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EXECUfiVE SUMMARY 

Intert-idal studies established in 1990 iii Herting Bay,- Pniice-William-Sound 
have continued through the 1992 season. Examination of populations of the 
dominant intertidal alga, Fucus gardneri, revealed that larger plants were 
removed from the intertidal in affected areas. Where Fucus cover. was reduced by 
the oil or clean-up activities, there was often an increase in the abundance of 
ephemeral algae. Lower abundances of reproductive Fucus plants at oiled sites 
also resulted in fewer Fucus eggs settling on those sites. At oiled sites, 
desiccation and heating are severe due to the lack of a protective Fucus canopy, 
leading to low recruitment of Fucus germlings. The growth rate of established 
Fucus plants was greater at oiled sites, probably due to reduced intraspecific 
competition from lower densities of large plants at oiled sites. Measurements of 
growth rates indicate it takes Fucus plants about three years to reach 
reproductive status. To develop a thick Fucus canopy in the high intertidal, larger 
plants must be present both to seed an area with eggs and to protect germlings 
from desiccation stress. Canopies expand outward from the edge as young plants 
are protected by nearby larger plants. 

The limpet, Tectura persona, continued to show lower densities at oiled sites 
than control sites, with differences most pronounced in the upper and 
mid-intertidal. Differences in T. persona densities increased between most control 
and oiled site pairs in 1991 compared to 1990. In the lower intertidal zone of 
coarse-textured sites, however, two of the oiled sites now have higher densities of 
T. persona than their matched controls. Densities differences of the limpet, Lottia 
pelta, were also greater between most matched control and oiled sites in the . 
mid-intertidal during 1991 compared to 1990, but in 1992 this species appears to 
be recovering more rapidly than T. persona at most sites. The periwinkle, .• 
Littorina sitkana, was less dense in the mid- and lower intertidal over the study 
period at four- of the seven oiled sites compared to controls. -Other invertebrates 
studied generally occurred in low densities in Herring Bay, and few differences 
between oiled and control sites were detectable. 

Initially, barnacle recruitment was lower in quadrats on tar-covered rocks, 
compared to scraped quadrats, but differences disappeared at most sites over 
time. Barnacles have successfully colonized both oiled and non-oiled substrates so 

- that by 1992 there were no differences in abundance of surviving adults between 
treatments. Fucus germlings and filamentous algae continued to have lower 
densities and percent cover on oiled than non-oiled substrates. Exceptions 

·occurred on oiled plots when barnacle tests provided suitable substrate for Fucus 
colonization. 

Results of the several Herring Bay studies have been incorporated into an 
interaction web to elucidate potential oil spill affects on community dynamics. 
Direct and indirect effects of the oil spill were identified and recovery of intertidal 
populations relative to various interactions were evaluated. 
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Recovery is taking place in lower and middle intertidal zones and normal 
community interactions are returning. The upper intertidai, however, continues to 
exhibit damage and recovery of this zone may take an additional 2-5 years. 
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CHAPfER 1. GENERAL INIRODUCfiON AND SITE SELECfiON 

Crude- oil spilled -frcfrii-tankers can-directly Blrecf shore orgarusms in two 
ways. Physically, the oil can smother organisms, resulting in death or limiting 
acquisition of resources such as food, light, or nutrients. Because of the toxicity of 
oil the growth rates of organisms, reproductive potentials, and survivorship can all 
be reduced. There may be additional effects of shoreline cleaning methods which 
can negatively effect intertidal plants and animals, with the magnitude of the 
impact varying with the intensity of the effort and the method utilized. Finally, 
due to reductions in the abundances of some organisms, other organisms not 
directly affected by an oil spill but which interact strongly with the damaged 
populations may also be influenced. 

In March, 1989, the Exxon Valdez ran aground on Bligh reef in 
northeastern Prince William Sound spilling 11 million gallons .Qf North Slope 
crude oil. The spilled oil was transported by currents and prevailing winds to the 
south and west, impacting the shorelines of southwest Prince William Sound. 
Prior to the oil spill, knowledge of intertidal communities in the spill region was 
restricted to a few sites or general characterizations of community structure over a 
wider area of Prince William Sound (Feder and Bryson-Schwafel 1988; Rosenthal 
et al. 1982). 

Extensive cleanup operations were conducted throughout Prince William 
· Sound to remove oil from impacted shorelines. Various shoreline treatments were 

used, such as hand cleaning, washing with varying water pressures and 
temperatures, repeated washings, and wide scale use of bioremediation. The 
treatment activities contributed to the death or removal of invertebrates and algae 
from oiled shorelines. Hot water, high pressure washing comJucted from OMNI 
and MAXI barges was applied to many sites and clearly contributed to removal of 
organisms (Lees et al. 1993). 

In late 1989, a series of monitoring programs were initiated to document the 
effects of the oil spill on intertidal biota throughout the impacted area (Highsmith· 
et al. 1993). The goal of this Coastal Habitat Injury Assessment (CHIA) project · 
was to document effects on various organisms due to the spilled oil and 
subsequent clean-up. In 1990 experimental studies were begun in Herring Bay, 
Knight Island, Prince William Sound, which were designed to compliment these 
overall monitoring programs by experimentally assessing intertidal community 
dynamics and mechanisms of recovery. This experimental approach went beyond 
simple species inventories, allowing a more comprehensive assessment of the · 
Exxon Valdez Oil Spill (EVOS) impacts on physical and biological interactions 
mediating community structure. The manipulative experiments were designed to 
evaluate the strength of important species interactions and the role of physical 
factors in community structure. 
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Site Selection 

Since no pre-spill data existed for Herring Bay, sites for these studies were 
selected by pairing sites from oiled and unoiled areas in the bay. The use of post
spill comparisons among control and impacted sites has been a common approach 
in assessing the effects of oil, and only in a few cases have pre-spill baseline data 
been available (Chan 1974; Jackson et al. 1981; Crothers 1983). A major 
assumption of any study where the sites are chosen after a perturbation is that 

- - -the-control-sites·represent-pre=arsturoance -coiiditioiis~--Tii the presenfcase, the 
intertidal communities at the control sites were assumed to be similar to those at 
the oiled sites before the spill. 

The southeast corner of Herring Bay retained ice until early April 1989, 
essentially excluding the oil slick. Therefore, control sites were restricted to the 
southeastern corner of the Bay. To minimize differences.jn exposure to wind and 
wave energy, most oiled study sites were established in the southwestern section 
of Herring Bay. Figure 1.1 shows the locations of all the oiled and control sites 
used in the studies presented here. The general procedure for selecting sites was 
to identify a workable area in the control section of the bay and then find an oiled 
area which resembled the control site as closely as possible. Site pairs were 
matched in as many physical characteristics as possible. The criteria used for 
matching sites included similarity in substrate composition, slope, directional and 
solar aspect, wave exposure, and, occasionally, the presence of patchily distributed 
organisms. Table 1.1lists all pairs of sites and gives some of their physical 
characteristics and possible shoreline treatments. 

.... Despite attempts to minimize physical differences between oiled and control 
sites, some differences remained. Control sites were more often subjected to fresh 
water influence because of large streams entering that portion of the Bay (Fig. 
1.1). Salinity and temperature measurements at the water surface and at 1 meter 
depth were recorded weekly at oiled and control sites in 1990 and 1991, and twice 
during 1992. Differences in water temperature were occasionally detected 
~between oiled and control sections of the bay (Figs. 1.2, 1.3). These differences, 
however, were small, within r, compared to seasonal and weekly fluctuations of 
up to 10°. For 57% of the sampling dates, the surface salinity was significantly 
higher on the oiled side of the bay than on the control side (Figure 1.2). The 
salinity at 1 meter did not show as many differences as the surface salinity, but 
differences were detected on twelve of the sampling dates (Figure 1.3). Again, the 
differences between oiled and control areas were minor relative to seasonal and 
weekly flucuations. Fresh water tends to depress species richness and reduce 
densities of some intertidal invertebrates and possibly algae, compared to areas 
where s8linity is more constant (Barnes 1980), the small differences in Herring 
Bay would probably only be biologically significant, if at all, in the uppermost 
intertidal zone. 
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Physical disturbance seems to have a greater impact on intertidal shorelines 
at control sites in Herring Bay. The control site, 2333C, had a greater number of 
rebar stakes upturned and missing from all three tidal levels compared to its 
matched oiled site, 2333X (Table 1.2). In 1992, 2333C again had several rebar 
stakes disturbed where the oiled site remained intact. The source of this 
disturbance is unknown, but ice scouring is a strong possibility. Ice has been 
observed in the southeastern section of the bay in spring 1991 and can be seen in 
aerial photographs taken in spring 1989 and 1990. Ice has not been observed at 
any time in the southwestern section of the bay. 

Due to both freshwater and ice scouring, the control sites in Herring Bay 
would be expected to have lower population densities than the oiled sites. This 
expectation means that our results probably underestimate the actual differences. 
Observed lower densities of plants or animals at oiled sites compared to control 
sites would indicate reductions first to a level equal to control levels in addition to 
the observed reductions to below control levels. In addition, some decreases in 
plant or animal populations may have occurred at oiled sites but were not detected 
in our studies since the reductions were to levels equal to those of control sites. 

Since our sites were not selected randomly, but were hand picked, the 
generality of our results is limited to the specific sites we have studied. Attempts 
to generalize the effects of the EVOS over the entire spill area, including Herring 
Bay, have been made elsewhere (Highsmith et al. 1993), and the data collected by 
the present studies and the CHIA studies are directly comparable due to similar 
sampling designs. For these reasons, we have not attempted to statistically 
generalize our results beyond the sites studied. More generalized statistical tests 
would only allow us to generalize over the sites studied and not over Herring Bay 
or Prince William Sound. We do, however, compare our population dynamic 
results with those· of the CHIA studies to show generalities of our results. 
Compared with most other experimental ecological work, our studies are well 
replicated. Not only do we have adequate replication within site pairs, which is 
the equivalent of most- good ecological studies, but we have replicated the 
experiments over space. This spatial replication is rarely performed by other 
studies, yet their results are often applied over much broader geographic areas 
with little or no evidence in support of generalizations. 
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Coastal Habitat Study Sites 
Hen:ing Bay, Ala$ka 
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Figure l.la. Map of the study area showing the locations of all of the study 
sites. The shoreline which is in the unoiled category includes shorelines in 
which oiling level may not have been recorded, so that some shorelines will 
appear "unoiled" on the map even though they may have been heavily oiled. 
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Coastal Habitat Intertidal Sites 
Herring Bay, Alaska 
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Figure l.lb. Map of the study area showing the locations of all of the study 
sites. The shoreline which is in the unoiled category includes shorelines in 
which oiling level may not have been recorded, so that some shorelines will 
appear "unoiled" on the map even though they may have been heavily oiled. 
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..... 
0 

Table 1.1. Characteristics of study sites inluding the length, magnetic orientation, slope, oiling level, 
and probable cleanup treatment applied. The cleanup treatments used were OMNI=Omni boom, BIO=bioremediation, 
HWHP=Hot Water High Pressure, and HWLP=Hot Water Low Pressure. The studies done at each study site are also 
indicated by the following codes: PDX=Population Dynamics, RX=Rock Exchange, GR=Growth of Fucus, ED=Relative 
Fucus Egg Density, LC=Limpet Caging, GGS=Germling Growth and Survival, LG=Limpet Grazing, BR=Barnacle 
Recruitment, and MD=Mussel Density. There were three habitats studies were carried out in: SR=Sheltered 
Rocky, ·vw=Vertical Walls, and CT=Coarse Textured. The Exxon segment number is also given. 

Site 
1136C 

1221C 
1221X 

1222C 
1322X 

1231C 
1231X 

1251C 
1251X 

1312C 
1312X 

13420 
1641A 
16418 
1642C 

1443C 
1343X 

1361C 
1361X 

Habitat Studies 
SR PDX1 

SR 
SR 

SR 
SR 

SR 
SR 

SR 
SR 

SR 
SR 

SR 
·sR 

SR 
SR 

SR 
SR 

SR 
SR 

RX GR ED 
RX GR ED 

RX ED 
RX ED 

POX LC ED 
POX LC ED 

LC GGS 
LC GGS 

LG ED 
LG ED 

BR 
BR 
BR 
BR 

BR 
BR 

MD 
MD 

Length (m) 
35 

105 
20 

40 
16 

55 
32 

22 
29 

34 
20 

3 
3 

27 
37 

Orientation 
330 

40 
45 

350 
90 

45 
50 

350 
60 

100 
118 

115 
260 
225 
22"5 

115 

60 
110 

Slope 
30 

19 
26 

23 
21 

23 
21 

31 
23 

18 
20 

90 
90 
90 
90 

90 
90 

Oiling level 
none 

none 
heavy, moderate 

none 
heavy, moderate 

light, very light 
heavy, moderate 

light 
heavy, moderate 

light 
heavy, moderate 

heavy, moderate 
heavy, moderate 
very light 
very light 

light 
heavy. light 

light 
heavy, moderate 

Cleanup treatment 
no treatment 

no treatment 
OMNI, HWHP, BIO 

no treatment 
OMNI, HWHP, BIO 

no treatment 
OMNI, HWHP, BIO 

no treatment 
OMNI, HWHP, BIO 

no treatment 
OMNI, HWHP, BIO 

OMNI, HWHP, BIO 
OMNI, HWHP, BIO 
no treatment 
no treatment 

no treatment 
HWLP 

no treatment 
OMNI, HWHP, BIO 

Segment 
KN5006 

KN5006 
KN0145 

KN5007 
KN0133 

KN5012 
KN0133 

KN5011 
KN0133 

KN5011 
KN0133 

KN0133 
KN0133 
KN5004 
KN5004 

KN5011 
KN0145 

KN0133 

ACE 10825326 



Table 1.1. Continued. 

Site Habitat Studies Length(m) Orientation Slope Oiling level Cleanup treatment secunent 
1362C SR MD 27.5 78 very light no treatment 
1362X SR MD 23 moderate, light no treatment KN0133 

1411C SR LG ED GGS 22 130 21 light no treatment KN5011 
1311X SR LG ED GGS 15 55 26 heavy, moderate OMNI I HWHP, BIO KN013 3 

1544C SR BR 90 none no treatment KN5007 
1544X SR BR 90 light no treatment KN5001 

1645X SR BR 315 90 heavy, moderate OMNI, HWHP, BIO KN0133 

1713C SR LG GGS 45 275 36 none no treatment KN5007 

1713X SR LG GGS 39 250 40 moderate, light OMNI, HWLP KN0127 

1723C SR RX GR ED 35 270 15 light, very light no treatment KN5012 

1723X SR RX GR ED 29 230 23 heavy, moderate OMNI, HWHP, BIO KN0145 

1732C SR POX 38 260 27-51 light, very light no treatment KN5002 

1732X SR POX 42 290 28-37 heavy, moderate no treatment KN0133 

....... 1746X SR ....... 'BR 4.5 270 90 heavy, moderate no treatment KN0133 

1838C SR pox• 9.5 260 31 light no treatment KN5006 

1852C SR LC 34 330 25 none no treatment KN5006 

1852X SR LC 41.5 355 33 heavy, moderate OMNI, HWHP KN0129 

3811C vw POX LG 24 305 90 none no treatment KN5007 

3611X vw POX LG 33 255 90 moderate OMNI KN0128 

2333C CT POX 51 60 16 very light no treatment KN5004 

2333X CT POX 42 95 18 moderate OMNI, HWHP KN0131 

2337X CT POX 55 110 14 moderate, light OMNI, HWLP, BIO KN0130 

2439X CT POX 190 17 moderate BIO KN5000 

2834C CT POX 37 270 14 very light no treatment KN5004 

2834X CT POX 30 290 14 moderate OMNI, HWLP KN0121 
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Table 1.2. The number of plots in the 2333C/2333X site 
pair with disturbed rebar stakes following 
the winters of 1991 and 1992 at three tidal 
levels (MVD). The maximum number of 
plots per category was six. 

MVD 

1 
2 
3 

TOTAL 

CONTROL 
1991 1992 

4 2 
6 2 
6 5 

16 9 

12 

OILED 

1991 1992 

5 
2 
0 

7 

0 
0 
0 

0 

ACE l082S328 



CHAPfER 2. ALGAL SI1JDIES 

IN1RODUCI10N TO ALGAL STUDIES. 

In Herring Bay, intertidal habitats are dominated by the alga, Fucus 
gardneri (Silva). This perennial brown alga occurs at all tidal levels. It is well 
suited to study as all phases of its simple life cycle are easily observed in the field 
or lab. A single plant releases both eggs and sperm which fuse to form a zygote. 
Zygotes travel to the substrate in a thick mucus released from the receptacles of 

·adult plants. After settling, zygotes begin dividing and grow into germlings and 
eventually adult plants. 

This study assessed the damage to populations of Fucus and other algae by 
the Exxon Valdez oil spill. The goal was to ascertain how the oil spill has affected 
the various life history stages of Fucus and to detect changes in abundance of 
Fucus as well as other algae found in the study area. Factors limiting or 
enhancing the recovery of Fucus have been identified and investigated, and 
potential recovery monitored. 

ALGAL MEfHODS 

Fucus Population Dynamics 

The population structure of Fucus was monitored at five pairs of control and 
oiled sites, including 3 sheltered rocky and 2 coarse textured site pairs. Each site 
had 6 permanently marked, randomly placed quadrats (20x50 em) in each of three 
tidal levels, giving a total of 18 quadrats per site. At each site, six transect heads 
were located along the base of the Verrucaria zone, approximately at mean higher 
high water. The length of the site was measured and divided by six, giving a 
segment length. The segment length was then multiplied by a random number 
(0-1.0) after subtracting the quadrat width (20 em) from the segment length. 
Adding the quadrat width to the new number gave the location of the first 
transect head. Each of the subsequent transect heads were located by adding the· 
segment length to the location of the previous transect head. The upper right 
comer of each quadrat was located by measuring the length of the transect at one 
meter of vertical drop (MVD)~ subtra.cting the length of the quadrat (50 em), and 
multiplying by a random number. This was done for all three MVDs on each 
transect. The same random number was used for all MVDs on a given transect. 
A different number was generated for each transect. 

