the Beaufort shelf. Dots
represent stations which were excluded from the analysis (Carey, RU #7, Final Report, 1977).



TABLE IX-5-2

Benthic invertebrate species from the southwestern Beaufort Sea
continental shelf which tend to group together using a statisti-
cal clustering technique. A=Amphipoda; B=Bivalvia; C=Cumacea
(Carey, RU #7, Final Report, 1977)
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more cosmopolitan composition, and include representatives from Groups I,

II, III, and V (Carey, RU #7, Final Report 1977).

Carey (RU #6, April 1977) also continued his studies of the distribu-

tion, abundance, diversity and productivity of the western Beaufort Sea

benthos. Over two hundred grab samples have been collected during six

OCS field trips. The major sampling effort was directed toward obtaining

a complete set of seasonal samples from the Pitt Point stations between

25 and 100 meters. Sample picking and sorting, as well as subsequent

determinations of animal density and biomass, have been completed for all

samples collected through OCS-4. Detailed data for individual grab samples

have been reported in previous quarterly reports.

The amount of data presently available make any conclusions rather

tenuous, but there are two significant trends in the data sets:

1. Benthic infaunal populations of the Beaufort Sea conti-
nental shelf show little evidence of strong seasonal fluc-
tuations in abundance. In fact, temporal variability
seems much less than spatial variability.

2. The gammarid amphipod fauna of the Beaufort Sea conti-
nental shelf shows clear depth zonation, with inner-,
mid-, and outer-shelf assemblages being identifiable.
This is in general agreement with the scheme developed
from previously unpublished data, outlined above.
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FISH

Bendock (RU #233, April 1977) reported the catch of seven families

and 15 species during a two year survey of the nearshore and estuarine

fish of the Beaufort Sea. Seven of the species collected belong to the

family Salmonidae; whereas, the other eight taxa were evenly distributed

between the Asminidae, Gadidae, Cathidae, Pleuronectidae, Gasterosteidae,

and Liparidae.

Distributional studies (Bendock, RU #233, April 1977) indicate that

larval stages of Arctic cod (Boreogadus saida), capelin (Mallotus villosus),

and snailfish (Liparus sp.) dominated the bottom trawls in the offshore

areas of Prudhoe Bay. Least cisco (Coregonus sardinella) occurred most

frequently at nearshore sampling stations; adult humpback whitefish (c.

pidschian) were taken only along mainland beaches between the Colville and

Sagavanirktok Rivers. Broad whitefish (C. nasus) were infrequently caught

east of Bullen Point; this species was most abundant in the delta areas

of the Colville and Sagavanirktok Rivers. Arctic char (Salvelinus alpinus),

Arctic cod (c. autwnnalis), and least cisco were common along both the

mainland and barrier island areas.

Of the anadromous species frequenting the study area, Arctic char

(Salvelinus alpinus) were the most widely distributed, occurring at 75% of

the gill net stations. Arctic cisco and least cisco occurred in 59 and

44% of gill net samples, respectively. Least cisco, however, were the

most abundant anadromous species, followed by Arctic char and Arctic cisco.

Arctic cod and fourhorn sculpin (Myoxocephalus quadricornis) marine

species, were the most abundant of all fish caught, accounting for 48% of

the total catch.
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During winter, bottom fast ice precludes the presence of fish in the

area between the mainland and barrier islands. Pockets of hypersensitive

saline water appear least suitable as overwintering habitat for marine

species (Bendock, RU #233, April 1977). Anadromous species move into

freshwater streams prior to freeze-up and overwinter in the deeper under-

ice pools. These pools serve as winter refuges for all age classes of

both resident and anadromous species and provide incubation areas for

winter spawners, e.g., whitefish. Bendock found that the number of these

pools is limited and each one investigated contained fish.

Migratory activities into the area begin shortly after break-up.

Arctic char and broad whitefish were the first anadromous species caught

in June; fourhorn sculpin was the first marine species to appear, only a

few days after the anadromous species. Abundance in both numbers of indi-

viduals and species steadily increased, with peak abundance during the

first week in August. After that, the percentage of older and larger

fish decreased markedly and remained low during the remainder of the study

(ending in late September). This decrease corresponds with the known

spawning migrations into freshwater systems. Overwintering migrations by

immature fish begin shortly after the spawning run. Only immature Arctic

char, least cisco, and Arctic cisco were caught in the marine environment

until freeze-up. Of the marine species, only Arctic cod and snailfish were

caught between the mainland and barrier islands after 1 September.

Morrow (RU #348, April 1977) has completed a partially annotated bibli-

ography on the fish of the Beaufort Sea. Morrow reports that 499 referen-

ces have been catalogued. Included in the bibliography are all references

found on fish of the Beaufort Sea and adjacent areas. Literature sources

from Russian authors pertaining to fish of the Russian Beaufort Sea have

also been included.
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BIRDS

Studies in the Beaufort Sea included aerial studies of the distribu-

tion of marine birds (Harrison, RU #337, April 1977), shipboard studies

of birds associated with the pack ice (Divoky, RU #196, April 1977), and

studies on the dependence of shorebirds on littoral habitats in the Point

Barrow area (Connors and Risebrough, RU #172, April 1977).

Aerial Surveys of Marine Birds

Harrison (RU #337, April 1977) mapped the distribution of seabirds

based on 253 quadrat samples in July 1975 and 206 in August 1976. In

the August surveys 22 taxa were seen: oldsquaws (3.4 birds/km2) and eiders

(2.8 birds/km2) were the commonest species; densities of all other species

were 0.4 birds/km2 or less.

Few birds were associated with the pack ice, most being observed in

open water situations within 5 miles of shore. The distribution of the

dominant species varied from month to month. Oldsquaws were widely

scattered (up to 160 km from shore) in July, but were concentrated nearshore

in August. Eider populations increased between July and August, as post-

breeding birds left the tundra for the open sea. Phalaropes were not seen

in July, but large numbers occurred in August, as juveniles began to leave

in land breeding areas. In the event of pollution, oldsquaws, loons, and

eiders would be the species most severely affected.

Birds of the Pack Ice

The Beaufort Sea is ice-covered for most of the year; depending on

local conditions, open water is found near the coast from June through

October. Because of the long periods of ice cover, and the subsequent
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stability of the water column, this sea is relatively unproductive. Yet,

several species of birds are adapted to life in the pack ice.

Divoky (RU #196, April 1977) conducted ship-based studies in the

Beaufort Sea in August 1975 and from late July to mid-September 1976.

At this season, the edge of the pack is relatively unimportant to birdlife,

as most of the species tend to feed in open waters nearshore. Studies in

the ice, made from the GLacier in August 1976, showed that bird densities

were highest in ice of 1-2 oktas, with red phalaropes (75%), arctic terns

(13%), and oldsquaws (7%) predominating. Few birds were seen in areas of

heavier ice. In open water areas red phalaropes made up 80% of the birds

seen. Comparative studies, made nearer shore aboard the Aluniak, revealed

that densities averaged higher in ice than in open water. In ice of 1-2

oktas, oldsquaws (37%), eiders (27%), and red phalaropes made up the bulk

of the avifauna; oldsquaws (82%) also predominated in open water.

In September transects within the ice, the following species pre-

dominated:

1-2 oktas red phalarope (46%), oldsquaw (14%), glaucous gull (14%)

3-4 oktas oldsquaw (80%)

5-6 oktas loons (81%)

7-8 oktas no birds seen

open water red phalaropes (50%), oldsquaw (25%)

Feeding studies were not completed at the time of this report, but

arctic cod seem to be important prey for many species. Oldsquaws were

found to feed on mysids and amphipods.

In general, oldsquaws, eiders, and phalaropes were found to be the

most abundant species occurring in the Beaufort Sea in late summer.
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Oldsquaws and phalaropes feed there prior to migrating, whereas eiders

tend to migrate along shore.

Shorebird Dependence on Littoral Habitats at Point Barrow

Shorebirds are a major component of the arctic avifauna. Their use

of tundra habitats during the breeding season has been well studied, but

the degree to which they depend upon littoral habitats in the breeding and

post-breeding periods has received little attention.

Connors and Risebrough (RU #172, April 1977) made transects in a

variety of littoral and tundra habitats in the Point Barrow region to deter-

mine seasonal patterns of utilization. Some species, such as the Golden

Plover confine their activities almost exclusively to tundra areas, whereas

others (semipalmated sandpiper) rely on resources of the littoral zone

for most of the summer. The red phalarope shows a complex pattern: adult

females use tundra habitats almost exclusively during their short stay

in the arctic; adult males remain on the tundra until after the chicks

fledge in mid-July, then move directly to coastal sites; most juveniles

move to the coast after fledging and remain there until migrating in late

autumn. The dependence of individual species on coastal versus inland

localities bears heavily on their ultimate susceptibility to pollution

effects.

The Trophic Relationship of Shorebird Species

Detailed studies of feeding habits of birds in coastal vs inshore (pools,

lagoons) areas revealed that large marine zooplankton predominated in the

diets of coastal birds, whereas oligochaetes and larval and adult chironomid

flies predominated in the diets of birds in brackish and fresh water habitats.
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Birds also tended to feed on the largest available prey, thus maxi-

mizing their feeding efficiency. As expected, the diets of individual

species shifted with changes in habitat utilization. More interesting,

however, was the demonstration of wide overlap in the diets of widely

differing species that foraged together (Table IX-5-3). This suggests

that the birds were feeding opportunistically and were not limited by

food availability.

Diets of red phalaropes feeding in coastal situations differed in

1975 and 1976. Inasmuch as environmental conditions may shift markedly

from year to year at high latitudes, arctic birds would be expected to

exercise opportunistic and labile feeding behaviors to cope with these

changes. The trophic data support this suggestion.

Using factor analysis, Connors and Risebrough (RU #172, April 1977)

evaluated variables affecting the distribution of individual species.