The size-frequency distribution of Fucus was determined in each quadrat by 
measuring the length of all visible Fucus plants to the nearest 0.5 em without 
removing plants from the substratum. Each plant was classified into one of six 
reproductive categories and one of five general condition categories. The six 
reproductive categories were 1) non- reproductive, 2) slightly swollen receptacles 
with evident conceptacles present, 3) swollen receptacles with light conceptacles 
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present, 4) fully swollen receptacles with dark conceptacles and no mucus present, 
5) fully swollen receptacles with dark conceptacles and mucus evident, and 6) 
receptacles depleted and decaying ... The five condition classes were 1) plant with 
at least some undamaged blades, 2) stipe only with no blades and no regrowth, 3) 
stipe only with rio normal blades but regrowth from damaged tissue evident, 4) 
holdfast only with no stipe or blades, and 5) holdfast only with regeneration 
evident. Also, the number of receptacles on each reproductive plant was recorded 
once during the first summer and on aU sampling dates during subsequent field 
seasons. Percent cover of aU organisms was estimated by placing a 50-point grid 
over the quadrat. All drift algae were removed before assessment of percent 
cover. The study plots were monitored every two weeks during a three-month 
period in the first summer, 1990. In the second season, 1991, the quadrats were 
visited on three occasions, once each in April, June, and August and, during the 
third year, 1992, once each in May and August. 

Fucus Reproductive Potential and Egg Viability 

In 1991, the relative fertility of Fucus at oiled and control sites was 
assessed by measuring the rate of egg release from randomly selected receptacles 
on plants. In addition, the viability of the released eggs was determined. Plants 
for this study were collected from the same sites as those used for the population 
dynamics study (see above). The nearest plants with undamaged receptacles to 
the origin of 0.5 m radius semicircular areas on either side of each quadrat were 
collected. Plants were collected three times during the summer and withln two 
days of population dynamics monitoring. Plants at paired oiled and control sites 
were collected on the same day. For each plant collected, one randomly chosen 
·receptacle was cut from the plant, rinsed in freshwater for about 10 seconds, 
;blotted dry, and placed between two paper towels in the dark at 8-10°C for 24 
hours. The receptacles were then weighed and placed in resealable plastic vials 
with 20 ml of sterile seawater and placed in an incubator at 8-10°C with a 
photoperiod of 16:8 (L:D) at 50-80 micromoles/m2/s light. During the 48 hour 
incubation period the samples were shaken every 8 hours to prevent released eggs 
from attaching to the walls of the vials. After the incubation period the 
receptacles were removed from the vials and 2.0 ml of 0.1% Calcoflour stain wa~ 
added and allowed to be absorbed by any living cells for 30 minutes. Then 7.0 ml 
of 2o% formalin was added to each bottle. 

The total number of eggs released by each receptacle was determined by -
estimating the number of eggs in each vial. Each sample was thoroughly mixed 
and transferred to a 9 em petri dish. The number of eggs in 10 randomly chosen 
fields of view of a dissecting microscope (25X) were counted. These ten counts 
were then extrapolated to obtain an estimate of the total number of eggs in each 
vial. 

The viability ofthe eggs produced by each receptacle was also evaluated. 
After the number of eggs was determined, the egg solutions were transferred to 
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centrifuge tubes and centrifuged for less than 10 seconds or allowed to settle for at 
least .. 16hours .... Four drops ofco11centrated samples. weretransfertedto a 
ffiicroscope. slide· and uexaml:ned under -a fluorescent .mi~~scope. The number of 
unfertilized (non-fluorescent) eggs and fertilized eggs (fluorescent) were counted 
until 100 eggs were examined. If less than 100 eggs were examined, then up to 5 
additional slides were prepared until 100 eggs had been examined. If after 
examination of six slides there were still less than 100 eggs examined, the number 
counted for all slides was recorded. 

Fertility of Floating Fucus 

To assess the possibility of recolonization of denuded shorelines by drift 
Fucus plants, the reproductive potential of drift plants was determined. To obtain 
drift plants, a skiff was driven at about 1.5-2.0 m/s, and any plants within 1 m of 
the bow of the skiff were collected. Collections were made along three transects 
on each sampling date. Each transect originated from an oiled site in· the 
southwest finger of Herring Bay. The sites were 2333X, 3611X, and 1852X. 
Starting as close as was safe to the shoreline, the skiff was driven in a random 
compass direction· until the shore was encountered at which time the skiff was 
driven in a new random compass direction. Each transect was run until 10 plants 
had been collected. The three sampling dates were 22 May, 3 June, and 8 August 
1991. 

After ·collection, the plants were treated exactly the same as the plants 
collected in the Fucus reproductive potential and egg viability study above. 

-· ·,' 

Fucus Gennling Growth and Survival 

In 1991, petri dishes (9x60 mm) were seeded with approximately equal 
densities (144 eggs/cm2

) of Fucus eggs in the lab at Juneau and incubated for 
about one month (Table 2.1). The seeded plates were then shipped in a cooled 
container to Herring Bay. The seeded plates were paired with unseeded plates 
and bolted to rock surfaces at 1 and 2 MVD at three pairs of matched oiled and 
control sites. Four pairs of plates were placed at each level at each site. The 
locations of the four transect origins were determined using the same procedure as 
for the population dynamics study. The percent cover of Fucus was estimated on 
each plate in the field about once every ten days. Two complete sets of plates 
were deployed over the summer. The first set was placed in the field in May and 
the second in June (Table 2.1). 

To investigate differences in desiccation rates among sites and how these 
differences may affect gennling survival, drying rates were measured at the first 
MVD plate locations and these were correlated to the estimated percent cover of 
Fucus on the plates. Desiccation rate was measured by placing freezer container 
lids with wetted cotton balls on them in the field and measuring the weight loss 
over time. One lid and cotton ball combination was placed near each set of 1 MVD 
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plates at all sites as the tide receded and exposed the plates. The lids and cotton 
balls were collected just before they were again covered by the rising tide. Due to 
time .. constraints and limited periods of· hot, ·sunny ·weather, -these ·observations 
were carried out only once, in June 1991 after the second set of plates was placed 
in the field. 

The effect of whiplash motions of adult Fucus on survival of germlings was 
also investigated experimentally. Plates with germ.lings on them were mounted on 

. -- ---a--plywood--board--and-suspended-just--under-the-water·surface--in-atn:rrea suojected 
to wave action. One end of the board was weighted to keep the board vertical. 
Herbivores were excluded from the board since it was suspended in open water by 
ropes attached above the tideline. Adult Fucus plants were suspended above four 
of the plates by sandwiching the stipes of the adult plants between the plywood 
and another board bolted to the plywood. Three other plates served as controls 
with no adult Fucus plants. 

Due to rapid, high mortality of germ.lings on the petri dishes, a second set of · 
similar experiments was initiated in 1992. This set of experiments used 
handmade ceramic tiles (6x8 em) with grooves of three widths (0.80 mm, 0.50 mm, 
and 0.15 IniD) and two depths (1.50 m.m, 0.30 mm) scored into them before firing. . 
The tiles were made with Pine Lake Red Stoneware clay and fired at cone 10 with 
no glazes or colorants. The six different sizes of grooves (3 widths x 2 depths) 
were randomly ordered horizontally on each tile (Fig. 2.1). The tiles were 
attached to the substratum with a screw through a central hole in the tile.· Three 
grooves were above the mounting hole and three below it. 

The effects of a number of factors on germling survival were investigated 
using these tiles. To evaluate the effects of adult Fucus canopy, tidal level, oiling 
history at the site, and prior seeding, eight plates were deployed at each of three 
control and three oiled sites. Four plates were placed at the 0.5 MVD and four at 
1.0 MVD. At each level, pairs of plates were separated by one meter. One 
randomly chosen group was designated a Fucus canopy treatment and the other 
had no Fucus canopy. If a Fucus canopy was present in the no Fucus canopy 
treatment~ the plants able to cover the tiles were removed. If there was no Fucus 
canopy in the Fucus canopy treatment, then Fucus plants taken from the same 
tidal height were transplanted just above the tiles by chipping off the rock with 
the plant attached and using Z-Spar marine epoxy putty to secure the rock and 
plant in place. Each tile pair consisted of one seeded and one unseeded tile. The 
seeded tile was inoculated with Fucus eggs gathered from plants. in Juneau. After 
inoculation the tiles were incubated in sterile seawater for about one month before 
shipping to Herring Bay and deployment in early July (Table 2.l). At the time of 
deployment, all germ.lings were about 0.5mm in length. The location of the upper 
left tile of each quartet was determined by measuring the length of the site, 
subtracting 1 meter and multiplying by a random number. 
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In addition to the factors mentioned thus far, the effect of herbivores on 
germling survival was investigated using additional plates deployed at the same 
time. -Herbivores-were excluded· by-encasihg-tiles iri Vexar me-sh (about-3:!5inm 
mesh size) and securing the tile and cage to the substratum with a screw (Fig. 
2.1). To control for cage effects, tiles were also placed in a cage open at the 
bottom, allowing herbivores access. Uncaged control tiles were also used. All tiles 
were seeded and all Fucus canopy was removed from around the tiles. At each of 
the six sites, two sets of the three treatments were deployed, one at 1.0 MVD the 
other at 2.0 MVD. The 1 MVD set used the no Fucus-canopy, seeded tile from the 
preceding experimental design as the control tile. The two caging treatments were 
placed next to the control tile. The 2 MVD treatments were placed directly below 
the 1 MVD caging treatments. 

For all tiles, the number of germlings in each groove was counted 
immediately before placement in the field, and an area between the first and 
second grooves equal to the width of the widest groove was also counted to assess 
survival outside of grooves. After two months in the field, the tiles were retrieved 
and the same counts were taken. After counting, the tiles were returned to the 
field. 

Growth of Established Fucus Plants 

To determine growth rates of Fucus plants in Herring Bay and estimate 
recovery time for these plants, individual plants were tagged and monitored for 
subsequent growth. Six randomly chosen plants in each of 3 size categories at 
each of three tidal levels were tagged by gluing a small uniquely labeled tag next 
to the plant with marine epoxy. The plants were chosen by finding the nearest 
plant in the specified tidal level to a randomly selected point on the shore. The 
randomly selected points were located using the same procedure to locate the 
quadrats in the population dynamics study except that the quadrat length and 
width were not subtracted from the segment or transect lengths. The distance 
from each point to the chosen plant was recorded for each selected plant, giving an 
estimate of plant density of the vanous size categories at each site. Eighteen 
plants in each size category were marked at each of two pairs of control and oiled 
sites. The size categorie~ consisted of small plants- (2-4.5 em length, medium 
plants (5-10 em), and large, reproductive plants (>10cm). All plants were marked 
and measured between 16-19 May 1991. If plants were reproductive, the number 
of receptacles was counted for each plant. Plants were remeasured on 22-23 · 
August 1991 and 27-28 July· 1992. 

If tags or plants were lost or the plants grew into a new size class, then new 
plants were located and tagged by selecting the nearest plant to the original, 
randomly located point. After each sampling period, the number of plants in each 
size class at each tidal height was restored to at least six by this retagging 
procedure. Sample sizes can be greater than six if plants from a smaller size class 
grew into the next larger size class and there was no mortality in the larger size 
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class. Since growth is the variable of interest here only positive or zero growth 
values were used in the analyses, eliminating any negative growth resulting from_ 
damage to the plant: · ·-- --· · · · ·- - - - - - ·· - ·-

Fucus Egg Density 

The number of Fucus eggs settling on oiled and control beaches was 
estimated by deploying acrylic plates designed to catch Fucus eggs (Fig. 2.2). The 
plates were 5x10 em and had nine grooves etched in them. The width of the 
grooves ( 125 um) was slightly larger than the width of an average Fucus egg (7 5 
um). Eggs falling on the plates would be likely to be trapped in the grooves. The 
plates were set out for one day at a time for three (1992) or four (1991) days in a 
row. A plate was placed at each of three tidal levels (0.5, 1.0, 2.0 MVDs) along 
four transects, for a total of 12 plates per beach. One transect was placed at 
either end of the site and the remaining two transects were equally spaced 
between them. This experiment was performed at four pairs of oiled and control 
sites in May, June, and August in 1991 and 1992. Two of the sites used in 1991 
were also used in 1992, but two new sites replaced two old sites in 1992. In 
August 1991 and on all sampling dates in 1992, the distance and direction to the 
nearest fertile Fucus plant for each plate was recorded. 

Statistical Methods 

The same basic statistical procedure was followed for most observations. 
For any given type of data, comparisons were ultimately made for each pair of 
sites only, but, where appropriate, the ·pooled estimate of variance for all sites of a 
given habitat type was used. Raw data for all pairs of sites were checked for 
homogeneity of variances using Levene's test at the p=0.10 level. If variances 
were unequal-, then the data were transfonned using either an arcsin (percent 
cover data) or log transformation (all other data), and Levene's test was again 
applied on the transformed data. If either the raw or transformed variances were 
equal, then a one-way ANOV A was performed on all sites and contrasts between 
oiled and control sites within a pair were used to detect differences between oiled 
and control sites. If neither the raw nor the transformed variances were equal, 
then a regular t-test was used to compare each pair of sites. Before applying the 
t-test, however, raw data variances for each pair of sites were tested for 
homogeneity using the F-max test. If variances were not equal, then the raw data 
was transformed using either of the two transformations mentioned above and the 
F-max test was again applied. If the transformation failed to alleviate the 
heteroscedasticity, then a regular t-test with Satterthwaite's correction for 
non-homogeneous variances was applied to the raw data. In some cases, simple t
tests were performed without attempting to use a pooled estimate of variance. 
When these simple t-tests were employed the procedure above was applied as if 
neither the raw nor transformed data had homogeneous variances for all sites. In 
a small number of cases involving multifactorial experiments, two- or three-way 
ANOV As were used on the raw data if variances were judged to be homogeneous 

18 ACE 10825334 



according to a F -max test. In cases where variances were not homogeneous, log 
transformations were used. The transformations did not always cure the .. 
heteroscedasticity, and ill cases where variances remam-ecfnon:homogene-ous the 
ANOV A was carried out on the raw or transformed data, whichever had the more 
homogeneous variances. In cases where this was done, the fact that the 
assumptions of ANOV A were violated is indicated in the presentation of the data. 
All figures and tables represent raw means and one standard error of the mean. 
Statistical significance is indicated by one star (p<0.05), two sU!r.~_{p_c;Q.Q1), QI" __ ---tJ:rree-sta.rs.~p<o-:-o-o-u;------··------ ·· ----------·-------- -------

ALGAL RESULTS 

Population Dynamics-Sheltered Rocky .Sites 

At site pair 1231C/1231X, a gently sloping sheltered rocky pair, there were 
fewer large plants (>10 em) at the oiled site in the first and second MVDs during 
the first two years of sampling (Fig. 2.3). In the first MVD only one difference 
was statistically significant, due to low densities and high variability. On all 
dates in the first two years at the second MVD, all differences in large plant 
abundance were statistically significant. On the last sampling date in 1992 in the 
third MVD there were more large plants at the oiled site. Medium sized (5.5-
10.0cm) plants also showed lower abundances initially at the oiled sites during the 
first year in the first and second MVDs, but only two of these differences were 
statistically significant. There were more medium sized plants at the oiled site at 
the end of the second summer (3 MVD) and in the third year (2 MVD), although 
only three of the differences were significant (Fig. 2.3). On most dates, small 
plant density, 2.5-5 em, was less in the first MVD at the oiled site in 1990, but 
there were no differences in subsequent years (Fig. 2.4). In the second MVD, 
however, there were more small plants at the oiled site in all years with 
significant differences in the second and third years. The oiled site had 
significantly more germlings (0-2 em plants) in the second MVD during the first 
year and early in the second year of sampling (Fig. 2.4). There were no other 
significant differences for this size class. 

A more steeply sloped sheltered rocky pair, 1732C/1732X, had few 
significant differences in plant densities of plants in any size category (Figs. 2.5, 
2.6). In the third year of sampling, there were more germlings in the second and 
third MVDs at the control site (Fig. 2.6). 

At the vertical wall sites, 3811C/3611X, there were significantly more large 
plants (>10 em height) at the control site in the first MVD during the first two 
years of sampling (Fig. 2. 7). Differences were no longer significant in 1992 due to 
·an increase in plant density at the oiled site. In the second MVD there were more 
large plants in the third year only at the oiled site. There were no differences in 
the number of large plants for any year in the third MVD. Medium sized plants 
(5.5-10 em) showed significantly lower abundances in the second and third MVDs 
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at the oiled site on a few dates in 1990 (Fig. 2.7). By 1992, plant numbers were 
increasing at the oiled site for all three MVDs. Small plants (2.5-5 em) were also 
significantly less abundant at the oiled site in the first and third MVDs on half of 
the sampling dates in 1990 (Fig. 2.8). There were no other significant differences 
in the abundance of small plants except in the third MVD in 1992. The trend, 
however, was toward higher abundances at the oiled site in 1991 and 1992. 
Germlings (0-2 em) were significantly less abundant in the third MVD at the oiled 
site during all three years, but there were more germlings in the second MVD at 
the oiled site at the end of the first summer (Fig. 2.8). In the third MVD, 
germlings tended to be significantly niore abundant at he control site until the end 
of 1992. 

At sites 1231C/1231X, there were more reproductive plants at the control 
site in the first and second MVD, but due to low numbers and high variability, the 
differences were significant on most sampling dates only in 2 MVD (Fig. 2.9). 
There were no differences in the third MVD. A similar pattern occurred for 
receptacles per quadrat,. with significant differences on all dates in 2 MVD and 
spring of 1992 in 1 MVD. For site pair 1732C/1732X, there was only one 
significant difference in the number of reproductive plants in the third MVD in 
1991 in which there were more plants at the control site (Fig. 2.10). There were 
no significant differences in the number of receptacles per quadrat, although there 
were consistently more receptacles at the· control site in the first MVD until the 
end of 1992 (Fig. 2.10). For 1991 and early 1992 at site pair 3811C/3611X, there 
were significantly more reproductive plants and receptacles per quadrat on control 
sites in the first MVD (Fig 2.11). The only other significant difference was the 
number of reproductive plants was greater at the control site in the second MVD 
int 1990. 