Water depth, particle size of the substrate and distribution of algae or

vascular plants, were the most important factors determining microhabitat

preference. Long-billed dowitchers, for example, were in substrates of

fine mud and among vegetation. With this information Connors and Risebrough

were able to predict the relative susceptibility of each species to dis-

turbance in the littoral zone (Table IX-5-4).

Because red phalaropes are dominant components of the Barrow avifauna,

and because of their high dependence upon littoral habitats, this species

received intensive study. A color-marking program, initiated to determine

how long juveniles remain in coastal areas, indicated that most remain for

about 4 days before disappearing. This high turnover pattern has two

possible implications for oil development: (1) it may reduce the
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TABLE IX-5-3

Beaufort Sea: Bird Species Utilizing the Same Prey Resource at the Same Time and Place
(Connors and Risebrough, RU #172, April 1977)

TABLE IX-5-4

Beaufort Sea: Relative Susceptibility of Shorebirds to Littoral Zone Disturbances
(Connors and Risebrough, RU #172, April 1977)
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susceptibility of individual birds to contamination, or (2) it may increase

the probability that large numbers of birds migrating along the coast will

encounter areas of pollution. Certainly, all areas are not equally attrac-

tive to phalaropes, as shown by aerial surveys in August, and defining

feeding areas is an important part of this study.

Local food resources are often important with regard to migratory

patterns. Studies of fat deposition did not indicate that most Barrow

shorebirds laid on substantial energy reserves prior to leaving the area.

The red phalarope, which is among the latest species to migrate, may be

an exception, but the data are equivocal.
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MAMMALS

Five research programs dealing mainly, or in part, with marine mammals

in the Beaufort Sea were supported by the OCSEAP program in FY 77. They

include: an annotated bibliography of marine mammals in Alaska (Severinghaus

and Nerini, RU #67/70, December 1976), the relationships of marine mammal

distributions, densities and activities to sea ice conditions (Burns,

Shapiro and Fay, RU #248, April 1977), studies of bowhead and belukha

whales in the Beaufort, Bering and Chukchi Seas (Braham, Krogman and Fiscus,

RU #69, April 1977), trophic relationships among ice-inhabiting phocid

seals (Lowry, Frost and Burns, RU #232, December 1976), and studies of

the natural history and ecology of bearded and ringed seals (Burns and Eley,

RU #230, April 1977).

Annotated Bibliography of Marine Mammals in Alaska

Severinghaus and Nerini (RU #67/70, December 1976) have compiled an

annotated bibliography of published and unpublished materials dealing with

marine mammals in Alaska. The bibliography is presented in alphabetical

order by author, but is not subdivided by topic or geographic area within

Alaska. It has been distributed as a Northwest and Alaska Fisheries Center

Processed Report (January 1977, 125 pp.)

Marine Mammal Distribution in Relation to Sea Ice Conditions

The distribution and configuration of sea ice is a critical parameter

in the biology of at least 8 species of ice-inhabiting arctic mammals.

Indeed, "for some species of marine mammals, the nature of the ice may be

as important in habitat selection as are terrain, soil type, and vegetation

to terrestrial animals." Using satellite imagery to provide a broad view
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of sea ice conditions, Burns, S' piro and ray (RU #248, April 1977) have

been able to categorize and dccument the distribution and nature of sea

ice in the Bering, Chukchi and Beaufort Seas from 1974 to 1976. At present,

their analysis of marine mammal distribution with respect to ice conditions

has been completed for only one species, the Pacific walrus. Since that

species is uncommon in the Beaufort Sea, the results of their analysis will

be presented elsewhere (section on Chukchi Sea). Research in progress

involving aerial surveys of ringed seal populations in relation to the

ice pack in the Beaufort Sea is currently being analyzed (see RU #232, below).

The relevance of these studies to oil development lies in the fact

that many species of marine mammals require areas of ice to carry out essen-

tial biological functions (mating, lairing, resting). And at certain periods,

as during the molt, they may be highly susceptible to oiling or other pro-

cesses that may lower or destroy thermoregulatory ability. Understanding

how ice conditions are related to these aspects of the life history is

essential to any management program.

Studies of Bowhead and Belukha Whales

Although bowhead and belukha whales are of great intrinsic interest

and comprise an important resource to native peoples in northern Alaska,

detailed information on their basic biology, population sizes, and migra-

tion routes is sparse. Braham, Krogman and Fiscus (RU #69, April 1977)

have summarized information on the status of these whales in the Bering,

Chukchi and Beaufort Seas. This information is available in a separate

report (Northwest and Alaska Fisheries Center Processed Report, May 1977),

which is based on the present research.

IX-85



To obtain information on population sizes and migrations, Braham et al,

conducted aerial surveys of cetaceans migrating within 50 km of shore from

the northern Bering Sea to the Alaska-Canada border. In 1976, surveys were

conducted in the Barrow-Wainwright area (25 April-20 June). In addition,

two ice-based camps were established near Point Barrow to permit continuous

censuses of whales migrating through nearshore leads.

Bowheads appear in the Beaufort Sea in late April. In 1976, the first

whale was seen on 25 April, and the bulk of the migrants (54%) passed

through in the period 9-18 May. Migration was completed by 5 June, except

for a straggler seen on 20 June. The migration was not continuous but

occurred in "pulses," apparently necessitated by the availability of leads.

Earlier authors had suggested that young animals migrate in advance of the

adults, but the present study did not obtain any size data that might per-

tain to that possibility.

During these surveys, 364 bowheads were censused from the ice camps,

and 108 from the air (Fig. IX-5-3). The data are inadequate to permit

any estimates of population size. Previous estimates give the current popu-

lation as a few hundred animals, down from an estimated 50,000 in the late

1880s.

It had been thought that bowheads, after passing Barrow, move eastward

along the north coast of Alaska, to the vicinity of Banks Island, where

they summer. Braham et al., however, suggest that at least part of the

population moves northward into the pack ice, before moving eastward to

the Banks Island area. Subsequently, in late summer these whales move to

the north coast of Alaska, then proceed westward through the Beaufort Sea,

concentrating in the Point Barrow area in the period 10-25 September.
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FIG. IX-5- 3. Spring 1976 aerial survey sightings of bowhead (top) and belukha whales
(bottom) along the northwest coast of Alaska. Dashed line represents
the maximum extent of offshore surveys (from Braham and Krogman,
Northwest and Alaska Fisheries Center Processed Report, May 1977).
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They depart by early October, and begin to move into the Chukchi and Bering

Seas, as far south as Bristol Bay. Recent evidence, provided by Russian

scientists, suggests that a large part of the population may move to the

Siberian coast before turning southward. The migration route hypothesized

by Braham et al. is shown in Figure IX-5-4.

During this study, apparent copulatory behavior and a female with

a small calf were seen near Barrow in May. This is the first evidence of

mating or calving activity in the area.

The area between Smith Bay and Point Barrow is apparently important

for bowheads in fall (Fig. IX-5-5), and should be set aside as a critical

habitat pending further studies of its importance. Because of the bowheads'

propensity to congregate there in fall, and to concentrate in leads in spring,

they seem especially susceptible to the effect of local oil pollution, and

these aspects of their biology must be given strong consideration in future

planning.

Fewer data are available for belukhas. Reportedly this species main-

tains two "resident" populations in Alaska (Cook Inlet, 300-400 and Bristol

Bay, 1,000-1,500). Like bowheads, belukhas follow leads in the ice, arriving

in the Beaufort Sea in late April. Aerial surveys counted 1,020 animals, and

ice-based surveys 309. Aerial surveys were considered much more efficient,

but the data do not allow any extrapolation of population sizes.

The fate of belukhas passing Point Barrow is unknown. By mid-June

belukhas appear in the eastern Beaufort Sea and Banks Island area, where

they feed on fish in the rivers and estuaries. Over 5,000 have been reported

in the mouth of the Mackenzie River alone. The presumption has been that

Alaskan populations move eastward along the coast. Yet, there seem to be
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FIG. IX-5- 4. Proposed migration pattern of the bowhead whale, Balaena mysticetue,
in the Bering Sea and the Arctic Ocean. Northerly directed arrows
depict the March to June migration and southerly directed arrows
depict the September to December migration. Shaded areas are
where data are available from historical accounts or from recent
sightings (Braham and Krogman, Northwest and Alaska Fisheries
Center Processed Report, May 1977).
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FIG. IX-5- 5. Area map of the northwest coast of Alaska depicting the region where bowhead whales
are concentrated during the fall. Darkened areas are areas of highest density; hatched
areas, where animals are less dense. Movement into and out of this region remains
unclear (Braham and Krogman, Northwest and Alaska Fisheries Center Processed Report,
May 1977).



few data indicating the presence of significant numbers of belukhas in

the Beaufort Sea in summer or autumn. As numbers found in the Mackenzie

area are sharply higher than population estimates from Alaska, or than

numbers sighted at Barrow in spring, there seems a strong possibility

that belukhas in the Alaska-Canada border area are derived from Canadian

stocks.

Biology of Ringed and Bearded Seals

Ringed and bearded seals are major components of the marine mammal

fauna of the Bering, Chukchi and Beaufort Seas. This study was undertaken

to gather basic biological data on the two species. Much of research per-

tains to the Chukchi Sea area and is reviewed in that section of this report.

Aerial surveys of the Beaufort Sea in June determined ringed seal

densities ranging from 0.4-1.4 animals/mi2 (Table IX-5-5). These densities,

much lower than those recorded in the Chukchi Sea, are attributed to the

less stable sea ice conditions and the lower productivity of the Beaufort.

By combining density data with satellite information on ice distribution

(see Burns, Shapiro and Fay, RU #248/249, April 1977) it should be possible

to determine the size of ringed seal populations in this area.

Few data could be obtained on bearded seals. The unavailability of

specimens was the major problem precluding studies of seasonal or geographic

variation in population size or ecology. The winter density of this species

3in the Beaufort Sea averages 0.1/mi . Bearded seals occur mainly in the

flaw zone and avoid the fast ice preferred by ringed seals. The feeding

habits of this species in the Beaufort Sea remain unknown (see also Lowry,

Frost and Burns, RU #232, December 1976).
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TABLE IX-5-5

2Ringed Seal Densities in the Beaufort Sea (observed seals/mi ) Calculated
from 1970, 1975 and 1976 Surveys (Burns and Eley, RU #230, April 1977)
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Trophic Relationships of Phocid Seals

Little of the information available on ringed and bearded seals per-

tains directly to their ecological requirements in the Beaufort Sea.

Lowry, Frot and Burns (RU #232, December 1976) attempted to clarify their

feeding habits in that area through analysis of stomach contents. Samples

from 21 ringed and 3 bearded seals provide the basis for their report.

The ringed seals had fed mainly on invertebrates with euphausiids

predominating; amphipods and shrimp were taken in smaller quantities, and

fish made up only a small fraction (0-13%) of the diet. These results

largely conform to those of previous studies in other areas which showed

that ringed seals feed mostly on nektonic crustaceans and small to medium-

sized schooling fishes.

Because of the difficulty in obtaining specimens, Lowry et al. were

unable to study possible seasonal variation in feeding habits. They sug-

gested, however, that the importance of prey species probably varies through

the year in relation to population size and spawning periods. Thus, euphau-

siids seem to be important in late summer, Polar cod in winter (when seals

forage in offshore areas), and capelin in early summer.

The food web of the ringed seal is presented in Fig. IX-5-6(A). Note

the importance of nektonic crustaceans, primarily euphausiids, in the system;

they not only provide direct food resources to the seals, but are also

primary foods for Polar cod and capelin.

Competitive interactions with other marine mammals are considered

slight. Spotted seals and belukhas occur in the area from late spring to

fall, but remain in nearshore localities. Bowhead whales are potentially

more serious competitors (two taken at Barrow had fed mostly on euphausiids
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FIG. IX-5- 6 Schematic food web of ringed seals (A) and bearded seals (B) in the Beaufort Sea (Low, Frost, and
Burns, RU #233, December 1976).



and lesser amounts of gammarid and hyperiid amphipods, and mysids), but

their distribution in the Beaufort Sea is local and seasonal, and their

numbers are low.

Ringed seal populations overwintering in the Beaufort Sea are low

and seem to have declined in recent years in response to heavy ice condi-

tions (see also Burns, Shapiro and Fay, RU #248/249, April 1977; and Lowry,

Frost and Burns, RU #232, December 1976).

Only 3 bearded seals were examined: one collected in July had fed

entirely on shrimp; one taken in August had fed mainly (83%) on isopods,

with fish comprising the remainder; and one taken in November had fed on

invertebrates (64%) (mainly amphipods) and fish (mostly saffron cod).

Elsewhere in Alaska, bearded seals feed on a wide diversity of benthic

prey. Bivalve moll uscs (mainly S-•e'zrpes roenla.dir••';u and cl'inocardiw

ciliat/•n), crangonid shrimp, and benthic fishes make up the most important

components of the diet (Fig. IX-5-6). The distribution and abundance of

these prey items in the Beaufort Sea is not known, although the molluscs,

at least, appear to be uncommon. Thus, regional variations in diet are

to be expected. Analysis of seasonal variations in diets in the Beaufort

Sea is precluded by the limited material at hand. However, bearded seals

are rarely found on landfast ice because of the narrow continental shelf

in the western Beaufort Sea and the relatively shallow depth at which this

species feeds (< 100 m), preferred foraging habitat in winter is limited.

The authors hypothesize that Polar cod may be an important food source

at this season.
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Lowry et al. consider the possible effects of oil pollution on the

ecology of Beaufort Sea mammals. They note that productivity is confined

to a short period in summer and that algae form the basis for all food

chains (Fig. IX-5-7). Oil spilled in the sea would tend to accumulate under

ice, decrease light penetration, and consequently inhibit algae growth.

Because the food chain is short, dramatic effects might occur especially

on ringed seals (Fig. IX-5-7a), in a short time. Possible direct effects

of pollutants on amphipods and euphausiids remain to be determined. The

authors emphasize that current studies on the effects of petrochemicals

on marine organisms involve very few species that are important in the food

webs of marine mammals in the Beaufort Sea. Without such information, it

is difficult to make valid predictions.
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FIG. iX-5- 7. Trophic webs for energy inputs resulting from (a) under ice algae; (b) planktonic algae;and (c) benthic algae and detritus (Lowry, Frost, Burns, RU #232, December 1976).



MICROBIOLOGY

(See the NEGOA section of this report for introductory comments.)

Direct enumeration of heterotrophs in water samples indicate that

August concentrations are markedly higher than in April (Morita and

Griffiths, RU #190-E, April 1977; Atlas and Kaneko, RU #29, April 1977).

Morita and Griffiths reported that the average number of organisms in

April was 1.5 x 105 cells/ml and ranged from 0.8 x 105 to 2.7 x 105

cells/ml. Counts reported by Atlas and Kameko were comparable, different

enumeration techniques accounting for most of the variability. During

the summer the average number of cells increased to 3.7 x 105 cells/ml

5 5and ranged from 1.6 x 10 to 6.1 x 10 cells/ml.

The total number of heterotrophs in the sediment was also measurably

higher in summer 1976 than in spring 1976. The number of microorganisms

in both April and August 1976 were higher than summer 1975 populations.

April populations averaged 1.0 x 109 cells/g dry sediment and ranged from

0.5 x 108 to 1.9 x 109 cells/g dry sediment; however, the August abundance

averaged 10.6 x 109 cells/g dry sediment and the extremes were 2.4 x 109

and 26.7 x 109 cells/g dry sediment.

Populations of heterotrophs in ice were comparable to levels enumerated

in water samples. The average total number of microorganisms was 1.0 x 105

cells/ml and ranged from 4.6 x 104 to 1.9 x 105 cells/ml.

Viable heterotroph counts, as determined from cultures on marine agar,

were higher in surface waters during August 1976 than during the previous

August (Atlas and Kaneko, RU #29, April 1977). Viable numbers in April

averaged 6.2 x 102 cells/ml at 4°C and 2.6 x 103 cells/mi at 20°C; mean

counts during August 1976 were 5.0 x 104 cells/mi at 4°C and 4.4 x 106
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cells/ml at 20°C. Atlas and Kaneka also report that significant spatial

variability was observable in the areal distribution of heterotrophs in

August 1975. No such variability was observed in August 1976; however,

in April the highest concentrations enumerated were in samples collected

within Elson Lagoon.

In April viable counts in the sediment averaged 2.4 x 105 cells/g

dry sediment at 4°C and 6.9 x 104 cells/g dry sediment at 20°C; the mean

population during August 1976 was 8.5 x 106 cells/g dry sediment at 4°C

and 1.0 x 107 cells/g dry sediment at 200C. The number of viable hetero-

trophs was higher during August 1976 than during the previous April or

August. No significant spatial variability was observed in the areal

distribution of heterotrophs in the sediment.

Although the concentration of total heterotrophs was comparable in

water and ice, the viable population in ice was markedly less than in

the water. Viable populations within the ice averaged 63 cells/ml at 40 C

and 190 cells/ml at 20°C.

Vibrio spp. were in relatively low abundance in both water and ice

samples. The average concentration in water during April was 42 cells/

50 ml at 4°C and 28 cells/50 ml at 20°C. The mean Vibrio spp. counts in

August water samples incubated at 4° and 20°C were 3.8 and 6 cells/ 50 ml,

respectively. Vibrio spp. numbers in ice averaged 150 and 8.1 cells/50 ml,

incubated at 4° and 20°C, respectively. The concentration of vibrio spp.

in Beaufort Sea sediments during April averaged 1.5 x 104 cells/g dry

sediment at 4°C and 3.5 x 103 cells/g dry sediment at 20°C. In August the

average populations enumerated and incubated at 40 and 20°C were 8.4 x 104

and 1.6 x 104 cells/g dry sediment, respectively.
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The areal distribution of Vibrio spp. in water was generally higher

near Pt. Barrow and decreased towards Prudhoe Bay. In the sediment, the

abundance increased offshore and decreased from Prudhoe Bay to Pt. Barrow.

Atlas and Kaneko (RU #29, April 1977) also enumerated the hydrocarbon

degraders. During April the concentration of oil degraders in water was

low, averaging 0.33 cells/ml at 4°C and 1.3 cells/ml at 20°C. August

population levels were also low, averaging 7.1 cells/ml at 20°C; however,

the mean number enumerated was 2.5 x 102 cells/ml for 4°C incubated samples.

In ice the numerical abundance averaged 0.20 and 1.5 cells/ml when incubated

at 4° and 20°C, respectively. The abundance of oil degraders in sediments

during April was also low; average numbers for isolates incubated at 4°

and 20°C were 2.8 cells/ml. In August the abundance increased measurably

with the average numbers of 1.6 x 104 cells/ml at 4°C and 3.7 x 103 cells/ml

at 20°C.

Hydrocarbon degraders were most abundant in sediment samples collected

near Prudhoe Bay. No specific spatial variability pattern was observed

in the areal distribution of hydrocarbon degraders in water and ice; however,

there was a high degree of variability between samples.

Species diversity indices were computed by Atlas and Kaneko (RU #29,

April 1977) and in general the diversity of heterotrophs was higher in

the sediment than in either water or ice. There was no significant seasonal

variation in the indices, except for water and ice bacteria incubated at

200C. In the latter case the seasonal response was statistically signifi-

cant. During August, heterotroph diversity in the water was lower near

Prudhoe Bay than near Pt. Barrow. However, the diversity was higher in

water samples collected in April near Prudhoe Bay. Bacterial diversity

was generally lower during April; it was also lower in ice samples.
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In general, the highest Vmax concentrations occurred in water samples

collected near Prudhoe Bay during August 1976. Microbial activity in the

Beaufort reflects the expected seasonal differences, i.e., activity is

higher in both sea water and sediment in August than in April. For hetero-

trophs isolated from water samples, Vmax averaged 3.1 ng/l/hr and ranged

from 0.2 to 14 ng/l/hr during April (Morita and Griffiths, RU #190-E,

April 1977). In August the maximum potential glutamate utilization ranged

from 0.4 to 85 ng/l/hr and the average rate was 21 ng/l/hr. For hetero-

trophs isolated from sediment, the average Vmax was 0.05 and 0.69 µg/g
max

dry sediment/hr during April and August, respectively.