The percent cover of Fucus and other algae was also different between 
control and oiled sites in some cases. At the 1231C/1231X site pair, Fucus cover 
was lower, but not significantly so, at the oiled site in the first MVD for all three 
years (Fig. 2.12). Fucus cover was significantly lower at the oiled site in the 
second MVD through June 1991. Although there was not any convergence of 
Fucus cover in the first MVD as of 1992, cover tripled from 1990 to 1992 in the 
second and third MVDs at the oiled site. Weedy, ephemeral species had higher 
cover at the oiled site in the second and third MVDs through the middle of 1991 
but differences were only significant in the third MVD (Fig. 2.12). Likewise, the 
1732C/1732X site pair showed higher cover of ephemeral algae at the oiled site in 

· the second and third MVDs on some dates in 1990 (Fig. 2.13). At this site, 
however, there were no differences in the cover of Fucus. Once in 1991, however, 
the cover of ephemeral algae was greater at the control site. Similar patterns can 
be seen in the percent cover data for the 3811C/3611X site pair (Fig. 2.14). Fucus 
cover was significantly lower at the oiled site at all levels with significant 
differences in the first and third MVDs. In the third MVD differences were only 
detectable through August 1990, but, in the first MVD, the differences extended 
into 1991. Percent cover of Fucus tended to increase at the oiled site in the second 
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and third MVDs in 1991 and 1992. Ephemeral species had significantly higher 
percent covers at all tidal levels at the oiled site in 1990 and early 1991 (Fig. 
2.14). The pei"centcover ofephemerals at oiled sites tended to declin-e over time, 
especially int he first MVD, converging to control values. 

Population Dynamics-Coarse Textured Sites 

Algae were sparse in the first two MVDs at the two coarse-textured site 
pairs, so only third MVD results are reported. The size distribution of Fucus 
plants at the coarse textured sites (Fig. 2.15, 2.16) showed patterns somewhat 
similar to those given above for sheltered rocky sites. Germlings (0-2 em) tended 
to be more abundant at the oiled sites with significant differences occurring on 
three sampling dates at site pair 2333C/2333X (Fig. 2.15). At the other site pair, 
2834C/2834X, there were no differences in the number of germlings (Fig. 2.16). At 
both site pairs there was no difference in the abundance of small plants 
(2.5-5.0 em) in 1990 but, in 1991 and 1992, they became more abundant at oiled 
sites (Fig. 2.15, 2.16). There were significant differences at site pair 2333C/2333X 
on all 1991 and 1992 dates, but there was only one difference at the 2834C/2834X 
site pair in 1991. The medium sized plants (5.5-10 em) at both site pairs tended 
to become more abundant at the oiled sites in 1991 and significantly so in 1992. 
Larger plants (>10 em) tended to be more abundant at control sites in 1990 and 
1991, but this difference was only significant on the first sampling date at the 
2333C/2333X site pair. In 1992, large plants became significantly more abundant 
at oiled sites at both site pairs. There were no significant differences in the 
number of reproductive plants or the number of receptacles per quadrat at either 
coarse textured site pair (Fig. 2.17). The number of reproductive plants and 
receptacles was much lower compared to sheltered rocky site. In the first two 
years, there were always more reproductive plants and receptacles per quadrat at 
the control sites, but due to high variation and low numbers, none of these 
differences were statistically significant. 

In the third MVD, the percent cover of Fucus was significantly lower at the 
oiled sites in 1990 on a few sampling dates at both coarse textured site pairs (Fig. 
2.18). In 1992 at the 2333C/2333X site pair, Fucus cover was significantly higher 
at the oiled site. There were no differences in the percent cover of ephemeral 
algae at either site pair (Fig. 2.18). 

Both coarse textured site pairs showed similar temporal patterns (Figs. 
2.15, 2.16). In 1990 at the oiled sites, there were fewer large plants and more 
germlings at each site pair. In 1991, the abundance of small plants had increased 
at both oiled sites, and in 1992 there were increases in the number of medium and 
large plants at both oiled sites. Thus, at both oiled sites, a cohort of plants can be 
seen to recruit in 1990 and grow to larger size classes in subsequent years. This 
recolonization can also be seen in the gradual increase of the percent cover of 
Fucus at both oiled sites (Fig. 2.18). 
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Population Dynamics-Reproductive Plant Quality 

Examination of reproductive plants at all sites; both sheltered rocky and 
coarse textured, revealed that at oiled sites reproductive plants were shorter than 
those at control sites in the second and third MVDs early in 1990, in the first and 
second MVDs at times in 1991, and in all MVDs in 1992 (Fig. 2.19). Also, Fucus 
at control sites had more receptacles per plant in the first and second MVD in 
spring of 1992 (Fig. 2.19). There were no significant differences at other times on 
in the third MVD. These data include all reproductive plants observed at all 
sites. 

Reproductive Potential and Egg Viability 

At all times and at all levels, the average number of reproductive plants, 
out of 12 possible, collected at the three pairs of sheltered rocky sites was greater 
at control sites than at oiled sites (Table 2.2). However, differences were only 
significant in the first MVD during the second and third sampling periods and in 
the third MVD during the third sampling period. This result indicates that there 
were fewer reproductive plants at oiled sites and is consistent with the 
reproductive plant densities observed in the population dynamics study (Fig. 2.9, 
2.10, 2.11). 

The wet weight of the collected receptacles was significantly greater at 
control sites relative to oiled sites in the third MVD during the second sampling 
period and in the second MVD during the third sampling period (Table 2.2). In 
addition, similar, but not significant, reductions in receptacle weight at oiled sites 
~an be seen in the second MVD during the second sampling period and in the 
third MVD during the third sampling period. 

There were two significant differences in the total number of eggs produced 
by receptacles from oiled and control areas (Table 2.2). In the second MVD during 
the first sampling period, more eggs were produced by the oiled receptacles. In 
the first MVD during the second sampling period, more eggs were produced by 
receptacles from control sites. 

The proportion of eggs which were viable was significantly greater at oiled 
sites during the first sampling period in the second and third MVDs (Table 2.2). 
However, during the second sampling period in the second MVD the proportion of 
viable eggs was greater at the control sites. The direction of these differences is 
the same as for the number of eggs produced. Combining these two data sets, 
suggests that the number of viable eggs released by oiled receptacles is greater 
early in the season in the second and third MVDs, but later in the season 
receptacles from control beaches release more viable eggs. Late in the season, all 
released eggs were viable and there were no differences in the egg release rate. 
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Fertility of Floating Fucus 

No significant differences were detected in tlie egg release-rates between 
drift and attached plants (Table 2.2). However, the proportion of viable eggs was 
greater for attached plants in the second and third sampling periods. During the 
last sampling period, all eggs produced by attached plants were fertile compared 
to 38.1% for drift plants. Since there was no variance for the attached plants, no 
statistical test was performed. At all times, the wet weight of receptacles from 
drift plants was greater than for attached plants. Drift receptacles were about 

·twice as heavy as attached receptacles. 

Germling Growth and Survival 

· In 1991, there were dramatic decreases in the estimated percent cover of 
germlings in the petri dishes immediately after placing them in the field, probably 
due to physical conditions in the upper intertidal area. Measurements of field 
desiccation rates indicated that oiled sites had higher drying rates than control 
beaches (Table 2.3). The estimated percent cover of germlings was negatively 
correlated with drying rate (Fig. 2.20). Where desiccation was greater, fewer 
germlings ·survived. 

A Fucus canopy can also lower survival of germlings. Young germlings may 
be knocked off the substrate by the fronds of large plants being moved about by 
wave action. Germlings growing on plates subjected to whiplash from large plants 
showed much higher mortality than germlings without large plants present (Table 
2.4). On rock surfaces, germlings probably have a refuge from whiplash in small 
cracks and crevices. 

The effect of groove size on germling recruitment and survival, was 
statistically analyzed by treating each tile as a block and the different size grooves 
were compared using a one-way ANOVA. These tests were performed on either 
raw or log transformed data whichever had homogeneous variances indicated by a 
F -max test. Contrasts were used to make comparisons of different types of · 
grooves. For each variable, five contrasts were tested: 1) grooves versus no 
grooves, 2) deep grooves versus shallow grooves, 3) narrow versus medium width 
grooves, 4) narrow versus wide grooves, and 5) medium versus wide grooves. This 
procedure was done, rather than making all possible comparisons, because it is 
both more powerful and allows specific hypotheses to be tested. . 

The initial seeding densities on the grooved tiles varied between groove 
widths but not depths (Fig. 2.21). There were more germlings in wider grooves 
than in narrower grooves. This was probably due to the increased surface area of 
wider grooves compared to narrower grooves. There were also more germlings in 
grooves than out of grooves. This can be attributed to the· tendency for eggs to 
gather in grooves. Any slight movement of the tile immediately after seeding, 
before the eggs have attached to the substrate, would cause some of the eggs to 
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fall into the grooves. To account for the differences in initial seeding densities, the 
percent survival of germlings was calculated by dividing the number of germlings 
observed .. after .two l!lOilt.hl3Jil_th~ fi~ldby_t.h_e __ initiaLnumber of.germlings.--Due to 
naturarrecrui.tment of germlings, it was possible for this value to be greater than 
1. A higher proportion of germlings survived in grooves than out of grooves (Fig. 
2.22). Survival rate was higher in medium and narrow grooves than in wide 
grooves, but there was no difference between deep and shallow grooves. Natural 
recruitment was monitored on the unseeded tiles (Fig. 2.23): Germlings never 
recruited naturally onto thE:!J;i.l~§Jll.lJ;§ide _pf th_e_gro_oves. _N atural.recruits-were -

-· more-B.fiundantTnmedium grooves compared to narrow.grooves. No other 
differences of groove size were detected for the natural recruitment of germlings. 

To examine the effects of Fucus canopy, tidal height, and oiling on germling 
survival, the number of germ.lings in all sampling areas on each tile were summed 
yielding a total number of germ.lings counted per plate. Thus, the dependent 
variable here is the number of germ.lings per plate regardless of groove size. A . 
three-way ANOVA on the percent survival of germ.lings yielded three significant 
effects. First, there was an effect of site pair, indicating that there were 

·differences in germling survival between site pairs (Fig. 2.24). Second, germling 
survival was higher in control areas compared to oiled areas indicated by the 
significant oil effect. Finally, germling survival was greater under Fucus canopy 
compared to no canopy treatments. Natural recruitment of germ.lings showed 
similar patterns to germling survival (Fig. 2.24). First, there was a significant site 
pair effect, indicating differences in recruitment between site pairs. There. was 
also an effect of oiling. Natural recruitment was higher at control sites compared 
to oiled sites. Finally, there was a trend, but not a significant one (p=0.123), that 
·recruitment was greater under Fucus canopy. This seems to be especially true at 
oiled sites which tended to lack natural Fucus canopy. 

The effect of herbivores on gennling percent survival and recruitment was 
examined in a similar manner by evaluating the number of germ.lings over entire 
plates and ignoring groove size (Table 2.5). There were no detectable effects_of 
cage treatment, tidal height, or oiling on the survival of germlings in a three-way 
ANOVA. 

Growth of Established Fucus Plants 

In 1991 when this experiment was set up, the distance to the nearest plant 
of the two larger size classes was greater at oiled beaches than control beaches in 
the first MVD, indicating a lower density of plants at the oiled sites (Fig. 2.25). 
At sites 1221C/1221X, the largest size class also had lower densities in the second 
and third MVDs at the oiled site. The smallest plants (2-5 em) in the first MVD 
showed a trend towards greater distances at oiled sites. 

Because sample sizes were small due to loss of plants, tagged plants from 
both site pairs were grouped together, yielding a larger number of control and 
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oiled plants for comparison using simple t-tests. This, however, reduces the 
generality of the results. During the summer of 1991, small plants in the first 

·- --MVD-grew-fasteratoiled -sites-than at control sifes(Fig: 2.26). The yearly grovvth 
rates, from late summer 1991 to summer 1992, showed that plants of all size 
classes grew faster at oiled sites in the first MVD (Fig. 2.26). In addition; large 
plants in the second MVD grew faster at oiled sites. 

Fucus Egg Density 

The egg capture rate with grooved plates was higher on the control beaches 
than on the oiled beaches at the 0.5 and 1.0 MVD in all cases during the second 
and third sampling periods in 1991 (Fig. 2.27) and in one of the four matched 
pairs during the first sampling period in 1991. At the 2.0 MVD in 1991 there 
were no differences in capture rateduring the first time period. However, during 
both the second and third time periods there were significantly more eggs at the 
control beaches in all but one case. In 1992 during all sampling periods, more 
eggs were captured at control sites at the 0.5 and 1.0 MVD in all but two cases 
(Fig. 2.28). One of the four pairs had lower capture rates at the oiled site at the 
2.0 MVD during each of the first two time periods in 1992. During the final 
sampling period in 1992 at the 2.0 MVD, three of the four pairs showed lower egg 
densities at the oiled sites. 

In 1992, the distance from each plate to the nearest fertile Fucus plant was 
measured, giving an index of density 
of reproductive plants (Fig. 2.29). At the 0.5 MVD, the distance to the nearest 
reproductive plant was greater at the oiled site of all pairs during all time periods 
except one. At the 1.0 MVD three of the pairs had longer distances to the nearest 
fertile plant at the oiled sites during the first and third time periods. During the 
second time period only one pair showed a significant difference at the 1 MVD. 
There were no significant differences at the 2.0 MVD. 

DISCUSSION OF ALGAL STIJDIES 

The information gathered on Fucus size indicates that many larger plants 
were killeQ or removed by the oil spill and subsequent clean-up efforts. This 
result occurred only in the first two meters of vertical drop at sheltered rocky 
sites, showing that the effects of the spill were concentrated in the upper portion 
of the intertidal zone in this habitat, but ephemeral algae was also more abundant 
in the third MVD. At coarse-textured sites, the same result can be seen in the 
third MVD where algae are found. In addition, the number of reproductive plants 
and receptacles per quadrat had lower densities in the first two MVDs at oiled 
sites. The quality (length of plant and number of receptacles per plant) of 
reproductive plants at oiled sites differed from control sites. At oiled sites, 
reproductive plants were shorter and had fewer receptacles than at control sites. 
This result could be due to a larger proportion of relatively young reproductive 
plants at oiled sites. If this were the case, then the length and number of 
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receptacles would be expected to increase over time at the oiled sites as plants 
grow and produce more receptacles. No convergence of length and number of 

_ receptacles per_ plant can be seen in the data as would be expected if young
reproductive plants at oiled sites were growing larger. The difference in quality of 
reproductive plants has not changed over the three year sampling period, 
suggesting that reproductive plants at oiled sites were damaged. 

Lower percent coverage of Fucus at oiled sites was a result of the removal of 
large, reproductive plants. Fucus cover was lower at the same oiled sites and tidal 
levels where the density of large plants was reduced. The loss of the dominant 
alga also led to increases in the cover of weedy, ephemeral algal species such as 
Cladophora, Scytosiphon, and Enteromorpha. In Illany habitats, ephemeral 
species are indicative of recently disturbed areas where the competitive dominant 
has been removed (Lubchenco 1978; Sousa 1979). 

The CHIA studies (Highsmith et al. 1993) found similar results to those 
described above at least in Prince William Sound. They documented lower 
densities of reproductive Fucus plants as well as larger plants (12-17.5cm) on oiled 
sites. There were also fewer receptacles per plant and quadrat at oiled sites. 
Biomass and percent cover of Fucus and ephemeral algae also showed similar 
patterns to those described in this report. The percent cover and biomass of Fucus 
was lower at oiled sites, and the cover and biomass of ephemeral algae was. 
greater at oiled sites. These results occurred primarily in the first MVD in Prince 
William Sound. Thus large, mature Fucus plants were less abundant at oiled sites 
in the entire Prince William Sound area, resulting in lower percent cover and 
biomass of Fucus. Highsmith et al. (1993) also observed more attached ephemeral 
.algae and epiphytes on Fucus at oiled sites. Since epiphytes were classed with 
"ephemeral algae in this study, the greater abundance of ephemeral algae at oiled 
sites observed in this study applies over.the entire region. 

However, the general results described above were not uniform at all sites. 
Only two, the gently sloping pair 1231C/1231X and the vertical wall pair 
3811C/3611X, of the sheltered rocky site pairs sampled showed these patterns. 
The remaining site pair, the intermediately sloped pair 1732C/1732X, showed little 
or no effect of the oil spill. The variability between sites may be due in part to 
different clean-up treatments applied to the sites. Site 1732X was not treated to 
remove oil but sites 1231X and 3611X were treated (Table 1.1). Though the 
evidence is circumstantial, it is likely that clean-up efforts caused much of the 
decrease in Fucus canopy. First, observations of adult Fucus plants at heavily 
oiled sites suggest that Fucus may be able to withstand a fairly high degree of . 
oiling. Adult Fucus plants in other areas have also been observed to be tolerant of 
oiling due to non-adherence of oil to the thallus and blades of the plants (Crothers 
1983), making the plants resistant to the physical smothering of the plants by the 
oil. Secondly, where the Fucus canopy was removed, the rock was mostly clear of 
oil except for small amounts in cracks and crevices in the rock, and there were 
often holdfasts still attached to the rock indicating that Fucus was once abundant 
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(De Vogelaere and Foster 1993). There were also very few organisms present at 
these sites. These observations suggest that these sites were mechanically cleaned 
of oil in some manner. Finally, photographs of cleaning equipment in action have 
shown large amounts of floating Fucus within the containment boom during and 
after cleaning. These plants probably came from the rock being cleaned since the 
density of floating Fucus was visually much lower in surrounding areas. 

In order for Fucus to recover from the damages documented in the. Herri.llg 
--Bay-stu-die-s-,- plan:ts-m:u-st-settlea.s-eggs-an.<fdevero_p_Iiito -geniiifngs;-st!rnveto 
adulthood and, because of the short dispersal distance of Fucus eggs, become 
reproductive to continue local recolonization of impacted areas. As a result of the 
reduction of reproductive Fucus plants in oiled areas, fewer eggs were found to 
settle on oiled shorelines. ·The number of eggs settling on oiled beaches was much 
lower than on control sites at all tidal levels examined even two and three years 
after the spill. Differences were greater higher in the intertidal and were 
observed at six pairs of sites over two years. The density of reproductive plants at 
these sites was lower as shown by longer distances to the nearest fertile plants in 
1992. Because eggs rarely travel more than one meter from the parental plant 
and are much more abundant near the source plant (McConnaughey 1985), the 
lower settlement rates observed can be attributed to lower densities of 
reproductive plants. 