In comparison to other lease areas, heterotroph activity levels in

Beaufort Sea water as measured by Vmax, were similar to those recorded

for microorganisms in Lower Cook Inlet in October. However, the April

Beaufort rates were twice the average Vmax measured in March in NEGOA.max

The activity in the sediments was about two orders of magnitude greater

in NEGOA in March than in April in the Beaufort Sea.

Morita and Griffiths also found that the level of microbial activity

was much higher in Beaufort surface waters than in the much saltier areas

below the halocline.

Morita and Griffiths and Atlas and Kaneko also measured the rate of

hydrocarbon utilization and the effect of hydrocarbons on heterotrophs.

Morita and Griffiths (RU #190-E, April 1977) conclude that crude oil does

not suppress heterotrophic activity but may act to select for certain types

of bacteria. However, crude oil may inhibit growth for a short period of

time after the initial perturbation. Atlas and Kaneko (RU #29, April 1977)

found the highest petroleum degradation potentials were in seawater off
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Pt. Barrow. High biodegradation potentials were also reported in water

near Prudhoe Bay and in the sediment throughout the lease area. The lowest

potentials occurred in April with isolates from ice. Atlas and Kaneko

also note that the degradation potential is not correlated with biode-

grading heterotroph abundance. In August the number of petroleum degraders

was highest; however, the biodegradation potential was lowest. These

authors believe the low potentials are caused by some limiting factor,

possibly inorganic nitrogen which may have been exhausted during the preceding

phytoplankton bloom.

Atlas and Kaneko note that if oil were spilled in the Beaufort in early

summer, only 30% would be lost to biodegradation by the end of summer.

Degradative losses of oil spilled under the ice will be minimal.

Taxonomic cluster analyses of isolates from the three sampling cruises

indicate that August water sample populations are widely distributed. In

April heterotrophic populations in water show clumping and appear to be

more site specific than in August. Bacteria isolated from ice appear to

be very site specific.
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Chapter X

INTRODUCTION

In any environmental assessment program the potential effect of a

pollutant on the biological component of an ecosystem is one of the most

difficult areas to accurately define. Each species occupies a unique

position within the system that is dependent on its relationship with the

physical, chemical, geological and biological parameters that control

the system. This complexity adds a certain stability to the system that

is reflected in the various ways that species react to a stimulus, whether

that stimulus be beneficial or deleterious.

Whenever a contaminant becomes available to an organism through what-

ever source, the substance is either accumulated and retained within the

animal tissues, metabolized and excreted, or depurated in its parent form.

Marine organisms respond to these contaminants in a variety of ways.

These responses are reflected in changes detectable at the population

and organismal, as well as at the cellular, subcellular and molecular

levels (Malins et al., RU #73/74, April 1977). They are expressed as

both lethal and sublethal effects. In trying to define these effects,

various factors must be considered. Among those factors are the source,

nature, and concentration of the contaminant required to elicit a response

as well as the level at which the response is reflected (i.e., lethal vs

sublethal, population vs organismal, etc.).

This section summarizes the past year's results of OCSEAP-sponsored

biological effects studies of oil to subarctic and arctic marine species.

Discussed are the responses of these organisms to exposures of whole oil,

its water soluble fraction (WSF), and to various components of the oil.
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INVERTEBRATES

ACUTE TOXICITY

Rire et al. (RU #72/331/334, Appendix, Rice et al., 1976) tested the

sensitivity of 27 Alaskan invertebrate and vertebrate species to oil in

static bioassays and concluded that the species tested generally fell into

three groups: (1) sensitive vertebrates, (2) sensitive invertebrates, and

(3) resistant invertebrates. Among the invertebrates, the sensitive group

generally comprised species from the subtidal environment, while the

resistant group was dominated by intertidal species.

Broderson et al. (RU #72/331/334, Appendix, Broderson et al., 1977)

found that larval crustaceans were slower to die than adults. They devised

a new measure of sensitivity based on the concentrations causing mori-

bundity (death imminent) instead of in terms of concentrations causing

death during exposure. For the adults, moribundity was indicated by the

cessation of all motion and reaction while the cessation of swimming was

used to indicate moribundity in larvae exposed to the oil for 96 hrs.

Mecklenburg et al. (RU #72/331/334, Appendix, Mecklenburg et al., in press)

also found that 96 hr LC50 is not always sufficient for determining acute

oil toxicity. These authors found that many of their exposed animals died

after the 96 hr period so that the more toxic effects were not as clear

from the 96 hr LC50s as they were from 144 hr and 120 m LC50s. Delayed

mortality has also been observed by Buchanan et al. (1970) for crustacean

larvae exposed to toxic pollutants.

The toxic effect of the oil varies with the developmental stage of

the organism. Broderson et al. (RU #72/331/334, Appendix, Broderson et al.,

1977) found that larvae of several species of Alaskan shrimp and crab were
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more sensitive than the juvenile or adult animals exposed to WSFs of Cook

Inlet crude oil. The 96 hr LC50s for moribundity (failure to react) for

the adult shrimp and juvenile crab were between 1.9-4.2 ppm oil (as

measured by IR). All Stage I larvae tested had 96 hr LC50s for moribundity

(failure to swim) that ranged from 0.95-1.8 ppm oil (IR). Within each

species, the larvae were more sensitive than the older animals by factors

of from 1.2 (humpy shrimp) to 4.9 (king crab).

These same authors found that the sensitivity among Stages I-VI coon-

stripe shrimp larvae was variable. The least sensitive stages were Stages

I and IV with LC50s for moribundity of 1.8 and 1.9 ppm (IR). Stages III

and IV were the most sensitive with 96 hr LC5 0 s of 0.35 and 0.24 ppm oil (IR).

Mecklenburg et al. (RU #72/331/334, Appendix, Mecklenburg et al., in

press) conducted a series of bioassays on intermolt Stages I and II and the

molt period from Stage I to Stage II of coonstripe shrimp and king crab

larvae exposed to WSFs of Cook Inlet crude oil. The molting coonstripe

shrimp larvae were 4-8 times more sensitive to the WSF than the intermolt

stages. Larval tolerance of king crab during molting was not decreased to

the extreme observed in the shrimp larvae.

Little or no effect was seen in the molting success of coonstripe

shrimp larvae exposed to 0.25 ppm Cook Inlet crude oil (IR) for periods

up to 96 hrs. However, 1.15 and 1.37 ppm oil (IR) severely inhibited

molting with a total of only 10% of the shrimp molting in exposures

longer than 6 hrs. King crab molting success was generally low in all

groups with only 37% of the control group successfully molting. At levels

of 0.15 and 0.55 ppm oil (IR) no differences were detected between these

and the control group. Exposure to 1.20 ppm of the oil (IR), decreased
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molting success only after 48 hrs. Effects were progressively worse with

time in the 1.65 and 1.87 ppm exposures; molting success was essentially

zero after 48 and 72 hrs.

Malins et al. (RU #73/74, April 1977) have reported that concentra-

tions of 8-12 ppb of naphthalene -1- 14C and naphthalene -1- 14C bovine

serum albumin (BSA) complex in flowing sea water, caused 100% mortality

in dungeness crab zoeaa and Stage I and Stage V spot shrimp larvae over a

period of 24-36 hrs.

Caldwell et al. (RU #183, April 1977) have also tested the effects

of WSFs and the major aromatic components of Cook Inlet crude oil on larval

stages of the dungeness crab. Concentrations of the WSF of 0.0083 mg/l

as naphthalene (measured as naphthalene equivalents) and 0.17 mg/l naphtha-

lene in solution appeared to have no effect on crab zoeae survival in initial

long term tests. A second test showed some effects on zoeae survival at

a WSF concentration of 0.0049 mg/l as naphthalene. Survival rates in the

control, however, were low with only 35% of the animals being alive after

40 days as compared to 20% in the exposure group. Similarly neither the

WSF nor the naphthalene appeared to influence the duration of larval develop-

ment in the first experiment. However, exposures to the WSF and the naphtha-

lene in the second experiment resulted in significant delays to each of

the first, second and third molts. The average delay in larval development

time in a WSF of 0.0049 mg/l as naphthalene was 2.85 days while that of

zoeae exposed to 0.13 mg/l naphthalene was 1.44 days. Furthermore,

naphthalene had no effect on the size of larvae surviving the exposures

as compared to the controls. In WSF exposures, only in the first experiment
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were differences in size between control and exposed animals noted. In

this experiment, the exposed animals were larger than the controls by an

average 0.20 mm.

Caldwell et al. (RU #183, April 1977) also exposed dungeness crab

zoeae to benzene in duplicate experiments. Larvae exposed at 6.5 and 7.0

ppm benzene appeared unable to molt and died as first stage zoeae. Larvae

exposed to benzene at concentrations of 0.18 and 0.17 ppm survived as well

as the control organisms. No apparent effects were noted on the duration

of larval stages or on the size of larvae surviving the tests.

These authors have suggested that the differences in the responses

of the larvae to the naphthalene and the WSF of the oil in the two exposures

could be accounted for by differences in the sensitivity of the Oregon

and Alaskan populations of the crabs used in the tests. However, the

possibility also exists that the high mortality rates seen in control

animals may have masked any possible effects of the hydrocarbons in the

first experiment.

SUBLETHAL EFFECTS OF OIL

Physiological Effects

Animals in their natural environment are seldom exposed to acute

concentrations of a contaminant. Chronic low levels of pollution are more

common in the marine system and may represent the greatest threat. Animals

are generally affected at sublethal levels by these chronic exposures

although death may eventually occur as an indirect result of exposure to

the pollutant. The direct effect of exposure to the contaminant is often

detected as a disruption in the metabolic processes of the organism.
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Mecklenburg and Rice (RU #72/331/334, April 1977) found that the con-

tinuous monitoring of heart rates during exposure to toxicants was a sensi-

tive indicator of stress in the king crab. In exposures to sublethal

levels of Cook Inlet crude oil WSF, benzene and naphthalene, heart rates

consistently decreased followed by an eventual return to normal as the

crude oil or aromatic concentration in the sea water declined. In the WSF

exposures, the severity and duration of the brachycardia was directly

correlated with the oil dosage used. Benzene induced the heart rate

depression much sooner than did either the naphthalene or the crude oil

and reduced the heart rate to a maximum of 50% of the control rate. The

maximum heart rate depression, by comparison, was 20% in the naphthalene

exposure and 52% in the WSF. Recovery levels observed 12 hrs into the

experiment were 65% of the controls in the benzene solution and 85% of

the controls in the naphthalene solution. After 28 hrs, the heart rate in

the benzene exposure was approximtely 90% of the control rate. The initial

naphthalene and benzene concentrations used in these exposures were 1.65

ppm and 14.27 ppm, respectively.

In experiments that simultaneously measured the heart rate and oxygen

uptake of crabs during exposure to the WSF, the respiratory response paral-

led that of the heart rate response. That is, there was an initial depres-

sion of these rates followed by eventual recovery.

Short term (20 hr) exposures to naphthalene at concentrations of 0.01-2

ppm appeared to have little effect on early cell division and development

of newly extruded crab eggs (Rice et al., RU #72/331/334, April 1977).

Preliminary results indicate that the lower concentrations may have a

stimulatory effect on development with inhibition occurring at the higher
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levels. Neither water hardening of the eggs nor attachment to the pleopods

appeared to be affected by the naphthalene exposure. In some cases,

however, females exposed during the extrusion of eggs lost their eggs from

the abdominal pouch.

Rice et al. concluded that the crab autotomy response was not a sensi-

tive indicator to investigate effects of water soluble oil components.

Generally, the response was not observed unless exposure levels of Cook

Inlet crude oil WSF, toluene, benzene or naphthalene approached acutely

toxic concentrations. However, naphthalene did cause a greater autotomy

response than did toluene or benzene.

Uptake and Depuration

Malins et al. (RU #73/74, April 1977) conducted uptake and depuration

studies with Stage V spot shrimp exposed to radioactive naphthalene. In

14
these studies nearly four times as much naphthalene -1- 1C was accumulated

than was naphthalene -1- 14 C-BSA complex (820 ppb vs 220 ppb). These levels

represent biomagnifications of 25-100 times the exposure levels. Metabo-

lism of the contaminant resulted in 9% of the naphthalene -1- 14C being

converted to l-naphthol, whereas, 21% of the naphthalene complexed with BSA

was converted to the metabolic product. Of particular interest was the

finding that although the naphthalene -1- 14C was almost entirely depurated

from the larval tissues in 24-36 hrs, the metabolic products were strongly

resistant to depuration (Sanborn and Malins, 1977).

Postlarval coonstripe shrimp exposed to 6 ppb of tritiated naphthalene

contained 360 ppb of naphthalene and 20 ppb of l-naphthol after 1 hr. A

maximum naphthalene concentration in the tissues of 740 ppb was measured

at 12 hrs. At 72 hrs, the naphthalene level in the tissue had decreased
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to 46 ppb. Metabolite concentrations reached a maximum of 50 ppb in 24

hrs, but decreased only slightly during the remainder of the exposure period.

During depuration studies, the accumulated naphthalenes were rapidly re-

leased from the tissues but the metabolites remained at high levels in the

tissues during 48 hrs of depuration. Because of the toxicity, the authors

suggest that the nature of the metabolites formed in the larval shrimp may

be important.

Mature coonstripe shrimp readily accumulated low molecular weight

aromatic hydrocarbons from a 0.09 ppm WSF of Prudhoe Bay crude oil. These

hydrocarbons were predominantly accumulated in the thoracic appendages of

the shrimp, probably due in part to the presence of the digestive organs

in this area. Only trace amounts of the hydrocarbons were found in the

abdominal segments of the shrimp. No information is available on the

ability of the shrimp to release accumulated hydrocarbons from thoracic

tissues.

Behavior

Malins et al. (RU #73/74, April 1977) divided the feeding response

of shrimp into three discrete stages: (1) initial detection of stimulus,

followed by, (2) searching activity up a stimulus gradient, which, (3)

results in control and feeding on the stimulus. During 6 day exposures

of the spot shrimp to WSFs of Prudhoe Bay crude oil, observations were made

on various behavioral responses of the shrimp to a food stimulus. Initial

results indicated that exposures at concentrations of greater than 15 ppb

contribute to decreased feeding activity, particularly those activities

involving searching and contact with the stimulus source. The authors
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suggest that the WSF hydrocarbons are: (1) blocking or disrupting chemore-

ceptor sites, or (2) inducing narcosis. Narcosis would have the more serious

implications for survival.

Taylor and Karinen (RU #72/73, April 1977, Appendix, Taylor and Karinen,

in press) monitored the response of the clam, Macoma balthica, to Prudhoe

Bay crude oil layered on the sediment surface, as water soluble fraction

and as oil treated sediment. During the 60 day observation period following

the layering of oil on the sediment surface, no significant differences

were noted in mortality between exposed and control clams. The only indica-

tion of stress was a reduced siphon activity during the time that oil

slicks were on the mud.

Exposures to the WSF caused some of the buried lacoma at the highest

concentrations of the oil (.160 and .302 as naphthalene) to come out of

the sediment. The concentration of the WSF required to induce surfacing

in 50% of the clams was near the saturation level for a 1% v/v oil water

mixture. The WSF also inhibited the burrowing rate in some unburied clams.

This rate decreased in proportion to the WSF concentration for the two

highest doses used (0.160 and 0.302 ppm as naphthalene). However, no clams

died within 10 days and almost all of the surfaced clams reburied themselves

following addition of clean water.

Macoma balthica exposed to the oil treated sediment (OTS) moved to

the surface in proportion to the amount of the OTS added. The number of

clams surfacing ranged from 6% at a dose of 0.10 g/cm2 and to 29% at 0.5

gm/cm , in 24 hrs. Less than 2% of the control clams surfaced during this

time.

Anderson et al. (RU #506, April 1977) observed a similar response

in Macoma inquinata exposed to sediment contaminated with Prudhoe Bay crude
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oil. During laboratory exposures, 33% of the exposed clams were found to

have either surfaced or died. No such surfacing response was observed

in control clams and only one death was noted in this group.

These authors also attempted to correlate a condition index in clams

with exposures to petroleum hydrocarbons. The condition index was defined

as: ash-free dry weight x 1000.

length

After 55 days exposure in the field, values for the condition index ranged

from 6-14 for both exposed and control clams.

In spite of high levels of hydrocarbon contamination in the experi-

mental M. inquinata, no statistical difference existed in the condition

index of the control and experimental clams. Large individual variation

in the condition index was responsible for obscuring any possible oil re-

lated effects. However, the mean value for the exposed clams was lower

than for the controls in both laboratory and field.

Bioavailability of Oil from Sediments

Anderson et al. (RU #506, April 1977) exposed filter feeding (Proto-

theca staminea), detritus feeding (Macoma inquinata), and sediment ingesting

(Phascolosoma agassizii) species to oil contaminated sediment for 40 days

and analyzed the animal tissues for hydrocarbon uptake. Chemical analysis

showed the presence of both aliphatic and aromatic hydrocarbons in the

tissues of M. inquinata and P. agassizii. These fractions were missing in

P. staminea confirming that hydrocarbons in contaminated sediments are

more likely to be accumulated by sediment or detritus feeders than by filter

feeders. The levels of hydrocarbons in the tissues gave no indications of

biomagnification.
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In subsequent short-term experiments, these same investigators moni-

tored the relative uptake of C14-labelled 2-methylnaphthalene, phenanthrene,

dimethylbenzanthracene, and benzo(a)pyrene from contaminated sediments by

the clam, M. inquinata. Uptake of 2-methylnaphthalene via ingestion of

sediments was negligible. Radioactivity in the clams could be accounted

for by uptake of solubilized methylnaphthalene. With the other three com-

pounds, a portion of the total uptake could be accounted for as uptake

and assimilation from contaminated sediments. The concentrations of these

hydrocarbons accumulated from the sediments were relatively similar to

concentrations taken up from sea water. Magnification factors indicated,

however, that hydrocarbons in sea water were more readily available than

those in sediments. Values for sediment biomagnification factors ranged

from 0.039-0.057 while sea water values ranged from 3.2-420. Sea water

magnification factors suggested a direct correlation between uptake and

molecular weight or number of aromatic rings. No such trend was indicated

by sediment magnification factors.

Uptake of 14C-benzo(a)pyrene from sediments by M. inquinata was dupli-

cated in long-term exposures. Uptake of this compound by the clam was

relatively linear with time and increased on the order of 0.020 µg benzo(a)-

pyrene/g/day without signs of leveling off. This was in spite of decreasing

levels in the sediment. After 42 days, the mean tissue concentration of

the benzo(a)pyrene was 1.04 µg/g. Tissue magnification levels (= tissue

concentration/sediment concentration) increased from 14.5 to 173.3 from

day 3 to 42. However, benzo(a)pyrene levels in the clam tissues were not

significantly lowered following a 24 hr depuration period.
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In field and laboratory experiments in which M. inquinata was exposed

to sediment contaminated with Prudhoe Bay crude oil, hydrocarbon analysis

of clam tissue indicated high levels of contamination. This was particular-

ly true in clams exposed in the laboratory. Most of the hydrocarbons in

the tissues were by di- and tri-aromatic compounds. Present in relatively

low concentrations were the C1 2 -C2 9 n-alkanes. The relatively high levels

in lab-exposed clams reflect the higher rate of sediment hydrocarbon release

measured in the field. Levels in clam tissues were, on the whole, relatively

low as compared to sediment levels.