After recruiting on rock surfaces, germlings face a variety of challenges 
before reaching adulthood. In normal situations with a healthy canopy of Fucus, 
germlings are subjected to grazing pressures from molluscan herbivores such as 
limpets and snails. Although this study did not demonstrate any significant effect 
of herbivory on germling survival, there still may be significant grazing pressure 
on slightly older germlings. At very young stages (<1mm in length), germling 
recruitment may be driven more by whiplash, desiccation, heating, and settlement. 
As plants grow to greater than 1 mm, herbivores may become more important to 
germling survival due to higher plant attractiveness to herbivores due to increased 
energy per plant (Gaines and Lubchenco 1981). If this is true, then effects of 
herbivor,es will not be seen immediately but may be detected later in experiments. 
Germling surviv8l will be monitored in the herbivore experiment in spring 1993, 
allowing more definite conclusions about the role of herbivores on Fucus 
recruitment. Germlings may also be brushed off the rock surface by adult plants 
thrust back and forth by wave action (Table 2.4). Cracks and crevices in the rock 
surfaces may provide a refuge from both herbivory and whiplash (Lubchenco 1984, 
Fig. 2.22). Conversely, at oiled sites lacking a healthy canopy of adult Fucus and 
associated herbivores, gennlings are not subjected to strong herbivory or the 
whiplash effect of adult plants, but they are subjected to increased heat and 
desiccation stress (Table 2.3). In the Fucus canopy, desiccation is relatively low 
while outside of Fucus beds on exposed rock surfaces desiccation can be severe, 
especially in the high intertidal (Brawley and Johnson 1991). Experimentally, 
germling survival was found to be higher where desiccation stress was lower (Fig. 
2.20) and under the Fucus canopy (Fig. 2.24). Germling survival was also lower at 
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oiled sites, lacking Fucus canopy and subjected to severe heat and desiccation 
stress. Temperatures exceeding 43°C have been recorded for tiles placed in the 
high intertidal zone at oiled sites in Herring Bay. Although it appears that cracks 
and crevices can provide some protection from heat and desiccation stress, cracks 
alone are not sufficient to allow survival of young Fucus germlings. Germling 
survival is lower without Fucus canopy regardless of the presence of cracks. 
However, cracks do seem to provide protection from whiplash by adult plants and 
herbivory by allowing newly recruited germlings to grow to sizes (>0.5cm) more 
resistant to-these- mortality -sources before being-exposed to them (Lubclienc-o --
1984). Although germlings recruiting under Fucus canopy may face survival 
challenges in the form of herbivory and whiplash, the alternative of recruiting in 
areas without Fucus canopy seems to present more severe threats to future 
survival by heating and desiccation stresses. 

Growth rates of established Fucus plants during the 1991-1992 year were 
greater at oiled sites in the upper intertidal for all size classes of plants. This is 
probably a result of lower densities of Fucus plants, especially larger plants, at 
oiled sites resulting in reduced intraspecific competition for light, nutrients, or
space (Kendziorek and Stekoll 1984). Once germlings beccwne established at 
damaged sites, recovery can proceed rapidly due to growth rates of about 7 em per 
year. Plants at control sites only grew at a rate of about 3 em per year. 

Recovery of Fucus is evident at some oiled sites. For example, at the-
1231C/1231X site pair in the second MVD there were more germlings C0-2.0 em) in 
1990 at the oiled site. Later in 1990 and early in 1991 there were more small 
plants (2.5-5.0 em), in 1991 there were more medium plants (5.5-10 em), and in 
'1992 there was an increase of large plants at the site. Thus, over time the plants 
grew into successively larger size classes. Similar patterns were found at the 
vertical wall sites, 3811C/3611X, and the course textured site pair, 2333C/2333X. 
Recovery has begun in the upper intertidal at sheltered rocky sites but is 
proceeding more. slowly than in lower zones. The number of 5-10 em and >10 em 
plants has increased in 1991 (5-10 em) and 1992 (>10 em) at oiled sites in the first 
MVD to levels similar to control sites (Fig. 2.3, 2.5, 2.7). These increasesoccurred 
earlier in lower tidal levels. A similar pattern of recovery was seen in Bristol Bay 
when larger numbers of small plants were observed in plots cleared of Fucus 
(Kendziorek and Stekoll 1984). Predictably, as the number of plants at oiled sites 
increased, the percent cover of Fucus also increased, especially as the plants grew 
to larger sizes. 

Recolonization will be greatly inhibited by exposure to the terrestrial 
environment in the upper intertidal where Fucus canopy has been rei;Doved by the 
oil spill or clean-up activities. One method by which recovery may proceed in 
areas which have lost all Fucus plants in the high intertidal is expansion of Fucus 
beds from low in the intertidal and recruitment into cracks and crevices. As 
Fucus plants lower in the intertidal or in cracks grow to reproductive status, 
taking about 2-3 years at linear growth rates of 7.0 em per year, they will provide 
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both a source of eggs and protection from harsh terrestrial conditions for 
germlings. Desiccation will be reduced in areas immediately surrounding the 
Fucus canopy where adult plants cover the rock surface during low tides. The 
boundaries of Fucus beds can slowly expand as plants on the edges grow, become 
reproductive, release eggs, and provide shelter for newly settled gennlings. The 
rate of expansion can be estimated by considering that eggs do not usually travel 
more than 0.5 meter from the source plant and that it takes about 3-4 years for a 
plant to fully mature. Thus the expansion rate would be about 0.5m every 3-4 
years. 
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Fl/CUS RECRUITMENT TILES 
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Figure 2.1. Schematic diagram of a ceramic Fucus recruitment tile and the 
vexar cage used to manipulate herbivores. To control for cage effects the cable 
ties were left off of one end of the vexar cage such that that end of the cage 
was open to herbivores. 30 

ACE 10825346 



Schematic of Fucus Egg Settling Plate 
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Figure 2.2. Schematic diagram of a Fucus egg catcher plate. 
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Figure 2.3. The number of medium (5.5-10 em) and large (>10 em) Fucus plants at the 1231C/1231X site pair. 
The oiled site is represented by solid circles and lines, and the control site is represented by open circles and 
dashed lines. The upper 2 graphs are for the Hrst MVD, the middle graphs for the second MVD and bottom 
graphs for the third MVD. The error bars represent one standard error of the mean. The vertical dashed lines 
represent divisions between field seasons which ran from May (M on the x-axis) through August (A). Winter 
months are not represented on the graphs. Stars indicate statistically significant differences between oiled and 
control sites on the indicated sampling- date. 
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Figure 2.3. 
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Layout is the same as Figure 2.3. 



C;:) 

~ 

~ 
("\' 

m 

.... 
0 
(J) 

N 
Ul 
IJJ 
Ul 
Ul 

REPRODUCTIVE PLANTS 1732C/1732X 

5 

.. 
J 

........... 
2 

/f~ . . . .j 
Q. 'I p r•· I : • I I I I I I I I I I I • I I I I I 

5 
~ 
a: 
0 .. 
~ 
:;:) 

a J 
a: 
w 
Q.. 

2 
a: 
w 
m 
:IE 1 
:;:) 

z 
0 

10 

5 

0 

·~ 
M J J A 

1990 

:• 

M .J J A 

1991 
.M J ,J A M 

1992 

I I I 

I I I 
J J A 

19!~3 

100 

80 

60 

40 

20 

/ 
'· '• :: 

. .: ~ 

RECEPTACLES 
1 MVD 

. . r . . 
• 0 ~ • .... I ~ .. ·· ... 

' "# I . . . 
...... .... ·! ...... 

. . . . 
: \ . . 

0. p= ' ~I~ I I I I I I •• I I i I I I I • 

50 

40 

JO 

20 

10 

0 

100 

80 

60 

40 

20 

0 

M J J A 

1990 

; .. 1 ... f I .... 
'• •. 

M J J A 

1991 
M J J A 

1992 

2 MVD 

3 MVD 

M ,J ,J A 

1993 

Figure 2.10. The number of reproductive Fucus plants and receptacles per quadrat at the 1732C/1732X site pair. 
Layout is the same as Fi!rure 2.3. 
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Table 2.1. The dates of initial seeding, shipment to Herring Bay, and deployment in 
the field for the petri dishes (Petri 1 and Petri2) and ceramic tiles (Tiles) used for the 
Fucus germling growth and survival studies. 

Plate Initial Ship to Deployment 
~~t s~~Q.ing l::I~t::t:ing ~sa:l:: in f:i~J.Q. 
Petri1 28 March 1991 2 May 1991 4 May 1991 
Petri2 3 May 1991 30 Ma_y .. 12_9_1_ 1_ June __ 19_9_L 
Ti-lesl 3 o Ma:Y-199~r 26 June 1992 4 July 1992 
Tiles2 3 June 1992 26 June 1992 4 July 1992 
Tiles3 6 June 1992 26 June 1992 4 July 1992 
Tiles4 13 June 1992 26 June 1992 4 July 1992 
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Table 2.2. The mean and standard error (in parentheses) of the number of plants 
collected, wet weight of receptacles, number of eggs released, and percent of eggs 
viable for the Fucus reproductive potential arid· egg Viability and the floating Fucus 
fertility studies. Asterisks indicate a statistical difference (p<0.05) between oiled and 
control sites or attached and drift plants. 

NUMBER OF PLANTS COLLECTED AT SHELTERED ROCKY SITES 

1 MVD Control 
Oiled 

2 MVD Control 
Oiled 

3 MVD Control 
Oiled 

WET WEIGHT OF 

1 MVD Control 
Oiled 

2 MVD Control 
Oiled 

3 MVD Control 
Oiled 

Attached 
Drift 

NUMBER OF EGGS 

1 MVD Control 
Oiled 

2 MVD Control 
Oiled 

3 MVD Control 
Oiled 

Attached 
Drift 

TIM:!;; 1 l:IMJ:; 2 
8.0(2.0) 11.3(0.3)* 
4.0(2.5) 2.7(0.7) 

11.7(0.3) 11.7(0.3) 
5.7(2.9) 5.0(2.5) 
9.3(0.3) 10.0(1.5) 
8.0(1.5) 6.3(0.9) 

RECEPTACLE 

0.34(0.06) 0.63(0.09) 
0.33(0.13) 0.70(0.20) 
0.36(0.05) 0.99(0.11) 
0.41(0.07) 0.61(0.17) 
0.54(0.08) 1.02(0.14)* 
0.43(0.05) 0.59 (0.08) 

0.43(0.04)* 0.88(0.07)* 
0. 83 ( 0. 13) 1.78(0.49) 

RELEASED PER RECEPTACLE 

1202.88(1182.11) 
36.6(25.34) 

235.02(134.82)* 
2494.44(1375.55) 
293.30(88.18) 
1420(719~_60) 

520.77(329.91) 
366.25(227.46) 

1292.24(1169.87)* 
2 8 6 ~-1 7 ( 13 4 . 8 9 ) 

2775.72(1239.04) 
703.66(.570.41) 
380.67(121,52) 
892.48(272.33) 

1540.46(598.15) 
791.72 (505.90) 

PERCENT OF RELEASED EGGS WHICH ARE VIABLE 

1 MVD control 15.9(6.7) 42.9(8.5) 
Oiled 10.6(8.3) 36.9(17.1) 

2 MVD Control 18.1(6.3)* 51.3(7.7)* 
Oiled 42.0(10.0) 22.6(9.9) 

3 MVD Control 33.4(7.3)* 28.9(7.7) 
Oiled 67.8(7.6) 21.4(6.1) 

Attached 22.4(4.0) 41.6(4.7)* 
Drift 33.4(7.3) 13.8(5.1) 

60 

(N=3) 
~IM~ 3 

11.3 (0 .3) * 
2.7(1.2) 
9.7(0.9) 
3.7(1.7) 
6.7(0.7)* 
3.0(1.2) 

0.83(0.09) 
0.79(0.40) 

0 . 9 6 ( 0. 13 ) * 
0.38(0.08) 
1.02(0.17) 
0.54(0.21) 

0.92(0.07)* 
1.49(0.16) 

2761.82 (1047. 51) 
331.09(256.28) 

1178.16(775.85) 
591.69 (442.48) 
137.76(29.70) 
72.47(33.65) 

1576.19(516.27) 
2728.99(1168.43) 

100.0(0.0). 
100.0(0.0) 
100.0(0.0) 
100.0(0.0) 
100.0(0.0) 
100.0(0.0) 

100.0(0.0) 
38.1(7.3) 
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Table 2.3. The average desiccation rate of cotten balls (grams of water lost per hour) 
in the first MVD at oiled and control sites (N=l2). 

OILING 
Oiled 
Control 

MEAN 
0.228 
0.103 

S.E. 
0.021 
0.026 

F-Ratio 
20.918 

P-yalue 
0.000 

Table 2.4. The average density of Fucus gennlings on petri dish plates subjected to 
whiplash from adult plants for two weeks and on plates without whiplash (Control). 
The starting densities for all plates were similar to the ending value for the control 
plates. 

Treatment 
Control 
Whiplash 

MEAN 
77.45 

0.73 

~ 
7.90 
0.32 

1£ 
5 

T-Value 
9.694 

P-yalue 
0.010 

Table 2.5. The mean and standard error (in parentheses) of the percent survival of 
seeded gennlings and the number of new recruits on unseeded tiles at two tidal 
levels in the presence and absence of herbivores and on tiles with no cage. There 
were no statistical differences, but the data had unequal variances, violating the 
assumptions of the three-way ANOVA. 

PERCENT SURVIVAL OF GERMLINGS ON SEEDED TILES 
+H5B.as -H5B.as :t:IQ ~AG5 

1 MVD Control 218.60(150.50) 30.70(17.40) 15.59(13.34) 
Oiled 11.98(9.62) 27.80(15.63) 3.92(3.91) 

2 MVD Control 12.11(9.69) 20.83(2.12) 35.02(20.82) 
Oiled 3.17(1.42) 13.65(5.88) 13.34(6.24) 

RECRUITMENT OF NEW GERMLINGS ONTO UNSEEDED TILES 

1 MVD Control 502.55(340.98) -687.67(180.72) 1557.95(216.66). 
Oiled 495.57(123.16) 819.36(321.32) 1048. 07 ( 141.44) 

2 MVD Control 609.55(205.08) 980.66(380.17) 632.31(366.69) 
Oiled 1124.02(243.62) 244.11(84.13) 1053.72(433.11) 
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CHAPfER 3. INVERfEBRATE STIJDIES 

INIRODUCI10N TO INfERIIDALI~Y.ERfEBRATE STUDIES 

Part of the intertidal monitoring and experimental study in Herring Bay 
was initiated to document the potential impact of Exxon Valdez oil on intertidal 
invertebrates. The study design involved the selection of oiled and control sites as 
outlined in Chapter 1. Sediment samples for hydrocarbon analysis were collected 
and analyzed as outlined below to document differences in hydrocarbon 
concentrations between control and experimental sites. In addition, experiments 
were designed to test the effects of oil on recruitment and survival of major 
invertebrate taxa at the various sites. A brief outline of the rationale for the 
various experiments is presented below. The experimental designation is given in 
parentheses. 

Some oiled locations in Herring Bay had heavy accumulations of dried tar, 
especially in the upper intertidal zone, where desiccation and baking by sunlight 
created an asphalt-like condition. The asphalt material may affect recruitment by 
altering the settlement substrate. The effect of oiled substrates on settlement 
success was tested by coating control and experimental surfaces with oil and 
documenting differences in settlement at control and experimental sites (Oiled 
Rockfrile Study). In addition, a· study was initiated to determine the effects of a 
tar layer on settlement and post-settlement survival of barnacles (Barnacle 
Recruitment Study) by comparing recruitment on tarred areas to that on cleaned 
areas within the tarred substrate and untarred control sites. 

In 1989 and 1990, the Coastal Habitat Study showed an increase in the 
abundance of,mussels at oiled sites. The increases may have been due to 
preferential settlement on certain species of filamentous algae (Dayton, 1971; 
Suchanek, 1978; Peterson, 1984) which had evidently colonized oiled sites. 
Therefore, supplemental experiments on floating tiles were designed to examine· 
the sequence of settlement in clean surfaces, not subjected to predation by 
intertidal echinoderms and mollusks (Settlement Patterns). In addition, mussel 
recruitment at oiled and control sites was monitored on quadrats with algae and 
quadrats cleared of algae and fenced to exclude predators (Mussel Recruitment). 

Recruitment of species with planktonic dispersal stages into impacted areas 
was expected to occur more quickly than that of species with direct development. 
The periwinkle, Littorina sitkana, the dog whelk, Nucella spp., and the six-armed 
starfish, Leptasterias hexactis, were selected for abundance and recruitment 
studies because they do not have a swimming dispersal phase in their life 
histories, and would probably recover slowly if oil or shoreline treatment reduced 
their populations (Population Dynamics of Selected Invertebrates). Limpets, 
which do have a planktonic larval phase in their life history, were chosen for 
study because of their likely importance as grazers in the community. Potential 
differences in algal grazing by limpets, algal recolonization rates and limpet 
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survivorship on oiled and control sites were examined using fenced and caged 
enclosures (Grazing by Limpets). Since pop'll..l~_tion monitoringofJimpets in1990 
aridT991 indicatedtllat Tectura persona populations were reduced more than 
Lottia pelta on oiled sites, a special study was initiated to determine if grazing 
intensity differed between the two taxa (Tectura persona and Lottia pelta Grazing 
Study). 

The methods of each experiment a,re de!3CJ:i.b~din d~tail under the . 
expenment --designation. . . . . . . 

INVERfEBRATE METIIODS 

Population Dynamics of Selected Invertebrates 

Five site pairs were selected for population dynamics studies in 1990. 
Replication with site pair design was strengthened by adding one additional 
protected rocky site pair and one coarse-textured oiled beach in 1991, for 
comparison to an existing control site. Four additional protected rocky site pairs, 
originally established in 1990 for general site characterizations, were added to the 
list of sites for population dynamics studies in 1992, because their treatment 
history and orientation within Herring Bay made them good additions for 
long-term monitoring . 

. The permanent quadrats established for Fucus population studies (see 
Chapter 2) were also used to measure invertebrate densities. Nine quadrats were 
.established oil each site added in 1992. Within each permanent quadrat, all 
1,J,:impets, Nucella spp., Littorina sitkana and Leptasterias hexactis were counted. A 
1.0 m radius semicircle centered on the left side of the quadrat was marked off, 
the distance to the nearest specimen of the above species within the semicircle 
was measured and recorded, and size measurements were made on these 
specimens. For limpets, shell length and width were recorded. For littorines and 
Nucella, length of the shell from apex to tip of siphonal canal was measured. For 
Leptasterias hexactis, the arm-tip to arm-tip diameter of each seastar was 
recorded. Examination of the quadrats continued through 1992. 