Uptake of Metals

Although numerous trace elements including heavy metals occur in

crude oil, little is known concerning the dynamics of petroleum-derived

heavy metals in the environment (Anderson et al., RU #506, April 1977).

These authors investigated the bioavailability of trace metals from sediment

contaminated with Prudhoe Bay crude oil to two species deposit feeders:

Phascolosoma agassizii and M. inquinata. After 14 days in the contaminated

sediment, no discernible differences were apparent in the tissue metals

content of either species of exposed or control animals. Although the

data tend to suggest that petroleum hydrocarbons had little effect on the

trace metal concentrations in the tissues of the experimental animals,

further documentation is required. Several difficulties were experienced

including the fact that the exposure sediment because anaerobic in the

early stages of exposure resulted in the worms crawling on the surface

of the mud. These worms could then have been releasing metals into the

water rather than accumulating them from the sediments.
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VERTEBRATES: FISH

ACUTE EFFECTS

In a comparison of 27 Alaskan fish and invertebrate species in their

sensitivity to oil exposures, fish were consistently among the more sensi-

tive species tested (Rice et al., RU #72/331/334, April 1977, Appendix,

Rice et al., 1976). The relative sensitivities of the fish to the No. 2

fuel oil and the Cook Inlet crude oil were similar, except pink salmon fry

which were more sensitive to the No. 2 fuel oil than to the Cook Inlet crude.

DeVries (RU #62, April 1977) found that of several species of fish

exposed to naphthalene at 1°C, the sculpins and flatfish appeared to be

more resistant than the codfish. Pacific cod and walleye pollock died

after only 2 hrs exposure to 4 ppm naphthalene whereas a 20 hr exposure

was required to produce mortalities for the sculpin (Myoxocephalus

verrucosus) and rock sole. At 3 ppm naphthalene, cod and pollock were

unable to maintain equilibrium after 3 hrs, could not ventilate after 13

hrs and did not recover when put into fresh sea water. Similar indications

of stress in the sculpins and flatfish were not observed until after 12 hrs

exposure; after 48 hrs only 10% of the sculpins had died. Although the

exact cause of death from the naphthalene exposure is now known, the stress

symptoms suggest the disruption of the nervous system may be involved.

Smith and Cameron (RU #123, April 1977) monitored the hatching success,

morphological abnormalities and embryonic development in Pacific herring

roe following exposure to a WSF of Prudhoe Bay crude oil. Qualitative

examination revealed that all of the experimental groups, whether hatched

larvae or unhatched eggs, contained hydrocarbon contaminants. These in-

cluded C3-C5 benzenes, and naphthalenes.
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In spite of the fact that herring roe exposed for 4 hrs to a WSF of

Prudhoe Bay crude oil had accumulated detectable levels of the above hydro-

carbons, the only significant difference in hatching success was between

the control and the 6 day exposed group in which none of the eggs hatched.

Hatching frequency was similar in all groups with the most frequent

hatches on days 14, 17 and 18.

Upon termination of the experiment, examination of unhatched eggs

revealed a lack of embryonic development. Nonviable larvae were highly

contorted, lacked the transparency of living tissue and showed no signs

of movement or heartbeat. Of the larvae exposed for 48 hrs, 50.6% of these

showed some morphological abnormality. Most of the abnormalities were

manifested as bent spines resulting in the larvae being unable to swim

normally if at all. Enlarged pericardial cavities, eroded pectoral fins,

lack of fin development, abnormally developed mouths and missing branchio-

stegal membranes were also observed.

The oil had the effect of retarding embryonic development in the long

exposure groups (> 24 hrs). This retardation resulted in a smaller head

and body in embryos from the 24 hr exposure. Retardation was even more

evident in the 6 day exposure with embryos having a very short body and

very little of the tail having separated from the yolk sac. The lengths

of hatched larvae from the 48 hr exposure were determined to be signifi-

cantly shorter than the controls.

In the natural environment, without the detrimental effect of oil

only 5-10% of the herring are estimated to survive beyond the larval stage.

The authors conclude that the presence of hydrocarbons in the marine environ-

ment will aggravate a natural tendency towards embryonic mortality.
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CHRONIC EFFECTS

Uptake and Depuration, Metabolism

Within 2 hrs of exposure to low levels (0.025 ppm) of radioactive

naphthalene, the sculpin, Megalocottus, took up 75% of the naphthalene

initially present in 1 l of the exposure medium (DeVries, RU #62, April

1977). Significant amounts of radioactivity (presumably naphthalene)

were found in the various body fluids and tissues after several hours.

Most of this radioactivity was associated with the liver.

Malins et al. (RU #73/74, April 1977) found that after 24 hrs, the

gallbladder of the coho salmon had concentrated 9.5 ng naphthalene/mg

dry weight. Naphthalene concentrations in the other tissues, including

the brain, liver, muscle and residual carcass, ranged from 1.4-6.4 ng/mg

dry weight. Naphthalene concentrations in the tissues decreased after

24 hrs.

The maximum benzene concentration was measured in the liver after

24 hrs at a concentration of 5.5 ng/mg dry weight. Maximum benzene accu-

mulations at 6 hrs occurred in the brain, gallbladder, muscle and carcass

at concentrations ranging from 0.08-0.9 ng/mg dry weight. The greatest

accumulation (167 ng/mg dry weight) of anthracene occurred after 24 hrs in

the gallbladder; however, during the same exposure period a maximum of 20.6

ng anthracene/mg dry weight was measured in the residual carcass.

It was also noted in this study that the liver and gallbladder of

coho salmon were the major sites for the accumulation of the metabolic

products of the parent hydrocarbons. Large amounts of the metabolic pro-

ducts were also identified in the brain, muscle, and residual carcass at

72-144 hrs after the naphthalene -1- 14 C was intraperitoneally injected.
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Metabolic products detected in substantial amounts were l-naphthol, 1-

naphthyl mercapturic acid, and l-naphthyl -3-glucuronic acid. Lesser

amounts of 1,2-dihydro -1, 2-dihyroxy -1, 2-dihydroxynaphthalene were

also measured. After an oral dose of 5.8 µCi 1C-naphthalene, naphtha-

lenic, metabolites were identified in the dark muscle, kidney, and brain.

Malins et al. (RU #73/74, April 1977) also exposed coho salmon to a

WSF of Prudhoe Bay crude oil in a flow through system. No hydrocarbon

uptake was detected in muscle tissue after 1 week, but 2-6 week exposures

resulted in the accumulation of significant amounts of substituted and un-

substituted benzenes and naphthalenes. Maximum hydrocarbon accumulation

occurred after 5 weeks. Bioconcentration factors of the WSF hydrocarbons

in muscle tissue at this time for C3-substituted benzenes, naphthalene,

combined 1- and 2-methylnaphthalene, C2-substituted naphthalene, and C3-

substituted naphthalene were 50, 80, 160, 85 and 136, respectively. The

most prominent fractions in the muscle tissues were the C4 and C5-substi-

tuted benzenes with a maximum biocencentration factor of 550 after 5

weeks of exposure. When fish were exposed for 6 weeks and'transferred

to clean sea water, no WSF hydrocarbons were detected in the fish tissues

1 week later.

Starry flounder accumulated WSF hydrocarbons of the Prudhoe Bay crude

oil much more rapidly than did coho salmon. Bioconcentration factors after

1 week for C3-substituted benzenes, C4- and C5-substituted benzenes,

naphthalenes, combined 1- and 2-methylnaphthalene, C2-substituted naphtha-

lene, and C3-substituted naphthalenes were 500, 9300, 700, 2400, 240 and

2400, respectively. After 2 weeks, these same factors were 180, 3300, 315,

800, 880 and 1280, respectively. The C4 - and C5-substituted benzenes were
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concentrated 10-100 times more in starry flounder muscle than in coho

salmon muscle after 2 weeks. A concentration of 110 ppm for the C4-

and C5-substituted benzene fraction was measured in the flounder liver

and represented a bioconcentration factor of 11,000.

Several of the hydrocarbon fractions were still present in measurable

levels in the starry flounder muscle tissue after 2 weeks in clean sea

water; however, the gills and liver had levels near or below detection

limits.

PHYSIOLOGY

Enzyme Activity

Previously Payne (1976) had shown that fish exposed to petroleum in

water exhibited increased hepatic benzopyrene hydroxylase [an aryl hydro-

carbon hydroxylase (AHH)] activity. Malins et al. (RU #73/74, April 1977)

fed young coho salmon to 0.53-53 ppm Prudhoe Bay crude oil contaminated

food. The tentative conclusions of these authors indicate that these levels

of the crude oil resulted in a repression of the activity of the AHH system.

However, as far as a dose-response evaluation is concerned, the authors

were unable to make any rational prediction about the relative magnitude

of the AHH activity at a point in time for a given concentration of petro-

leum in a feed source because of the highly variable specific AHH activies

exhibited by the experimental fish.

Reproductive Success

Malins et al. (RU #73/74, April 1977) fed adult rainbow trout petro-

leum contaminated food for 6-7 months prior to spawning. Maturation rates

were not affected in those trout exposed to the oil. No significant
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differences were observed in the hatching success among crosses in which

sperm was used from petroleum-fed and non-petroleum-fed males. Hatching

success from petroleum-exposed females ranged from 32.4-99.5%, with a

mean of 86.4%, and from 79.2-96.8% in non-petroleum exposed eggs. This

latter group had an average hatching success of 89.3%. Alevin (larvae)

survival was higher, though not significantly, in control than in test fish.

Chemical fluorescence analysis of the adult trout muscle after exposure

to the oil indicated that certain fluorescing compounds were mobilized

from the food through the circulatory system in the fish and localized in

the tissues. The available evidence also suggests a transfer of certain

hydrocarbons into the eggs when the fish are exposed to petroleum in their

diet.

CHEMOSENSORY ACTIVITY

The possible adverse effects of petroleum on the chemonsensory system

in organisms has been stressed in the recent literature. Sutterlin (1974)

has suggested that contaminants may mask the chemoreceptive sites, thus

blocking incoming chemical signals at the receptor level. Malins et al.

(RU #73/74,.April 1977) monitored the neural response of the olfactory

bulb of coho salmon to amino acid and aromatic petroleum hydrocarbon stimu-

lants. As compared to the sustained olfactory bulb activity induced by

L-serine, the response to naphthalene diminished much more rapidly. The

exposure to naphthalene, however, did not diminish the subsequent olfactory

bulb response to 1 ppm L-serine, L-methionine, or L-alanine. Similar

results were obtained when the naris were exposed to benzene at concentra-

tions of 0.2-2 ppm.
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Although no attempt was made to determine the threshold level for

hydrocarbon detection, the salmon were able to distinguish low levels

(1.8-20.0 ppm) of WSFs of Prudhoe Bay crude oil. As with the other hydro-

carbons, there was no decrease in subsequent responses to amino acids.

These data, although preliminary, indicate that the receptor sites respon-

sive to certain amino acids are not masked by short term exposures to

specific aromatic hydrocarbons.

The authors suggest that the neural activity elicited by naphthalene

and benzene may be of different origin than that resulting from the amino

acid stimulation. In their experiments, Malins et al. (RU #73/74) found

that perfusion of the naris with 1-2 ppm naphthalene or benzene for 10

minutes did not consistently alter the response to amino acids. However,

delays in recovery of up to 40 seconds were noted in several instances.

This was approximately double the delay for the amino acid elicited re-

sponse. Hara (1974) has discussed the fact that a delay in reaction suggests

activity taking place not at the chemosensory receptor sites, but that it

is more likely a nonspecific irritant effect deeper in the olfactory epithe-

lium. Chronic exposures may, therefore, have a disruptive effect that is

not obvious from short-term exposure experiments.

In related studies, Malins et al. (RU #73/74, April 1977) looked at

the effects of petroleum on salmon homing behavior. The experiments showed

that the presence of hydrocarbons did not cause salmon to avoid their home-

stream waters. Similarly exposure of salmon to 256 ppb petroleum hydro-

carbons for 26 hrs did not significantly alter the fish's ability to return

to its home stream. Evidence was presented, however, that salmon exposed

to oil stray to other spawning locations more frequently than controls.
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However, adverse weather conditions (below average precipitation and high

temperatures) do add a degree of uncertainty to these results.

BLOOD CHEMISTRY

DeVries (RU #62, April 1977) could find no evidence that exposure to

naphthalene affected the osmoregulatory capabilities of the sculpin,

Myoxocephalus. However, naphthalene exposed fish experienced a drop in

their hematocrit values as compared to the controls. However, the hema-

tocrit value did not drop in control fish which were starved and since

the test fish refused food, the blood removed for sampling may have been

regenerated slowly or not at all. Malins et al. (RU #73/74, April 1977)

observed higher hematocrit values and hemoglobin concentrations in English

sole exposed to crude oil contaminated sediments for 4 weeks than in con-

trol fish.

Peptide Antifreeze Production

Antifreeze compounds (glycopeptides) of antarctic fish are synthesized

in the liver (Hudson, in press). This organ has been shown to be capable

of accumulating naphthalenes and other aromatic hydrocarbons. DeVries

(RU #62, April 1977) initiated studies to examine the effects of the hydro-

carbons on the synthesis of secreted liver proteins. Control sculpin

(Myoxocephalus verrucosus), which were warmth acclimated, produced small

amounts of peptide antifreeze when acclimated for 6 weeks at 0.50 C.

Naphthalene exposed sculpin showed a slight decrease of peptide antifreeze

in their blood over the same time period. Experiments to measure the incor-

poration of radioactive leucine into liver secreted proteins indicated

that there was no difference in the rates of incorporation between the
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control and exposed specimens. DeVries concluded that there were no

detectable effects of a 6 week exposure to 1 ppm naphthalene on the rate

at which liver proteins are synthesized and secreted into the blood.

However, because antifreeze production in fish may be a seasonal phenom-

enon, this conclusion may not be entirely applicable. DeVries suggests

that the experiments should be conducted in the late autumn rather than

the late summer as they were in this case.

Morphology

The few papers which have addressed the topic of morphological effects

on fish from contaminants have reported noticeable effects on the organs

and tissues of these fish. Both Malins et al. (RU #73/74, April 1977)

and DeVries (RU #62, April 1977) have approached this problem and reported

variable effects on the liver, eyes, gills, and skin of fish exposed to

oil and its components.

Similar liver damage was observed by Malins et al. (RU #73/74, April

1977) in rainbow trout exposed to Prudhoe Bay crude oil in their diets

for 2 weeks and by DeVries (RU #62, April 1977) in sculpin exposed to 1 ppm

naphthalene for 6 weeks. While the extent of damage was variable in the

livers of the exposed sculpin, histological examination revealed some

hardening of this organ with shrunken cells that lacked cytoplasm. Other

cells had thickened walls with a fibrous material deposited in the cyto-

plasm. Rainbow trout livers also showed an infiltration of the hepatic

blood vessels by connective tissue. This is a common response to severe

cellular damage. Depleted glycogen levels in the hepatocytes of exposed

fish were observed as well as a proliferation of endoplasmic reticulum.
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Cochlear ribosomes, a feature of cells rapidly synthesizing proteins, were

also apparent.

Malins et al. report that control trout gained an average 95.5% in

body weight as opposed to fish fed oil for 75 days which only gained an

average 70.5%. As in the short term exposures, only minute amounts of

glycogen were found in the liver. In addition, lipid reserves in the

livers of test fish were reduced. An abnormal amount of collagen was also

found around the liver sinusoids of trout exposed to oil in their diet

for 6-7 months.

Trout which had developed liver abnormalities after exposure to the

crude oil also had abnormally soft and enlarged eye lenses (Malins et al.,

RU #73/74, April 1977). Experiments indicated that the increased size

was probably the result of hydration. The changes brought about by this

affect should produce severe myopia resulting in such problems as difficulty

in finding prey or avoiding predators.

Malins et al. observed the formation of lesions on the gills of ex-

posed trout, resulting in the loss of the first two or three layers of

cells. Immature mucous glands were exposed as a result, and in some instances,

the contents were exuded. Malins et al. also noted many empty mucous glands

in the skin of English sole exposed to a 13% WSF of Prudhoe Bay crude oil

for 5 days. However, additional evidence is required before definite con-

clusions are drawn concerning the severity of this effect from exposure to

petroleum.
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Bioavailability of Oil from Sediments

Malins et al. (RU #73/74, April 1977) exposed English sole to crude

oil contaminated sediments for periods of up to four weeks. These exposures

did not cause changes in the gross appearance, behavior, or survival rate

of the exposed fish, although increased hematocrit values and hemoglobin

concentrations were measured in these animals. The increase may be due to

a decrease in the blood volume as a result of stress.

Naphthalene and its mono- and dimethylated forms were the most abundant

aromatic hydrocarbons found in the muscle and skin of the fish exposed to

the oil contaminated sediments for 11 days. Levels in the skin were approxi-

mtely three times those in the muscle tissue suggesting that skin is one of

the most likely tissues to develop long-term pathological changes as a result

of exposure to oil.

EFFECT OF TEMPERATURE ON OIL TOXICITY

When oil enters the marine environment, it becomes associated with

the aqueous phase through emulsion, dispersion, accomodation, or formation

of a true solution through dissolution of some of the constituent compounds

of the oil (Rice et al., RU #72/331/334, April 1977, Appendix, Rice et al.,

in press). Evaporation, microbial degradation, chemical, and photo-oxida-

tion, or biological uptake dictate the eventual fate of the oil mixed in

the water. Temperature is one important factor in determining how quickly

these processes work to eliminate the oil from the water.

Cheatham et al. (RU #72/331/334, April 1977) looked at the effect of

temperature on the rate of loss of aromatic hydrocarbons from sea water

through evaporation and biodegradation. The major route for the loss of

mononuclear aromatics under natural conditions may be evaporation. Although
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some volatilization occurs, dinuclear aromatics, particularly naphtha-

lene, are primarily lost from the water through biological degradation.

Temperature was important in that lower temperatures reduced the rates

at which these processes eliminated the toxic materials from the water.

These authors conclude that the persistence of oil in cold waters due to

reduced volatilization and biodegradation will present a greater threat

to marine species in Alaskan waters than to species in more temperate

areas.

Rice et al. (RU #72, April 1977, Appendix, Rice et al., in press)

compared the sensitivities of 27 Alaskan marine invertebrates and verte-

brates to oil with those of species from warmer waters. Initial indications

are that the Alaskan species may be slightly more sensitive although the

studies may not be directly comparable because of the different experimental

designs used to determine toxicities. They propose that the difference in

sensitivity may be due to a greater toxicity of oil at lower temperatures

(because of greater persistence of hydrocarbons) rather than to actual in-

creases in the sensitivity of the animal. Korn et al. (RU #72/133/134,

April 1977, Appendix, Korn et al.) have concluded that since different

species have different tolerances to oil and temperature, one cannot say

whether the sensitivity of a species will be decreased or increased at

lower temperatures. In their experiments, the survival of shrimp was sig-

nificantly lower in toluene and naphthalene solutions at 12°C that at 4°C.

Exposure to a WSF of the Cook Inlet crude oil produced similar results.

However, the survival of pink salmon fry exposed to toluene and Cook Inlet

WSF was significantly reduced at lower temperatures. No differences were

seen in survival of fry exposed to naphthalene at different temperatures.
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They suggest three ways that temperature can affect survival of animals

exposed to oil: (1) affects the persistence of oil in water, (2) affects

rate of hydrocarbon uptake, metabolism and excretion, and (3) extreme

temperatures can act synergistically with oil to increase toxicity.