Sediment Hydrocarbons 

Sediment samples for hydrocarbon analyses were collected in 1990 and 1991 at 
seven oiled and control site pairs. Samples were collected from a 1 m radius to 
the left of study quadrats, using the EVOS SOP for sediment hydrocarbon 
sampling. The sediment samples were sent to NOAA's Auke Bay Laboratory for 
analyses. Sampling for sediment hydrocarbons was discontinued after 1991. 

63 ACE 10825379 



Barnacle and Fucus Recruitment 

During 1990, barnacle recruitment studies were done at two oiled (1641A 
and 1342D) and two similar control sites (1641B and 1642C) (Fig. 1.1). All sites 
included vertical rock faces occupied by barnacles, however, only the remains of 
tests were present on portions of heavily oiled and treated sites. Barnacles 
occurring in high densities included Balanus glandula and/or Semibalanus 
balanoides. 

A series of 10 X 10 em paired study plots was positioned on the vertical rock 
face at each site as follows: the length of each site was measured, and the number 
of plots divided into the site length producing segments. A random number was . 
used to determine the position of the first plot within the first segment, and 
subsequent plots were spaced equal distances apart along the site. One member _ 
of each pair was scraped and brushed to remove all visible tar (or barnacles in the 
case of control sites). A coin was flipped to determine which member of the first 
pair to scrape. The subsequent scraped· plots were then alternated. The sites 
were periodically examined for settlement of barnacles and Fucus germlings. 
Each 100 cm2 area was also photographed. 

Two site pairs were added to the study in 1991: 1443C and 1343X; 1544C 
and 1544X. Two additional oiled sites, 1645X and 17 46X, were matched with 
control site 1641B (Fig. 1.1B). The experiment was also modified by adding grazer 
exclusion cages, assigned at random, to half of the study plots. The cages were 
constructed of 4 mm mesh stainless steel hardware cloth, and were glued to the 
vertical rock surface using marine epoxy. The mesh size of the hardware cloth 
excludes most limpets and littorines, with the exception ofjuveniles less than 
4mm width, which were removed by hand during each site visit. 

Oiled Rock/llle Study 

In 1990, three pairs of oiled and control sites were selected for a 
recruitment study involving transplanting oiled substrates: sites 1221C and 
1221X, 1222C and 1322X, 1723C and 1723X (Fig. 1.1a.). The substrates consisted 
of 72 rocks retrieved from an oiled shoreline in Herring Bay. These rocks 
represented a substrate coated with 1 year old Exxon Valdez Crude (EV). The 
rocks were separated with aluminum foil during transport to prevent contact with 
one another. 

Eight of the rocks, selected for oil weathering analysis, were loosely covered 
and stored at ambient temperature. One-half of each ·of the remaining 64 rocks 
was thoroughly cleaned with methylene chloride (MeC12) to remove the oil and 
allowed to dry. That portion of each rock with the least irregularity was used as 
the sampling surface: The rocks were marked with a unique identification 
number, measured for total length, length of the cleaned and oiled sides, and 
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photographed. AE a control for possible effects of MeC12 on recruitment, half of the 
"top" of six unoiled rocks was "cleaned" with the solvent (one rock per site). 

An additional 72 rocks were collected from a similar, but unoiled, beach. 
Half of each rock was dipped in fresh Prudhoe Bay crude (PB) until a "tarred" 
coating was achieved, they were allowed to dry for several weeks and handled 
identically to the EV rocks. 

- -Seventy-two white--clay tiles-were·included.-in-the expenmenf as a-control -
on surface heterogeneity. Half were coated with fresh PB oil and the others were 
not treated. Oiled and clean tiles were placed side-by-side in the field as paired 
units. In early June, 1990, 12 EV rocks, 12 PB rocks and 6 tile pairs were 
placed randomly at 2 m below MHHW on each of the six experimental sites (Fig. 
3.1A). An oiled rock to document oil weathering and a MeCl2 control rock were 
also placed at each site. Barnacle and macroalgal populations on each surface 
type were recorded in the field at approximately two week intervals as follows: the 
edge of a 3 em X 3 em quadrat was placed at the midpoint of the line separating 
the oiled and unoiled portions of the rocks or at the upper right comer of the tiles. 
Individuals within the quadrat were counted, identified to species when possible, 
and the quadrat was photographed. On three occasions (mid-summer 1990, early 
Jail 1990, and mid-spring 1991) two EV and PB rocks were removed and their 
populations assessed in the laboratory using dissecting microscopes. 

Samples to document ~anges in the chemical composition and thickness of 
the oil coatings on the rocks and tiles were collected as follows: a 3 X 3 em area on 
the "weathering" rocks oiled with EV and PB was sampled by MeCl2 extraction 
using a pre-weighed absorbent material, which was then placed in a pre-weighed 
-vial. Each vial was opened and stored at room temperature until dry, the 
absorbent material was then reweighed, the sample vials were then refilled with 
MeCl2, and refrigerated (approximately 4° C) for gas chromatography/flame 
ionization detection analysis (Brumley, et al. 1968). 

Nine new, red clay tile pairs were added to each study site in 1991. Six of 
the pairs consisted of a tarred and a clean tile, half of which were enclosed by 4 
mm mesh stainless steel cages to exclude grazers. The remaining three pairs 
consisted of a clean tile and a tile painted black (rather than oiled) as a control for 
dark coloration and possible temperature differences (Fig. 3.1b). All tiles were 
placed randomly at MVD2. In addition to the nine tile pairs, a single oiled tile 
was added to each site and periodically wiped with MeC12 solvent as described 
above to sample for weathering. Different comers were wiped on each sampling 
date to avoid resampling a previously wiped surface. All wipes were preserved 
and stored for analysis as described above. 
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Mussel Recruitment 

Two pairs of oiled and control sites with mussel populations were selected 
for mussel recruitment studies: sites 1361C and 1361X; 1362C and 1362X (Fig. 
l.lB). Six transects were randomly established at each site and four 25 X 25 em 
plots were placed at 1.6 m below MHHW at 1m intervals across each transect. 
Two plots on each transect were cleared of all algae; the remaining plots were 
marked with screws at the corners, but left uncleared. A 10 em high fence of 4 
mmmeshstainless steel hardware clothwas-installedai"oundthe edgeofeach 
cleared plot. The densities of limpets and littorines were counted in the fenced and 
unfenced plots twice weekly, and grazers were removed from the fenced plots to 
allow filamentous algae to grow. Limpet and littorine densities were compared 
between sites and between treatments, to test for efficiency of the fences in 
excluding grazers. The sampling was done throughout the 1991 field season and 
in the spring of 1992. · 

Sampling of algae and juvenile mussels in the plots was done as follows: a 
grid of 625 1-cm squares was placed over each plot, ten squares were randomly 
selected and a 1 cm2 "plug" of filamentous algae was extracted from each of the 
ten squares. Juvenile mussels were counted in three of the ten subsamples With a 
dissecting microscope and the coefficient of variance (CV) was calculated. If the 
CV was greater than 0.10, an additional sample was sorted and the CV 
recalculated until a CV of 0.10 was achieved or all ten· samples processed. 

Settlement Patterns 

Five fleating settlement sites were randomly selected from the lower half of 
Herring Bay using segment maps at a scale of 1:24,000. The sites correspond to 
segments 5012, 122, 145, 125 and 133. The center of each segment was located in 
the field, the main habitat was identified and three transect heads were randomly 
selected along the length of the main habitat type. Settlement stations were 
anchored off the head of each transect in water of 8-10 m depth at high tide, and 
settlement plates were suspended 1 m below the surface. Each settlement station. 
held 12 tiles made from marine epoxy and _a preweighed Plaster-of-Paris 
hemisphere to estimate relative current speeds at the various stations. The 
hemispheres were removed, weighed and replaced several times during the season. 
One tile was removed every week for twelve weeks and examined under a 
dissecting scope for settlement. 

Grazing By limpets 

Three studies were designed to examine differences in algal grazing by 
limpets between oiled and non-oiled sites, algal recolonization rates, and 
survivorship of limpets. Four pairs of oiled/control sites with heavy Fucus 
cover were selected for the first study and eight 25 X 25 em fences, consisting of 4 

·mm. mesh stainless steel hardware cloth, were installed with marine epoxy at two 
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elevations (contours in the figures and tables), making a total of 16 enclosures per 
site (Fig. 3.2). The upper experimental elevation, located 1 m below the upper 
edge of the Fucus-zone (about 1 MVD), was selected at the control sites first, 
because treatment by Exxon caused extensive loss of Fucus in the upper zones at 
oiled sites (Houghton et al. 1991). The upper experimental elevation at oiled sites 
was located at the same MVD as the corresponding control site and verified by 
evidence of Fucus holdfast remains, consisting of basal discs or "skeletonized" 
stipes on the rocks. The lower experimental elevation was located in an algal zone 
dominated by a species other than Fucus (i.e. Cladophora) (2-2.5 MVD). During 
cleanup operations Exxon treated shorelines only to the mid-intertidal, above the 
"green zone" (ADEC unpublished shoreline assessment forms, 1989). Therefore, 
the lower experimental elevation was located on oiled sites at the top of the green 
zone, where impacts from treatment activities were observed, and the lower 
experimental elevation at control sites was located at the same MVD as that on 
the corresponding oiled site. 

Placement of the first fence at each elevation was determined randomly, 
and subsequent fences were evenly spaced throughout the workable length of the 
site. A small band outside of the 625 cm2 area was scrubbed clean so the marine 
epoxy would adhere to the substrate, and the fences were attached and allowed to 
stabilize for approximately two weeks prior to beginning the experiment. Small 
inward-pointing lips were attached to the fences and large Fucus gardneri plants 
inside and outside the fences were trimmed back to prevent the limpets from 
entering or escaping. 

Three sampling transects were randomly established to determine the 
average limpet densities at different MVDs on ten different sites in Herring Bay. 
The methods were identical to those employed for the population dynamics study, 
mean limpet density in a 625 cm2 area was estimated and used to determine 
stocking densities in the limpet fences. 

Limpets, 10-15 mm in length, were collected from locations well away from 
the study sites and tagged using ID numbers written in indelible ink on 
placticized paper attached to the shell with fingernail polish. They were then 
weighed, measured (shell length), and sorted by size and species into groups 
approximately equal to the previously determined mean number per 625 cm2 (X). 
All algae inside half of the fences was removed, sorted into filamentous and Fucus 
categories, and wet and dry weights were measured. The limpet groups were held 
for up to two days and randomly placed at different densities inside the fences 
according to treatment. Treatment densities were half, twice and equal to the 
mean CX/2, 2X and X respectively) (Fig. 3.2). Limpet populations and algal cover 
inside the enclosures were monitored weekly. Percent cover of algae within each 
enclosure was determined using a random point method. Percent cover of Fucus 
gardneri was recorded separately from other macroalgal species because it 
dominates the canopy but not the primary substrate in most cases. At the end of 
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the experiment all surviving limpets were retrieved and any remaining algae was 
collected for wet and dry weights. 

A second experiment was set up using cages (fences with tops) to better 
retain limpets and exclude predators. Three sheltered rocky site pairs were 
selected ahd eight cages per site were randomly placed in algal beds at 2 MVD as 
outlined above. Five hundred and four 10-15 mm long limpets of identical species 
composition to those found at the second MVD were collected, sorted and 
distribu_ted_into cages as _described aboYe_for the _fence-experiments,- with-the 
exception that tagging which was done with 5 mm long plastic tags glued to the 
shells with orthodontic cement. The cages were examined immediately after the 
first tidal cycle, and all dead limpets were replaced with freshly tagged specimens. 
Limpet and algal abundance in the cages was ~;ubsequently monitored weekly as 
described above for the fencing study. Limpet fencing and caging experiments 
were discontinued in 1991 due to high limpet mortality. 

An alternative series of experiments was set up in 1991 to examine limpet 
survivorship and growth between oiled and control sites with. and without Fucus 
canopy. Six EVOS shoreline segments on oiled and control sites in the northern 
half of Herring Bay were randomly selected and paired as closely as possible by 
physical characteristics and orientation. The main habitat type along each of the 
segments was identified and measured at approxim~tely MHHW. The ends of
each site were permanently marked with stainless steel screws. Eight positions 
were randomly selected along each site length and permanent screws with tags 
were anchored to the substrate at 1.5 MVD below each position. Ten limpets 
greater than about 8 mm length occurring within a 1-m diameter circle of each 
screw were measured (length and width), and marked with small plastic tags 
attached to the shell with super glue gel. The position of each tagged limpet 
relative to the center marker was recorded. The first plot on each site was 
randomly selected as a control or treatment plot and all Fucus within 1 m of the 
center tag were then removed from alternate plots along each site by cutting off 
the plants at the base of the stipe. After approximately one year, the remaining 
tagged limpets were collected, weighed and the shell length and width measured. 

Tectura persona and Lottia pelta Grazing Study 

This experiment was designed to detect differences in grazing intensity and 
vulnerability to· oil by Lottia pelta and Tectura persona. 

Sixteen cages were constructed with 500 cm2 Plexiglas plates for the floors, 
10 em high walls of 4mm mesh stainless steel hardware cloth and a cover. A grid 
of one hundred squares was etched into each Plexiglas plate to standardize 
estimates- of percent algal cover. Eight of the sixteen plates were oiled with North 
Slope crude and allowed to weather for approximately 10 days, thus produci~g a 
tar-like coating. The cages were randomly anchored at l_MVD on a site 
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supporting both Lottia pelta and Tectura persona, and allowed to foul for about 
three weeks. 

Lottia pelta and Tectura persona were then collected from the site, weighed, 
measured, and marked using plastic tags attached to the shells with super glue 
gel. Based on previous density estimates, seven specimens of each taxon were 
randomly placed in each oiled or unoiled cage, depending on the species, thus 
producing four oiled and four unoiled treatments for each species. The percent 
algal cover and limpet-survivorship in each cage were-monitored during the 1992 
field season. The surviving limpets were reweighed, remeasured and returned to 
the cages at the end of the season; limpets which had died during the summer 
were replaced so the experiment could be continued in 1993. 

INVERI'EBRATE RESULTS 

Population Dynamics of Selected Invertebrates 

The 1992 quadrat data for each site pair on each sample date were analyzed 
according to the statistical procedures outlined in Chapter 2. The means, 
standard errors and significance levels for all sites are presented in Figures 
3.3-3.47. Species with low frequency (i.e., Nucella spp., Leptasterias hexactis and 
Tectura scutum) were analyzed using a randomization test (Manly 1991). A 
repeated measures analysis of variance was used to compare sites over the three 
year period. Because only two dates were sampled during the 1992 season, two 
similar dates from 1991 and 1990 were selected for use in the summary analyses. 
These results were used in conjunction with the t-test results to gain an 
·understanding of temporal changes. 

In general, Tectura persona densities have remained significantly higher at 
control sites during the- three-year study period, especially at MVD 1 (Table 3.1; 
Fig. 3.3-3. 7). _T. persona is common in the mid- and upper-intertidal zones in 
sheltered .rocky and coarse textured habitats but less abundant at MVD 3, except 
in coarse-textured habitats where it is reasonably common (e.g., site pairs 2333, 
2834, and 2337). Similar trends were observed at the four site pairs added in 
1992 (1221, 1222, 1411, 1713) (Fig. 3.10-3.13). T. persona densities were -
significantly lower (ps;0.04) in MVD 1 on both sampling dates at two of the oiled 
sites (1411 and 1713); differences were non-significant (p<0.17) but perhaps 
suggestive at the remaining site pairs. 

Lottia pelta is distributed lower in the intertidal than T. persona and is 
usually most abundant in MVD 2 and 3 (Table 3.1; Fig. 3.14-3.20). It may have 
suffered less impact than T. persona, since consistent differences in abundance on 
control and oiled beaches were lacking, with abundances occasionally significantly 
higher on oiled beaches as well as control beaches (Fig. 3.14-3.24). L. pelta 
abundances at the four site pa1rs established in 1992 (Fig. 3.21-3.24) were 
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generally greater at control than oiled sites, but only significant in one case (Fig. 
3.21). 

A third limpet species, Tectura scutum, was rare in the first MVD but 
present in mid- and lower-intertidal zones (Fig. 3.25-3.35). However, its density 
was much lower than that of T. persona and L. pelta and no significant differences 
in the abundance ofT. scutum were observed between any of the site pairs. 

The periwinkle Littorina sitkana showed a variable response to EVOS. 
Densities tended to be lower at MVD 1 and/or MvD 2 at three of the five site pairs 
sampled in 1990 (Figs. 3.36-3.40) but consistent patterns were absent in 1991 and 
1992 (Table 3.2; Fig. 3.36-3.46). Substantial impact on L. sitkana from EVOS 
could not be consistently detected after 1990. 

The dog whelk, Nucella lamellosa, was present in sufficient densities for 
statistical comparison at one (1732) of the seven site pairs (Fig. 3.4 7). There were 
no statistically significant differences in densities between sites. The other direct 
developers, Nucella lima and Leptasterias hexactis, were either absent or not · 
abundant enough for meaningful statistical analyses. 

Sediment Hydrocarbons 

Hydrocarbon data for 1990 and 1991 were provided by NOAA for most sites 
(Table 3.3). Samples were not collected at some sites on some sample dates 
because sediment was scarce within the rocky substrate. For each site, samples 
collected within each MVD were pooled for analyses. The hydrocarbon analyses 
employed HPLC coupled with UV Fluorescence (Krahn et al. 1991), which 
produces only semi-quantitative results (compared to GC/MS). However, relative 
ranking of sediment hydrocarbons was possible, using an index calculated by 
subtracting the integrated peak measured at phenanthrene wavelengths from the 
integrated peak measured at naphthalene wavelengths (C.Manen, personal 
communication). The hydrociu-bon concentrations were significantly higher at 
oiled sites in both years (p<0.002, Mann-Whitney U-test for pooled control versus 
oiled sites, Table 3.4) and tended to be highest in the upper intertidal zone. The 

·indices decreased by 40-60% at oiled sites from 1990 to 1991, suggesting 
hydrocarbon concentrations were decreasing over time. 

Barnacle and Fucus Recruitment 

Recruitment data were analyzed using a paired t-test between plots within 
each site (Fig. 3.48-3.58; 3.62-3.65; 3.67-3.70; 3.72-3.82). Analysis of variance was 
used to compare like treatments between oiled and control sites as well as the 
effects of caging (Fig. 3.59-3.61; 3.66, 3. 71, 3.83-3.85). 