Malins et al. (RU #73/74, April 1977) looked at the effects of tem-

perature on the accumulation of naphthalene-l-C14 into key organs of coho

salmon. The results showed that fish maintained at 4
0 C accumulated the

naphthalene to a greater extent than the fish exposed at 10
0C. For

example, the liver concentrated 2300 pg naphthalene/mg at 4°C and 400

pg/mg at 10°C; in the brain, measured levels were 1400 pg/mg at 4°C and

640 pg/mg at 100C.

EFFECTS OF METALS

Malins et al. (RU #73/74, April 1977) exposed coho salmon and starry

flounder to 150 ppb Cd-109 in seawater. Gills, liver and kidney of both

species concentrated substantial amounts of the metal at 100C. Little

of the metal was found in the brain and whole blood. The maximum biocon-

centration of cadmium occurred in the liver of starry flounder with con-

centrations one order of magnitude greater than exposure levels. Cadmium

levels in most tissues declined when the fish were placed in cadmium free

sea water. However, twice the amount of cadmium was present in the poste-

rior kidney at the end of the 15 day exposure period.

Cadmium accumulated in the liver and kidney of the fish and was stored

at a substantial degree in portions of the cell mediating vital biochemical

and physiological processes. The greatest proportion of the metal was

found in the cytosol although substantial amounts accumulated in cellular
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debris and microsomal fractions. Mitochondrial fractions contained the

least amount of cadmium. After 8 days in clean water, proportions of

the metal in the subcellular components did not markedly change.

In this same study, a significant bioconcentration of Pb-210 was

noted in the gills and kidney of salmon and flounder. As with the cadmium,

the posterior kidney was a major accumulator of the metal. Lead persisted

in both organs even after 8 and 37 day depuration periods. Blood accumu-

lated substantial amounts of the lead in both species but the brain of

starry flounder showed a greater tendency to accumulate this metal than

did the brain of salmon. Mitochondria, cell debris, microsomes and cytosol

were storage sites for significant portions of the lead accumulated in the

kidney and liver.

Experimental data collected to observe for biochemical interactions

and distributions of lead and cadmium in the cytosolic fraction of liver,

kidney and gill homogenates has shown that cadmium is preferentially bound

by low molecular weight proteins (9000 daltons). This could reduce the

amount of cadmium which would be available for other binding sites, such

as enzymes. However, it is also associated with high molecular weight

portions of the cytosol. Preliminary results indicate that there is little

binding of lead with proteins that have a molecular weight of approximately

8900 daltons. Lead appears, instead, to show a strong preference for neural

tissue.

Malins et al. (RU #73/74, April 1977) determined that the mechanism

of metal uptake in the mucus is direct, probably involving passive diffusion.

The uptake of sublethal levels of lead and cadmium from water was very rapid

in both fish and reached maximum concentrations within the first few days
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of exposure. As compared to the flounder, the epidermal mucus of the

flounder showed a greater tendency to accumulate the lead and cadmium

giving rise to bioconcentration factors of 12 to 14. By comparison, the

maximum level of these metals in the mucus of the salmon was approximately

twice the concentration of the metals in the exposure medium. Although

the major portion of these metals were released into the surrounding

waters when the fish were moved to a control environment, substantial

amounts persisted after several days of depuration.

In experiments to test the effects of the metals on mucus production,

the authors found that exposing salmon to 150 ppb of lead and cadmium for

periods up to two weeks resulted in an approximately 40% increase in mucus

production. Alterations in the physiochemical and rheological properties

of the mucus could be induced by the increased production.

The skin and scales of these fish were also tested as possible storage

and detoxification sites for metals. Compared to the uptake of the metals

in the mucus, the skin and scales of the salmon accumulated metals very

slowly. The concentrations of the metals in the skin and scales were

highly dependent on the experimental temperature with levels 2-7 times

greater at 10°C as at 4°C. Temperature had no effect on metals accumula-

tion in the epidermal mucus. The release of metals from the salmon skin

and scales was slow and after 37 days depuration, 65 and 41% of the accumu-

lated lead and cadmium remained in the scales. In fact, concentrations of

lead in the scales of the fish actually increased during the first week of

depuration.

In starry flounder, lead was accumulated to a much greater extent

than cadmium in the skin of the fish; as in salmon, concentrations of lead
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increased somewhat during depuration. This similar trend in both the salmon

and flounder is evidence that the skin and scales are stoarge sites for

accumulated metals. Persistence of high levels of toxic metals could ad-

versely affect skin structure which may be related to skin lesions and

other cellular and subcellular abnormalities.
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MAMMALS

Previous investigations have determined that hair-bearing marine

mammals are not usually killed by simple surface contact with oil, unlike

fur-bearing marine mammals which are most susceptible and may be killed

by such contact. Kooyman et al. (RU #71, December 1976) measured the

effects on the thermal conductance of pelts, dive performance, and altera-

tions in the metabolic rates of northern fur seals.

In thermal conductance studies, these authors grouped the various

pelts studied into three categories. These included the sparsely furred,

wettable pelts of walrus, sea lions and seals which depend wholly upon a

thick blubber layer for insulation rather than upon fur, the dense fur

seal pelt which is the sole insulation even though some subcutaneous fat

may be present, and the sea otter which has no fat layer and the pelage

is the barrier to heat loss.

The sea lion pelt had a very high thermal conductance and a thin

coating of oil did not alter the insulative properties of the pelt. The

results were consistent with the nature of the pelage and should produce

similar effects in animals in which blubber is the primary insulator.

In lightly oiled pelts of the sea otter and fur seal, thermal conductance

was measurably increased, hence, the insulative properties of the pelt

decreased. Washing the fur was only partially successful in restoring the

insulative properties of the fur seal pelt.

Metabolic measurements showed that light oiling has a significant

effect in increasing the mean oxygen consumption of the exposed fur seals.

This increase was substantial even though only 60-100 ml of the Prudhoe

Bay crude oil was used and only 30-40% of the pelage was coated. Two
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weeks after oiling, one animal that was not cleaned continued to show a

heat production as high as that measured the first day after oiling.

Since oiled seals failed to return to land with the depth-time

recorders, no conclusions could be drawn concerning the effects of oil

on diving effort, depth or duration.
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BASELINE PATHOLOGY DATA

In.preliminary studies, Malins et al. (RU #73/74, April 1977) found

no marked increase in the susceptibilities of coho salmon to bacterial

infection following both oral and WSF exposures to oil. However, in order

to evaluate the impact of oil exploration and production on Alaska's Outer

Continental Shelf, the baseline health of the marine fish and 30 species

of invertebrates from the Bering and Chukchi Seas, Norton Sound and the

Gulf of Alaska for externally visable pathological conditions. Six inverte-

brate species and 10 fish species, for a total of 3,128 animals, were found

to manifest such conditions.

Fish exhibited six major pathological conditions including epidermal

papillomas of rock sole (Lepidopsetta bilineata) and flathead sole (Hippo-

glossoides elassodon), pseudobranchial tumors of Pacific cod (Gadus macro-

cephalus) and pollock (Theragra chacogramma), lymphocystis of yellowfin

sole (Limanda aspera), skin lesions in Pacific cod, and larval trematode

infestations characterized by black spots in the skin of Pacific herring

(Clupea harengus pallasi), rainbow smelt (Osmerus mordax), and saffron

cod (Eleginus gracilis). Pathological conditions in invertebrates included

a parasitic gastropod that infested sea stars (Leptasterias sp.) and the

extensive attachment of leech eggs to the appendages of shrimp (Sclerocrangon

boreas).

Four of the fish diseases were restricted in their geographical distri-

bution. Found only in the Bering Sea, was the lymphocystis of yellowfin

sole and skin lesions of the Pacific cod; black spot disease of Pacific

herring, rainbow smelt and saffron cod was found only in the Norton-Chukchi
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area; and the epitheloid opercular tumors of Pacific Ocean perch (Segastus

alutus) were only observed in the Gulf of Alaska. The pseudobranchial

tumors of cod and pollock and epidermal papillomas of rock sole were found

in both the Bering Sea and the Gulf of Alaska.

Of the 26 species of fish examined in the Bering Sea, only four had

any recognizable pathological condition. These included lymphocystis of

yellowfin sole, skin lesions of the Pacific cod, pseudobranchial tumors

of cod and pollock and epidermal papillomas of rock sole. The overall

average frequencies of fish exhibiting these conditions ranged from 1.3%

having epidermal papillomas to 8.7% of the Pacific cod having pseudo-

branchial tumors. The cause of the lymphocystis of yellowfin sole has

been identified as a virus while the skin ulcers of cod are apparently

bacterially induced. Cod and pollock pseudobranchial tumors and epidermal

papillomas of rock sole are neoplasms of unknown origin.

Three of these pathological conditions were not evenly distributed

through the area, but were most prevalent in the southeastern Bering Sea

near Unimak Island. The frequency of these conditions also varied with

the age and sex of the fish.

Only black spot disease was found on three of twenty-eight species

of fish examined in the Norton Sound/Chukchi Sea area. The frequency of

this condition ranged from 0.8% in saffron cod to 4.5% in Pacific herring.

The highest prevalence of saffron cod with this disease were found in

Norton Sound whereas Pacific herring with this condition were most common

in the Chukchi Sea.
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Thirty-one species of epibenthic invertebrates were examined in the

Norton Sound/Chukchi Sea area and of these, six species had seven poten-

tially pathologic conditions. Parasitism and discoloration were the

major conditions found. Frequencies of the observed conditions ranged

from 1.2 to 41.7%. The frequency of each condition was not uniform

throughout the area, but was generally more prevalent in particular areas.

Four pathological aberrations were observed in five of the 34 species

of fish examined from the Gulf of Alaska. Frequencies for these five

conditions ranged from 0.16 to 21.5%. The frequencies of tumors was closely

associated with the age and sex of the fish examined.
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