There was a pattern of significantly higher barnacle recruitment on scraped 
plots at control site 1641B in 1990 and on caged scraped plots at oiled site 1645X 
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in 1991 (Figs, 3.48, 3.57). Recruitment was also higher on unscraped caged plots 
at site 1642B in 1991 (Figs. 3.54, 3.57). No consistent patterns of significant 
differences were observed at the other sites and treatments (Fig. 3.48 - 3.58). 
Barnacle recruit densities were significantly higher on scraped plots at control 
sites compared to oiled sites until late June, 1990 (~0.05, ANOVA; Fig. 3.59). 
Barnacle recruit densities were significantly higher on unscraped control plots 
compared to unscraped oiled plots for a brief period in mid-season, 1990 (Fig. 
3.59). The density of barnacle recruits was significantly greater on uncaged 
unscraped and scraped plots at oiled sites on 4 and 5 of 10 sample dates, 
respectively, (pS 0.047, ANOVA; Fig. 3.60). Barnacle densities were significantly 
greater on caged scraped and unscraped plots at the oiled sites for a number of 
sample dates, especially in scraped plots (0.0007SpS0.05, ANOVA). Density 
differences between caged and uncaged scraped plots were significant on two dates 
during a settlement pulse from late-June to early-July (pS0.04, ANOVA), and were 
not significant at any other time. 

In 1992, recruitment was variable between scraped· and unscraped plots, 
with no overall trend exhibited (Fig. 3.48-3.58). However, in May, densities of 
recruits were significantly greater at the control sites for all treatments (i.e. 
scraped, unscraped, caged and uncaged) compared to the oiled sites (pS0.05, 
ANOVA; Fig. 3.61). Later in the season, this trend reversed in favor of the oiled 
sites. Overall densities were much lower in 1992 than in previous years. 

Semi balanus, Balanus, and Chthamalus dalli adults in scraped and 
unscraped plots were counted in 1992 (Fig. 3.62-3.65). Adult barnacles are 

·. individuals that successfully recruited into the plots sometime during the course of 
the study and survived to 1992. There was a consistent pattern of higher average 

.. abundance of adult barnacles on unscraped as opposed to scraped plots at control 
sites because individuals alive before the spill were still present. Average 
densities of adult barnacles were consistently higher on uncaged, unscraped plots 
at two oiled sites (1342D and 1746X, Figs. 3.62, 3.63), where many of the 1991 
recruits apparently survived to 1992. Oiled sites had significantly greater adult 
densities on all four sample dates on uncaged, unscraped plots (0.009SpS0.04, 
ANOVA), and three of four sample dates on uncaged, scraped plots (0.004SpS0.01; 
Fig. 3.66). No significant differences were observed between average adult 
barnacle abundances on the caged, unscraped plots at oiled and control sites. 
Caged, scraped plots had significantly greater adult densities at the oiled sites on 
all sample dates (0.001SpS0.01, ANOVA). Adult densities on scraped plots were 
significantly higher in cages on three of the four sample dates, and were 
significantly greater on unscraped plots by the end of the 1992 season 
(0.00 1SpS0.04; Fig. 3.66). 

The densities of adult Chthamalus dalli tended to be higher, and in a few 
cases were significantly higher, in most scraped, caged and uncaged plots at oiled 
sites (Fig 3.67-3.70). C. dalli :was significantly more abundant on uncaged plots at 
oiled sites on all sample dates (pS0.01, ANOVA; Fig. 3.71). 
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Fucus gerinling densities were consistently higher at all control sites for all 
treatments in all three years (Fig. 3. 72-3.82). In 1990, unscraped plots at control 
sites had significantly greater densities of Fucus germlings compared to oiled sites 
on 20 of the 32 sample dates (pS0.05, ANOVA; Fig. 3.83). Fucus germling 
densities on scraped plots were significantly greater at the control sites on 11 of 
the 33 sample dates (pS 0.05, ANOVA), however, germling densities were lower in 
scraped plots than unscraped plots at control sites suggesting the importance of 
microhabitat features in Fucus recruitment~ · 

In 1991 Fucus germling densities remained higher in the control plots, and 
most were significantly greater from mid-July through August (pSO.Ol, ANOVA; 
Fig. 3.84). The only apparent difference between caged and uncaged treatments 
was observed on the last sampling date, when germling density was significantly 
greater in caged than uncaged, unscraped plots. 

Fucus germling densities in 1992 were greater at control than oiled sites, 
especially in caged plots (Fig. 3.85; p<0.006). The scraped, uncaged treatments had 
significantly higher densities at control sites on two of the four sample dates 
(pS.05; Fig. 3.85). 

, . 

. Densities of grazers (limpets, Littorina sitkana, and L. scutulata) tended to 
be significantly higher at control than oiled sites in 1991 (p<0.05, ANOVA; Fig. 
3.86 and 3.87). Grazers were not sampled in 1992. 

Oiled Rockillle Study 

Comparisons were made using a paired t-test between oiled and unoiled 
halves of rocks and oiled and unoiled tile pairs. Settlement was not analyzed 
between sites, as only two oiled sites were consistently colonized over the 
three-year period (Sites 1322X & 1723X). 

The rocks deployed in 1990 were weathered and dislodged from the 
substrate during the winter of 1990-91. The oil was completely weathered from ·· 
the surface of many of the rocks; others could not be located and sampled in 1991. 
During 1990, the oiled halves of EV and PB rocks had consistently fewer barnacle 
recruits but differences were only significant on a few dates (Fig. 3.88). In 
general, there was little recruitment late in the season. There were no significant 
differences in the number of barnacle recruits on the surface of control rocks 
cleaned with methylene chloride and oiled surfaces on the same rocks (0.35<p<0.9) 
for nine sample dates (data not shown). No Fucus germlings were recorded on any 
rocks in 1990. 

There was sparse settlement on the tile pairs placed at control sites in 1991 
(Table 3.5). There were few differences in barnacle recruits, Fucus germlings or 
percent algal cover and no apparent trends. Sites 1322X and 1723X, which had 
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good recruitment in 1990, also had substantial recruitment activity in 1991. 
Although there tended to be higher numbers of recruits on unoiled tiles and the 
highest numbers ofrecruits occurred on uncaged tiles, there were few significant 
differences due to high variability. The clean and painted tile pairs had similar 
levels of barnacle and Fucus recruitment. Filamentous algae did not begin to 
colonize on the 1991 tiles until late September. 

Barnacle recruitment in 1992 was substantially lower than in 1991 and 
patterns were not evident (Table 3;6). Low numbers of large -barilaeles on the tiles 
(Table 3.7.) indicate very few recruits reach adult sizes. Chthamalus dalli (Table 
3.8) tended to recruit better on oiled tiles in caged treatments and on unoiled tiles 
in uncaged treatments at sites .1322X and 1723X, though differences were usually 
not significant. C. dalli densities were not significantly different on painted and 
unpainted tiles. 

In 1991, Fucus did not recruit on uncaged or painted tile pairs and only 
began to recruit on caged, clean tiles at the end of the season (Table 3.9). Again, 
in 1992 there was almost no Fucus recruitment on uncaged or painted tile pairs 
(Table 3.10). Recruitment tended to be higher in the caged treatment on clean 
tiles and, except for site pair 1222C/1322X, there was a slight tendency for higher 
recruitment at control sites. 

Percent algal cover on white clay tiles placed in the field in 1990 was 
significantly higher in 1992 on the non-oiled tile in only two of the 46 tests (sites 
1322X and 1221X; Table 3.11), For red clay tiles deployed i.n 1991, differences
within sites were not significant (Table 3.11) although cover was consistently high. 
on uncaged tiles. Percent cover was somewhat greater on clean than painted tiles, 

·· but the differences were also not significant. In contrast to Fucus germling 
density, percent filamentous algal cover was significantly higher on uncaged, clean 
tiles than caged clean tiles during the last two sample dates of 1992 (p<0.05, 
ANOVA; Fig. 3.89). 

Methylene chloride wipe samples taken in 1990 and 1991 for oil weathering 
analyses were submitted to NOAA's Auke Bay laboratory. These samples were 
scheduled for a lower analytical priority relative to the sediment hydrocarbon 
samples, and have not been analyzed to date due to budgetary decisions by the 
Trustee Council (C. Manen, personal communication). 

Mussel Recruitment 

No samples were taken in 1991 because algal recruitment did not occur 
within the fences. The experiment was left in place over the winter and sampled 
in the spring of 1992. The fences at two control sites and one oiled site were 
destroyed and samples could not be collected. Algal plugs were collected from 
quadrats at one oiled site and sorted for mussel density. Samples yielded no 
mussel recruits (data not shown). 
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Comparison of grazer densities between fenced and.unfenced plots revealed 
that with monitoring and removal, _the fences were effective in excluding both 
limpets and littorines on the majority of sites and sample dates (Table 3.12A). 
Grazer densities were higher at control sites in the unfenced plots (1361C, 1362C) 
but statistical significance was generally only detected at the 1361 site pair (Table 
3.12B). Site 1362X was lightly oiled and untreated in 1989, whereas site 1361X is 
part of a segment where an Omni Boom was used. 

Settlement Patterns 

Epoxy tiles were sampled from each floating station over eleven sample 
periods in 1991. Barnacle recruits were in very low densities at all five sites 
(Table 3.13). The tiles tended to become dominated by the hydroid, Obelia sp. {not 
quantified), by late July. High numbers of juvenile mussels did recruit, however, 
starting in mid-July. The byssal threads of the mussels were attached to the 
stalks of the hydroid colonies. Up to 100 juvenile mussels were counted per tile; 
densities above 100 were reported as~· 100. Mussel densities steadily increased 
on each tile through the remaining sample dates (Table 3.13). · 

Plaster-of-paris dissolution hemispheres were placed on the stations on 
three separate dates (19 May, 17 July, and 3 August). The hemispheres were left 
for approximately 120 hours. The first two sample dates showed no significant 
difference in dissolution rate between eastern and western sides of the Bay. 
However, on the third date, the difference in hemisphere weight from the eastern 
sites was significantly greater than the western sites (p < 0.001, ANOVA; Table 
3.13). 

Grazing By Limpets 

Only 106 of the 1072 limpets deployed in the f~nced treatments were 
recovered at the end of the study (Table 3.14). Losses were very high at both 
elevations. Fifty-seven limpets remained at control sites, and 49 were found at 
oiled sites. Losses were much lower in the caging experiment (Table 3.14), in 
which 377 of 504 (75%) limpets were recovered at the end of the study 
(September, 1990). Losses were similar on control and oiled sites for both fenced 
and caged treatments. 

Because of the random allocation of "algae" and "no algae" treatments at 
each site, percent algal cover was highly variable between sites and replicates for 
the treatments. To compare change between treatments, the mean difference in 
percent algal cover between the beginning and end of the experiment was 
calculated and compared between control and oiled sites using analysis of variance 
(Table 3.14). Percent reduction for "Algae" treatments were also averaged and 
compared for each elevation. Only treatment AX/2 from the cage study showed a 
significantly greater reduction in percent cover by algae at the oiled sites (p=0.02). 
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Because the percentages are calculated on different initial coverages, this result 
must be interpreted cautiously. ·· 

Differences in limpet pre- and post-experimental length, width and weight 
were analyzed for each treatment using t-tests (Tables 3.15 and 3.16). Differences 
in limpet length, width and weight for treatment AX in the fences (Table 3.15) 
tended to be greater at the oiled sites than the control sites and significantly so in 
3 of the 6 comparisons. Of the limpets retrieved at the end of the experiment, no 
single density treatment was consistently greater in all parameters (length, width 
and weight). However, limpets in the caged plots at control sites had significantly 
greater differences in weights and widths (weight: p=0.025; width: p=0.02, t-Test), 
an_d treatment AX had significantly greater weights (p<O.OO 1) compared to the 
oiled sites. Treatments A2X and .AX/2 had significantly greater differences in 
shell lengths (A2X: p=0.0001; .AX/2: p=0.006, t-test) and widths (A2X: p=0.04; 
AX/2: p=0.05) at the oiled sites compared to the controls (Table 3.16). 

For treatments in which algal cover was removed (both fenced and caged), 
Fucus dry weight was significantly greater at control than oiled sites (Table 3.17). 
There was no difference in filamentous algal dry weight. At the end of the 
experiments, Fucus dry weight remained significantly greater at the control than 
the oiled sites and, as at the beginning, there was no difference in filamentous 
algal dry weights. 

The post-experimental algal dry weight analysis for the caged study was 
divided into treatments with and without algae. Fucus dry weight remained 
significantly greater at control sites in those cages with algae retained (p=O.O 1). 
Fucus did not recruit into the cleared cages. There were rio differences in 
filamentous algal dry weights at control and oiled sites for either algal treatment. 

Only 5% of all limpets originally tagged and left for a year at plots with and 
without Fucus removal were retrieved in 1992. Return was sci low that differences 
between cleared and uncleared plots within sites could not be compared. 
However, bet~een sites there were no significant differences in recovery of limpets 
between cleared or uncleared plots (p=0.68, two sample sign test, Table 3.18). No 
significant differences were found in the initial length and width of limpets on 
oiled and control sites (p = 0.37 for length, p = 0.62 for width; Fig. 3.90). The 
percent change in limpet length and width between the oiled and control halves of 
the bay was significantly greater at oiled sites than control sites (p = 0.001 for 
length, p = 0.004 for width, ANOVA, Fig. 3.90). 

Tectura persona and Lottia pelta Grazing Study 

Filamentous algae did not colonize the plexiglas plates during the 1992 
season; therefore, percent algal cover could not be determined. The number of 
dead limpets in control and oiled cages and differences in mortality between 
Tectura persona and Lottia pelta were compared. ApprQximately 58% greater 
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mortality occurred in the oiled treatments, but this difference was not significant 
(Table 3.19). Mortality of the two species was similar. As stated in the methods, 
replacelllent limpets were ID.easured and added to the cages so the experiment was 
continued through the winter/spring of 1992/93. 

INVERfEBRATE DISCUSSION 

Studies of previous oil spills have reported reductions in densities of 
inyertebrates,partic:ularlyintertidal grazers such-as limpets and periwinkles 
(Nelson-Smith 1977; Mann and Clark 1978; Southward and Southward 1978). 
The data presented here are consistent with these earlier studies. Effects of the 
EVOS on the invertebrates in Herring Bay have been variable, but there are 
patterns in the data demonstrating that some populations have been reduced and 
recovery remains incomplete in some cases. Results from the algal studies 
presented in Chapter 2, the hydrocarbon data, and population dynamics continue 
to point to the upper intertidal as the most extensively affected zone. 

Recruitment, including that of algal cover, appears to play the major role in 
structuring invertebrate communities at the Herring Bay study sites. The sites 
showing the most consistent and/or highest invertebrate recruitment are 
hypothesized to be those most exposed to open water or tidal currents, which 
would increase larval availability at those sites. Not surprisingly, these were also 
the sites hit by the floating oil. Data on water motion near study sites is being 
developed in 1993. From the barnacle and oiled rock/tile recruitment studies, 
annual settlement patterns correspond well with locations of the most heavily 
oiled sites. For unknown reasons, barnacle recruitment was much lower in 1992 
than in previous years. It is of interest to note, however, that there were two 
heavy recruitment periods at similar times (early July, early August) in both 1990 
and 1991 (Fig. 3.48-3.58). In 1991, the floating settlement plates also showed 
large increases in Mytilus recruits du,ring the same time as the barnacles (e.g. Fig. 
3.60; Table 3.13). Had Herring Bay received recruitment during the same periods 
in 1989, this would have been when shoreline treatment was at its most intense 
(July-August, ADEC Daily shoreline assessment forms). 

Densities of Tectura persona tended to be higher at control sites than oiled 
sites in the first and second MVD through both 1991 and 1992 (Fig. 3.4-3.14), 
suggesting continued effects of the oiling or treatment. Trends in .the density of 
Lottia pelta, which occurs somewhat lower in the intertidal zone than T. persona, 
are less clear (Fig. 3.5-3.24), although densities were significantly greater at 
control sites in several comparisons and only greater at oiled sites twice. 

The loss of Fucus plants from the upper intertidal (e.g., Fig. 2.3, 2.7) could 
be responsible for lower limpet recruitment/survival there, although the results of 
the limpet studies do not support this hypothesis. Further study of the potential 
role of Fucus in determining invertebrate density is being conducted in 1993. 
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Grazer densities were reduced at untreated oiled sites in the barnacle study ·· 
(Fig. 3.86, 3.87) and the population dynamics study (Table 3.1). Densities of the 
invertebrates in both studies, with the exception ofT. persona, showed population 
increases over the three year period. 

One focus of the population studies was the. hypothesis that invertebrates 
lacking di~persal phases in their life histories, such as Littorina sitkana, Nucella 
spp. and Leptasterias, would take longer to recover on oiled or oiled and treated 
sites because_of_reducedadult densities-and/or-fecundities-at-these sites ana· the·
low probability of recruitment from elsewhere. Of the three species studi~E:(:only 
L. sitkana showed possible affects of oil. In 1990, L. sitkana densities qn o)i~d·· .. ·. 
sites were significantly lower on coarse-textured habitats only, but in subsequent 

. . 

seasons reductions in abundance similar to those o]Jserved in limpets occurred at 
MVD l and 2 on oiled sites (Table 3.2). Low densities of the predatory 
invertebrates Nucella spp. and Leptasterias were observed at both control and 
oiled sites, thus complicating population assessment by us and others (Houghton 
et al. 1990). There were no differences in density between the oiled and control 
sites at the one site pair where large numbers of Nucella lamellosa were observed. 
The snails may have migrated to the lower intertidal or subtidal during the winter 
months and not been active until later in the summer of 1989, thus avoiding the 
worst conditions following the spill. Moreover, observations at the Nucella site 
suggest that it was not treated (Table 1.1). Ebert et al. ( 1992) found that survival 
and growth of Nucella lamellosa was lower at oiled than control sites (including 
an oiled site in Hernng Bay). 

The recruitment studies on oiled and non-oiled surfaces have shown that oil 
had an initial effect on barnacle recruitm~t, and depending upon substrate 
character, may have a moderate\-toJ.Gng term effect on algal recruitment. A . . 

separate EVOS study of oiled rocks and alg8.I recruitment has documented a 
similar s~ppression of algal colonization (Duncan et al. 1992). Residual tar may 
be an unstable substrate for barnacle settlement and reduced densities on oiled 
sites may be a consequence of tar sloughing rather than toxicity, as evidenced by 
the low percentage of recruits surviving to adult size (Table 3. 7). Fucus 
settlement and gr<>wth, and algal cover were consistently lower on oiled tiles over 
two seasons (Tables 3.9-3.11), however, the differences were usually insignificant 
(0.1:5p:50.25), probably due to high variability relative to the numbers of replicates. 
Caged tile pairs had significantly greater numbers of Fucus germlings than 
uncaged 6.1es (Table 3.10). In contrast, percent algal cover was much higher on· 

"uncaged tiles (Table 3.11, Fig. 3.89). Evidently, the cages provide an environment 
favoring Fucus recruitment and/or survival or an unfavorable environment for 
other algal species that may compete with Fucus on uncaged tiles. Alternative 
explanations include selective grazing on Fucus on uncaged tiles and poor 
recruitment and survival by other algal species inside cages. It seems unlikely 
that limpets, the predominant grazers, would be able to distinguish between 
gennlings and sporlings of different algal species when rasping the substrate. 
Therefore, microhabitat differences seem the most likely explanation. Fucus 
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germlings also occurred in higher densities in caged plots in the tarred rock 
experiment (Fig. 3.85). Perhaps cages provide enough shading to reduce 
desiccation of the germlings or may snare the mucous strands in which Fucus eggs 
are released by the parent plant. 

Significant differences in Fucus densities and algal cover on the tarred and 
untarred surfaces of rocks set out in 1990 and sampled in 1991 were not observed, 
possibly due to loss of too many replicates during the winter. Although care was 
taken in matching rock sizes, -the parent-material (1ncluclin1(the degree ofporosity 
for each rock) varied, especially with the PB rocks. Many rocks were dense and 
non-porous and the oil quickly dissipated to the extent that comparisons between 
oiled and non-oiled halves could no longer be made. The tile pairs were much less 
variable. Tiles placed in the field in 1990 were of a siliceous clay and may have 
retained north slope crude more effectively than the red clay tiles used in 1991. 
Nonetheless, all tiles have retained a degree of oil staining not found on many of 
the rocks. Within Herring Bay, rock substrate differs from site to site and 
several of the study sites have a more porous substrate than others. Sites 1723X 
and 1322X are areas where a porous pillow basalt has been found to retain fresh 
oil in many of the fissures (personal observation). 

A widely held hypothesis regarding the EVOS has been that the elimination I 

of grazers resulted in increased abundances of ephemeral algae. Significantly I 

greater percent cover by ephemeral algae at oiled sites has been documented in 
Prince William Sound (Highsmith et al. 1993) and at some sites in Herring_Bay 
(Fig. 2.12, 2.14). Inspection of the limpet fencing data (Table 3.14) indicate that 
responses based on different limpet densities are largely unpredictable. So many 
limpets disappeared from the fenced enclosures that it would not fie prudent to 
contend that limpets controlled algal c~vez-fn this case. Limpet losses wereJower 
in caged treatments and percent cover is nJjt correlated with limpet density. 
Further work is needed to gain a better understanding of the impact of grazers on 
intertidal algae relative other factors that may control algal abundance. 

Fucus dry weights were significantly lower at oiled sites than control sites 
at the beginning and end of the caging and fencing experiments while analogous 
comparisons on filamentous algae revealed no differences (Table 3.17). The above 
comparisons again suggest that ephemerals are more tolerant or successful in 
oiled sites than the dominant alga. · 

The limpet growth study with Fucus canopy retained and removed, ran for 
a full year. The presence of Fucus canopy did not result in a higher percent 
recovery of limpets (Table 3.15). However, at many of the cleared plots Fucus had 
regrown from cut stipes as described by McCook and Chapman (1992; personal 
observation). Growth by some of the recaptured limpets was quite evident. Oiled 
sites had the greatest percent increase in limpet length and width (Fig. 3.90), in 
seeming agreement with the weak trend of greater limpet growth at oiled than at 
control sites in the fencing and ~ging studies. 
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In summary, since the beginning of the Herring Bay study in 1990, the 
upper and mid-intertidal zones continue to show reduced densities of some 
invertebrates at oiled sites. Recovery of these zones may be dependent upon 
regrowth of Fucus to provide structural habitat. Recruitment is consistently 
greater in certain areas of Herring Bay. Many of these locations are sites where 
oil was grounded, suggesting that the oil was transported by currents that 
commonly carry larvae into sections of the bay. Oil initially reduced barnacle 
recruitment but this effect has not persisted. However, oil may_h-aVe long-lasting 
effects on algal settlement, depending upon retention of oil by the substratum. 
While oil apparently reduced the densities of some limpets, in particular Tectura 
persona, manipulation of varying limpet densities failed to measure a consistent 
response in percent algal cover or limpet growth rates. 

Based on the physical differences outlined in the introduction, which are 
supported by differences in recruitment intensity, the control sites may be 
conservative comparisons for the more exposed oiled sites. Given that the 
recruitment data show greater settlement at the more exposed sites, it is likely 
that pre-spill populations were onginally higher at the oiled sites compared to the 
controls. Consequently, utilizing a statistical significance level of 0.05 may 
underestimate EVOS impact at oiled sites in Herring Bay and failure to achieve 
this significance level may overestimate recovery rates. The actual impact of 
EVOS may only be known when the ongoing Herring Bay Monitoring study has 
documented conditions on oiled and control sites following complete recovery. 
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Figure 3.1. Diagrams depicting placement of oiled rocks and tile pairs in 1990 (a), and pl~cement of oiled, 
clean, painted and caged tile pairs in 1991 (b). Units were placed randomly along the 2nd meter of vertical 
drop (MVD) from mean high high water. For the 1990 experiment (a) basic units (•) were quantified in the 
field, and extra EV & PB rocks were destructively sampled in the summer and fall of 1990 and spring of 
1991. All tiles placed in 1991 were quantified in the field. 

\ 



SHORELINE 

""' 
INTERTIDAL l 

> 1 MVD 

2.25 
2nd Tranaact cr··----------@1----------·-o-·----------_lliJ _____ --------o-------------lliJ------------·-o------------rm -------------- 2.5 °: vo 

'"-, 

Fenoino tied at cornera 
, ~ with ateel tie wire. 

c- 21 CM _, < 

n&· e c .. j .. - · ~/ · Fence baae Ia a two-part marine epoxy. 

· · · Subatrate waa prepared tor epoxy to adhere by tlruahino 

,--, 
l__j • enclosure without algae .. _ 

amall area along fence margin. 

j 0 J • enclosure with algae. 

Figure 3.2. Schematic diagram depicting layout of the fences and cages used in the 
limpet grazing studies. Fences were placed at two contours, where cages were placed 
only at the 2nd meter of vertical drop (MVD) below mean high high water. Fences 
were placed at four pairs of control and oiled sites. Cages were placed at three pairs 
of sites. Half of the enclosures had algae removed, and the other half had algae 
retained ("A"). Other treatments consisted of varying limpet densities. X = mean 
d~nsity of limpets per 25 X 25 em for a given contour. Other densities were twice 
(2X) and half {XJ2) the mean density of limpets. Percent cover of the enclosures was 
monitored between 8 July and 10 September, 1990. 
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Figure 3.3. Density (No./0.1 m2
) of the limpet Tectura persona at site pair 

1231C/ 1231X at each tidal elevation for the 1990 to 1992 seasons. MVD 
refers to the meter of vertical drop below mean high high water. The oiled site 
is represented by solid circles and lines. and the control site is represented by 

. open circles and dashed lines. The error bars represent one standard error of 
the mean. Asterisks over a given sample date indicate statistically significant 
differences between the sites. One asterisk represents pS0.05; two asterisks 
represent pS0.025 and three asterisks represent pSO.Ol. Refer to Figure 2.3 
for other layout details. 

82 
ACE 10825398 



2 ~VD 
15 • 

12 : . 

~ 9 
rn . 
z ·· ... t lU 8 Q . . . 

3 . 
0 

15 3 ~VD . 
12 : 

9 

8 

J . . 
. . 

0 

J J A s M J J A M J J A M J J A 

1990 1991 1992 1993 
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Figure 3. 7. Density (No./0.1 m2
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3811C/3611X at each tidal elevation for the 1990 to 1992 seasons. Layout 
same as Figure 3.3. 

86 
ACE 10825402 



Tectura persona 

0 

12 

9 

~ 
en 6 z 
LIJ 
0 

3 

0 

12 

9 

6 

3 

0 

J J A s M J J 

1990 1991 
A 

1136C/1852X 
1 MVD 

M 

~ 

J 

· . . · . 

J 

. . ·. 

1992 

2 ... vo 

3 MVD 

A M J J A 

1993 
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Figure 3.9. Density (No./0.1 m2
) of the limpet Tectura persona at site pair 

2333C/2337X at each tidal elevation for the 1991 to 1992 seasons. Layout 
same as Figure 3.3. 
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Figure 3.10. Density (No./0.1 m2) of the limpet Tectura persona at site pair-
1221C/1221X at each tidal elevation during the 1992 season. Layout same 
as Figure 3.3. 
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Figure 3.11. Density (No./0.1 m2
) of the limpet Tecturapersonaat site pair 

1222C/1322X at each tidal elevation during the 1992 season. Layout same as 
Figure 3.3. 
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Figure 3.12. Density (No./0.1 m2
) of the limpet Tectura persona at site pair 

1411C/1311X at each tidal elevation durtng the 1992 season. Layout same as 
Figure 3.3. 
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Figure 3.13. Density (No./0.1 m2) of the limpet Tectura persona at site pair 
1 713C I 1 713X at each tidal elevation during the 1992 season. Layout same as 
Figure 3.3. 
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Figure 3.14. Density (No./0.1 m2
) of the limpet Lottia pelta at site pair 

1231C/ 1231X at each tidal elevation for the 1990 to 1992 seasons. Layout 
same as Figure 3.3. 

93 ACE 10825409 



15 

12 

9 

15 

12 

~ 9 
rn 
z 
&&J 6 
Q 

3 

Lottia pelta 

J J A .S 

1990 
~ J J A 

1991 

1732C/1732X 
1 MVD 

~ J J A 

1992 

-2 UVD 

3 ~VD 

~ J J A 

1993 

Figure 3.15. Density (No./0.1 m2
) of the limpet Lottia pelta at site pair 

1732C/ 1732X at each tidal elevation for the 1990 to 1992 season. Layout 
same as Figure 3.3. 
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Figure 3.16. Density (No./0.1 m2) of the limpet Lottia pelta at site pair 
2333C/2333X at each tidal elevation for the 1990 to 1992 seasons. Layout 
same as Figure 3.3. 
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Figure 3.17. Density (No./0.1 m2) of the limpet Lottia pelta at site pair 
2834C/2834X at each tidal elevation for the 1990 to 1992 seasons.· Layout 
same as Figure 3.3. 
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Figure 3.18. Density (No./0.1 m2) of the limpet Lottta pelta at site pair 
3811 C I 3611X at each tidal elevation for the 1990 to 1992 seasons. Layout 
same as Figure 3.3. 
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Figure 3.19. Density (No./0.1 m2) of the limpet Lottia pelta at site pair 
1136C/1852X at each tidal elevation for the 1991 to 1992 seasons. Layout 
same as Figure 3.3. 
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Figure 3.20. Density (No./0.1 m2) of the limpet Lottia pelta at site pair 
2333C/2337X at each tidal elevation for the 1991 to 1992 seasons. Layout 
same as Figure 3.3. 
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Figure 3.21. Density (No./0.1 m2
) of the limpet Lottia pelta at site pair 

·1221C/ 1221X at each tidal elevation during the 1992 season. Layout same as 
Figure 3.3. 
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Figure 3.22. Density (No./0.1 m2
) of the limpet Lottia pelta at site pair 

1222C/ 1322X at each tidal elevation during the 1992 season. Layout same as 
Figure 3.3. 
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Figure 3.23. Oensity (No./0.1 m2
) of the limpet Lottia pelta at site pair 

1411C/ 1311X at each tidal elevation during the 1992 season. Layout same as 
Figure 3.3. 
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Figure 3.24. Density (No./0.1 m2
) of the limpet Lottia pelta at site pair 

1713C/ 1713X at each tidal elevation during the 1992 season. Layout same as 
Figure 3.3. 
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Figure 3.25. Density (No./0.1 m2) of the limpet Tectura scutwn at site pair 
1231C/1231X at each tidal elevation for the 1990 to 1992 seasons. Layout 
same as Figure 3.3. 
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Figure 3.26. Density (No./0.1 m2) of the limpet Tectura scutum at site pair 
1732C/ 1732X at each tidal elevation for the 1990 to 1992 seasons. Layout 
same as Figure 3.3. f 
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Figure 3.27. Density (No./0.1 m2) of the limpet Tectura scutum at site pair 
2333C/2333X at each tidal elevation for the 1990 to 1992 seasons. Layout 
same as Figure 3.3. 
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Figure 3.28. Density (No./0.1 m2) of the limpet Tectura scutwn at site pair 
2834C/2834X at each tidal elevation for the 1990 to 1992 seasons. Layout 
same as Figure 3.3. 
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Figure 3.29. Density (No./0.1 m2) of the limpet Tectura scutwn at site pair 
3811C/3611X at each tidal elevation for the 1990 to 1992 seasons. Layout 
same as Figure 3.3. 
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Figure 3.30. Density (No./0.1 m2) of the limpet Tectura scutum at site pair 
1136C I 1852X at each tidal elevation for the 1991 to 1992 seasons. Layout 
same as Figure 3.3. 
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Figure 3.31. Density (No./0.1 m2) of the limpet Tectura scutum at site pair 
2333C/2337X at each tidal elevation for the 1991 to 1992 seasons. Layout 
same as Figure 3.3. 
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Figure 3.32. Density (No./0.1 m2) of the limpet Tectura scutum at site pair 
1221C/1221X at each tidal elevation during the 1992 season. Layout same as 
Figure 3.3. 
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Figure 3.33. Density (No./0.1 m2) of the limpet Tect.w"a scutwn at site pair 
1222C/ 1322X at each tidal elevation during the 1992 season. Layout same as 
Figure 3.3. 
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Figure 3.34. Density (No./0.1 m2) of the limpet Tectw"a scutum at site pair 
1411 C I 1311X at each tidal elevation during the 1992 season. Layout same as 
Figure 3.3. 
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Figure 3.35. Density (No./0.1 m2
) of the limpet Tectura scutwn at site pair 

1713C/ 1713X at each tidal elevation during the 1992 season. Layout same as 
Figure 3.3. 
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Figure 3.36. Density (No./0.1 m2
) of the periwinkle Littorina sitkana at site pair 

1231C/1231X at each tidal elevation for the 1990 to 1992 seasons. Layout 
same as Figure 3.3. 
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Figure 3.37. Density (No./0.1 m2) of the periwinkle Littorina. sitkana at site pair 
1 732C 1 1 732X at each tidal elevation for the 1990 to 1992 seasons. Layout 
same as Figure 3.3. 
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Figure 3.38. Density (No./0.1 m 2
) of the periwinkle Littorina sitkana at site pair 

2333C/2333X at each tidal elevation for the 1990 to 1992 seasons. Layout 
same as Figure 3.3. 
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Figure 3.39. Density (No./0.1 m2
) of the periwinkle Littorina sitkana at site pair 

2834C/2834X at each tidal elevation for the 1990 to 1992 seasons. Layout 
same as Figure 3.3. 
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_Figure 3.41. Density (No./0.1 m2) of the periwinkle Littorina sitkana at site pair 
1136C/ 1852X at each tidal elevation for the 1991 to 1992 seasons. Layout 
same as Figure 3.3. 
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Figure 3.42. Density (No./0.1 m2
) of the pertwinkle Littorina sitkana at site pair 

2333C/2337X at each tidal elevation for the 1991 to 1992 seasons. Layout 
same as Figure 3.3. · 
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Figure 3.43. Density (No./0.1 m2) of the periwinkle Littorina sitkana at site 
pair 1221C/1221X at each tidal elevation during the 1992 season. Layout 
same as Figure 3.3. 
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Figure 3.44. Density (No./0.1 m2) of the periwinkle Littorina sitkana at site pair 
1222C I 1322X at each tidal elevation during the 1992 season. Layoutsame as 
Figure 3.3. 
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Figure 3.45. Density (No./0.1 m2
) of the periwinkle Littorina sitkana at site pair 

1411C/ 1311X at each tidal elevation during the 1992 season. Layout same as 
Figure 3.3. 
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Figure 3.46. Density (No./0.1 m2
) of the periwinkle Littorina sitkana at site pair 

1713C/1713X at each tidal elevation during the 1992 season. Layout same as 
Figure 3.3. 
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Figure 3.47. Density (No./0.1m2
) of dog whelk NuceUa lameUosa at site pair 

1732C/ 1732X at each tidal elevation durtng the 1992 season. Layout same as 
Figure 3.3. 
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Figure 3.48. Density (No./0.01 m 2
) ofbamacle recruits that settled on uncaged, 

tarred and scraped vertical rock faces at site pair 1641 dwing spring-fall1990-
1992 (top to bottom). Control and oiled plots are represented by solid triangles 
with sample dates connected by a solid line. The scraped plots are represented 
by opentrumgles connected by dotted lines. Letters on X-axis are months from 
May to September. Note scale differences on vertlcle axis. Number of samplings: 
1990-32between5/30and9/21: 1991-10to 11 between4/30and8/26: 1992 
- 4 between 5/31 and 8 I 27. All plots were located 0. 5 m below mean high high 
water. N=5 for 1990. N=3 for 1991 and 1992. Error bars represent plus and 
minus one standard error of the mean. Statistical significance from paired t
Tests: •=pS0.05. ••=p$0.025, •••=pSO.Ol. 
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Figure 3.49. Density (No./0.01 m 2) ofbarr1acle recruits that settled on uncaged. 
tarred and scraped vertical rock faces at site pair 1642 during sprtng-fall 1990-
1992 (top to bottom). N=3 for all years. Layout same as Figure 3.48. 
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Figure 3.50. Density (No./0.01 m2) of barnacle recruits that settled on uncaged, 
tarred and scraped vertical rock faces at site pair 1443 during spring-fall 1991-
1992. Layout same as Figure 3.48. N=3. 
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Figure 3.51. Density (No./0.01 m2
) of barnacle recruits that settled on uncaged, 

tarred and scraped vertical rock faces at site pair 1544 during spring-fall 1991-
1992. Layout same as Figure 3.48. N=2. 
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Figure 3.52. Density (No./0.01 m2
) of barnacle recruits that settled on uncaged, 

tarred and scraped vertical rock faces at site pair 1645X during sprtng-falll991-
1992. Site 16418 serves as the control match for this pair. Layout same as Figure 
3.48. N=3. 
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Figure 3.53. Density (No./0.01 m2
) of barnacle recruits that settled on uncaged, 

tarred and scraped vertical rock faces at site pair 17 46X during spring-fall 1991-
1992. Site 16418 serves as the control match for this pair. Sampling of this site 
began in July, 1991. Layout same as Figure 3.48. N=3. 
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Figure 3.54. Density (No./0.01 m2) of barnacle recruits that settled on caged, 
tarred and scraped vertical rock faces at site pair 1641 during spring-fall 1991-
1992. N=3. Layout same as Figure 3.48. 
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Figure 3.55. Density (No./0.01 m2) of barnacle recruits that settled on caged. 
tarred and scraped vertical rock faces at site pair 1443 during spring-fall1991-
1992. Layout same as Figure 3.48. N=3. 
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Figure 3.56. Density (No./0.01 m2
) of bamacle recruits that settled on caged, 

tarred and scraped vertical rock faces at site pair 1544 during spring-fall 1991-
1992. Layout same as Figure 3.48. N=2. 

135 ACE 10825451 



Barnacle juveniles-'--- caged plots 

16418 (Control) 1645X (Oiled} 1991- -

800.----------------------

600 

400 

. 200 

M J J A M J J A 

1992 

60.-----------------~---- 60.---------~------~--~ 

50 50 

40 

30 

20 

10 

0 t----r---r----r---r-----i 

M J J A M J J A 

Figure 3.57. Density (No./0.01 m2
) of barnacle recruits that settled on caged, 

tarred and scraped vertical rock faces at site pair 1645X during spring-fall 1991-
1992. Site 1641 B serves as the control match for this pair. Layout same as Figure 
3.48. N=3. 
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Figure 3.58. Density (No./0.01 m2
) of barnacle recruits that settled on caged, 

tarred and scraped vertical rock faces at site pair 1746X during spring-fall1991-
1992. Site 16418 serves as the control match for this pair. Sampling of this site 
began in July. 1991. Layout same as Figure 3.48. N=3. 
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Figure 3.59. Density (No./0.01 m2
) of barnaclejiiveniles compared between 

control and oiled sites (Fig. 3.48-3.49) on unscraped and scraped plots during 
1990. All plots were nncaged. Control sites are open circles connected by solid 
lines. Oiled sites are solid cirCles. connected by dotted lines. Error bars 
represent plus and minus one standard error of the mean. There were 32 sample 
dates in 1990 between 5/30 and 9/21. Months are represented by letters on the 
X-axis. The asterisks represent statistical signlftcance from ANOVA. blocking 
control and oiled sites (*=pS0.05. ••=pS0.025. •••=psO.Ol). 
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Figw-e 3.60. Density (No./0.01 m2
) of barnacle juveniles compared between 

control and oiled sites on unscraped and scraped plots during 1991. Treatments 
also include caged anduncaged plots. N=3 for each treatment. Control sites are 
open circles connected by solid lines. Oiled sites are solid circles connected by ·· 
dotted liiles. Error bars represent plus and minus one standard error of the 
mean. There were 10 sample dates in 1991 between 4/30 and 8/26. Months are 
represented by letters on the X-axts. The asterisks represent statistical 
significance from ANOVA. blocking control and oll~d sites (•=pS0.05. ••=pS0.025. 
•••=pS0.01). The@ represents sign.tflcance (ps0.05. ANOVA) between caged and 
uncaged plots of like treatments. 
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Figure 3.61. Density (No./0.01 m2
) of barnacle juveniles compared betwe~n 

control and oiled sites on unscraped and scraped plots during 1992. Treatments 
also included caged and uncaged plots. N=3 for each treatment. Control sites are 
open circles connected by solid lines. Oiled sites are solid circles connected by 
dotted lines. There were 4 sample dates in 1992 between 5/31 and 8/27. 
Months are represented by letters on the X-axis. The asterisks represent 
statistical significance from .ANOVA. blocking control and oiled sites (*=p~0.05, 
**=p~0.025, •••=p~O.O 1). 
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Figure 3.62. Density (No./0.01 m~ of barnacle adults (all species except C. 
dallt combined) that settled on uncaged. tarred and scraped vertical rock faces 
at site. pairs 1641. 1642. and 1443 during the spring-fall of 1992. N=3. 
Layout same as Figure 3.48. 
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Figure 3.63. Density (No./0.01 m 2) of barnacle adults (all species except C. 
d.all(J that settled on uncaged, tarred and scraped vertical rock faces at site 
pair 1544 1645X. and 1746X during the spring-fall of 1992. Layout same as 
Figure 3.48. N=3 for sites, except 1544 (N=2). 
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Figure 3.64. Density (No./0.01 m2
) of barnacle adults (all speCies except C. dalJA 

that settled on caged, tarred and scraped vertical rock faces at site pairs 1641 
and 1443 during the spring-fall of 1992. N=3. Layout same as Figure 3.48~ 
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Figure 3.65. Density (No./0.01 m2) ofbamacle adults (all species except C. 
dalli) that settled on caged. tarred and scraped vertical rock faces at site pair 
1544. 1645X and 17 46X during the spring-fall of 1992. Layout same as Figure 
3.48. N=3 for sites. except 1544 (N=2). 
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Figure 3.66. Density (No./0.01 m2
) of barnacle adults (except C. dallil compared 

between control and oiled sites on unscraped and scraped plots _during 1992. 
Treatments also include caged and uncaged plots. N=3 for each treatment. 
Control sites are open circles connected by solid lines. Oiled sites are solid circles 
connected by dotted lines. There were 4 sample dates in 1992 between 5/31 arid 
8/27. Months are represented by letters on the X-axis. ·The asterisks represent 
statistical significance from ANOV A. blocking control and oiled sites (*=pSO.OS, 
**=pS0.025, •••=pSO.Ol). The@ represents significance (pSO.OS, ANOVA) between 
caged and uncaged plots of Uke treatments. 
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Figure 3.67. Density (No./0.01 m2) of Chtha.rrta.IUs daUi that settled on uncaged, 
tarred and scraped vertical rock faces at site pairs 1641, 1642, and 1443 during 
the spring-fall of 1992. N=3. Layout same as Figure 3.48. 
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Figure 3.68. Den$ity (No./0.01 m2) of Chthamalus daUt that settlea·on uncaged, 
tarred and scraped vertical rock faces at site pair 1544 1645X. and 1 7 46X during 
the sprtng-fall of 1992. Layout same as Figure 3.48. N=3 for sites, except 1544 
(N=2). . 
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Figure 3.69. Density (No./0.01 m2) of Chthamalus dalli that settled on caged, 
tarred and scraped vertical rock faces at site pairs 1641 and 1443 during the 
spring-fall of 1992. N=3. Layout same as Figure 3.48. 
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Figure 3. 70. Density (No. /0.01 m2) of Chthamalus daUt that settled on uncaged. 
tarred and scraped vertical rock faces at site pair 1544 -1645X. and 17 46X during 
the spring-fall of 1992. Layout same as Figure 3.48. N=3 for sites. except 1544 
(N=2). 
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Figure 3. 71. Density (No. /0.01 m2
) of Ch.th.amalus daUicompared between control 

and oiled sites on unscraped and scraped plots during 1992. Treatments also 
include caged and uncaged plots. N=3 for each treatment. Control sites are open 
circles connected by solid lines. Oiled sites are solid circles connected by dotted 
lines. There were 4 sample dates in 1992 between 5/31 and 8/27. Months are 
represented by letters on the X-axis. The asterisks represent statistical 
significance from ANOV A. blocking control and oiled sites (*=pSO.OS, ••=pS0.025. 
•••=pSO.Ol). 
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Figure 3. 72. Density (No./0.01 m2) of Fucus gennllngs that settled on uncaged, 
tarred and scraped vertical rock faces at site pair 1641 during spring-fall 1990- -
1992. N=S for 1990. Ni::3 for 1991 and 1992. Layout same as Figure 3.48. Note 
scale differences. 
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Figure 3.73. Density (No./0.01 m2) of Fucus gennlings that settled on uncaged, 
tarred and scraped vertical rock faces at site pair 1642 during sprtng-fall1990-
1992. N=3 for all years. Layout same as Figure 3.48. 
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Figure 3.74. Density (No./0.01 m2
) of F\Jcus gennlings that settled on uncaged, 

tarred and scraped vertical rock faces at site pair 1443 during spring-fall 1991-
1992. Layout same as Figure 3.48. N=3. 
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Figure 3. 75. Density (No./0.01 m2
) of Fucus gennllngs that settled on uncaged. 

tarred and scraped vertical rock faces at site pair 1544 dU$g spring-fall 1991-
1992. Layout same as Figure 3.48. N=2. · 
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Figure 3. 76. Density (No./0.01 m2) of Fucus germlings that settled on uncaged, 
tarred and scraped vertical rock faces at site pair 1645X during spring-fall 1991-
1992. Site ·1641B serves as the control match for this pair. Layout same as 
Figure 3.48. N=3. 
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· Figw-e 3.77. Density (No./0.01 m2) of Fucus germlings that settled on uncaged. 
tarred· an:d scraped vertical rock faces at site pair 17 46X during spring-fall 1991-
1992. Site 16418 seiVes as the control match for this pair. Sampling of this site 
began in July. 1991. Layout same as Figure 3.48. N=3. 
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Figure 3.78. Density (No./0.01 m2) of Fucus gennlings that settled on caged, 
tarred and scraped vertical rock faces at site pair 1641 during spring-fall 1991-
1992. N=3. Layout same as Figure 3.48. 
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Figure 3.79. Density (No./0.01 m2
) of Fucus germllngs that settled on caged. 

tarred and scraped vertical rock faces at site pair 1443 during_ spriilg-fall 1991-
1992. Layout same as Figure 3.48. N=3. 
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Figure 3.80. Density (No./0.01 m2
) of Fucu.s germlings that settled on caged. 

tarred and scraped vertical rock faces at site pair 1544 during spring-fall 1991-
1992. Layout same as Figure 3.48. _N=2. 
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Figure 3.81. Density (No./0.01 m2
) of FUcu.s gennlings that settled on caged. 

tarred and scraped vertical rock faces at site pair 1645X during spring-falll991-
1992. Site 16418 serves as the control match for this pair. Layout same as Figure 
3.48. N=3. 

160 
ACE 10825476 



Fucus germlings - caged plots 

16418 (Control) 
1991 

1746X (Oiled) 

5r------------, ::,,........---------------. 

4 - - 4 

3 

2 

M J J A M J J A 

1992 

Sr-------------..., 

4 

3 

2 

M J J A M J J A 

Figure 3.82. Density (No./0.01 m2
) of Fucus gennlings that settled on caged, 

tarred and scraped vertical rock faces at site pair 17 46X during spring-fall 1991-
1992. Site 16418 serves as the control match for this pair. Sampling of this site · 
began in July. 1991. Layout same as Figure 3.48. N=3. · 
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Figure 3.83. Density (No./0.01 m2) of Fucus gennllngs compared between control 
and oiled sites on unscraped and scraped plots during 1990. All plots were 
uncaged. Control sites are open circles connected by solid lines. Oiled sites are 

·solid circles connected by dotted lines. Error bars represent plus and minus one 
standard error of the mean. There were 32 sample dates in 1990 between 5/30 
and 9/21. Months are represented- by -letters on the X-axis. The asterisks 
represent statistical significance from ANOVA. blocking control and oiled sites 
(*=p$0.05, ··=p$0.025, ···=p$0.01). 
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Figure 3.84. Density (No./0.01 m2
) of Fucus gennlings compared between control 

and oiled sites on unscraped and scraped plots durtng 1991. Treatments also 
include caged and uncaged plots. N=3 for each treatment. Control sites are open 
circles connected by solid lines. Oiled sites are solid circles connected by dotted 
lines. Error bars represent plus and minus one standard error of the mean. 
There were 10 sample dates in 1991 between 4/30 and 8/26. Months are 
represented by letters on the X-axis. The asterisks represent statistical 
significance from ANOVA. blocking control and oiled sites (*=pS0.05. ••=pS0.025, 
•••=pSO.Ol). The@ represents significance (pS0.05. ANOVA) between caged and 
uncaged plots of like treatments. 
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Figure 3.85. Density (No./0.0 l m2) of Fucus germllngs compared between control 
and oiled sites on unscraped and scraped plots during 1992. Treatments also 
included caged and uncaged plots. N=3 for each treatment. Control sites are open 
circles connected by solid lines. Oiled sites are solid circles connected by dotted 
lines. There were 4 sample dates in 1992 between 5/31 and 8/27. Months are 
represented by letters on the X-axis. The asterisks represent statistical 
significance fromANOVA. blocking control a:nd oiled sites (*=pS0.05. ••=pS0.025. 
•••=pS0.01). The@ represents sigriificance (pSO.OS) between caged and uncaged 
plots of like treatments. · 

164 ACE 10825480 



,. 
("\ 

m 

1880 Grulr Oenlltlll 
.... , ..... 1 

ao 11•x•-.. 
10 

• 

• . . . . ·-····---....... ---·· .... _ ........ -················ .. __ .. - -···-····· 

............ 

t a a 4 1 • ' • • • n a a " • 
~ Datla: ..,_18- Sept 21 

~114M (OIN) D .... (Con1raiJ 

30~----------------------~~ . 
Ill -----··-..-··-··-··:.-.... _,... .•.. -·-··-··-·-····-~·-·-···········!.. .. _ . . . 
10 ···--·-! ......... -···-···-· ·····-·-·- ··- ·-···· 

-··- 1·-,. -
tO 

:~··~IE~I"I~~~~~-~~~~~-i~~·~~-·I~·~-~~·~~~·E~·~·f·· 
1 I 3 4 I I 7 I I ~ ft G • M 
1810 Samp .. .,. .... .ble 11S - Sept 21 

I ~ 1:1420 (Oiled). D 1142C (ConhVI) I 

1881 Gruer Dlnlltlea 
8ltl Pair 1841 

10 II D X 10• 

11 ................ ,_ .................... _.,. ...................... c .................. ~ .......... ~ ....... . 

10 ...................................................... . 

1 I 3 4 I I 7 I I » n 
Sample Da ... : Aprl 28 - Aug 23 

~ 11141A (aa.ct) 0 18418 CContJOO 

Site Pair 1642 

•.---------------------~~ 

10 ..................................... - ................. _.,_,_ .. __ ,, ........ _ ..................... . 

40 .... _ ............. - ............................................ - ................ . 

.o~~~~~~~~~~~~~ 
4/211/aot/ei/MIIIOI/21711 T/MT/241121123 

1991 Seinple Datale Aprl 29 - Aug 23 

I e;:a W4M ~OIN) D .... (CCintfGit I 
Figure 3.86. Density (No./0.0 1 m 2

) of grazers (limpets and Uttorlnes) compared 
between oiled and control plots. The ••• represents significance (p$0.05-ANOVA). 
Sites 1641 and 1642 were sampled in 1990 and 1991. All other sites were 
sampled only in 1991·. Site 1641 B seiVed as the control for oiled sites I645X and 
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Figure 3.87. Density (No./0.01 m 2
) of grazers (limpets and littorines) in 1991 

compared between oiled and control plots. The ••• represents signiJ1cance (p~0.05-
ANOVA). Site 1641B served as tl1e control for oiled sites 1645X and 1746X. 



"EV" Rocks 

1'3'Y:JX , ~,.._. 

-, -- ..._. 1723X 
:so 

.::::;o 
~20 

* 
* 

:so 
90 

100 60 

50 30 

~50 

120 

90 

60 

.30 

2 3 4 5 6 7 8 2 3 4 5 6 7 8 

"PB" Rocks 

1322X 1723X 100 

80 

60 

40 

20 

, 2 3 4 5 6 7 8 2 3 4 5 6 7 8 

Figure 3.88. Barnacle recruitment on oiled and non-oiled halves of rocks placed 
at two of six study sites in 1990. Only the oiled sites 1322X and 1723X were 
heavily colonized in 1990. 'EV'represents rocks coated with iJ'!.-situ oil from the 
T/V EXXON VALDEZ. 'PB' rocks represent those coated with Pruhoe Bay crude 
oil in 1990. Sample dates 1-8 represent approximately weekly sampling from 3 
July to 20 September 1990. 
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Figure 3.89. A. Mean density for Fu.cus gennlings on unoUed tiles in caged (cross
hatched bars) and uncaged (open bars) plots. N=S for each sample date. Sample 
dates 1-4 were 6/30, 7/1. 7/31 and 8/29, 1992 .. B. Mean density for Fucus 
germlings on oiled tiles in caged and uncaged plots. C.· Mean percent cover of 
filamentous algae on unoUed tiles in caged (cross-hatched bars) and uncaged 
(open bars) plots. D. Mean percent cover for filamentous algae on oiled tiles in 
caged and uncaged plots. *=ps0.05: •••.ps0.01, ANOVA. 
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Figure .3.90~ Mean lengths and widths of limpets tagged at control and oiled sites 
as part of the limpet- Fucus canopy retained/removed study. A. Mean lengths 
(left) and widths (right) for all limpets at study beginning in 1991. N=226 for 
control sites (open bars); N=230. for oiled sites (hatched bars). ANOVA F-ratios 
and probabilities are listed above each histogram. B. Mean start limpet lengths 
and widths ( 1991) for limpets recaptured in 1992 (N=7 for control: N=21 for oiled). 
C. Mean limpet length and width of recaptured limpets after 1 yr. D. Percent 
change in limpet length and width at control and oiled sites. 
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,. Figure 3.91. Examples of percent algal cover on oiled and non
oiled tile pairs.- Photographs were taken in 1992. Pair A 
represents a ceramic tile pair placed in 1990. Pair B is an 
uncaged clay tile pair placed in 1991. Pair Cis a caged tile pair 
also placed in 1991. Pairs A-C are from site 1322X. Pair D, 
placed in 1991, is a caged tile pair from site 1723X. The 
differences seen in these photographs were not consistently 
obvious at control sites. 
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Table 3.1. 

Pair 
1231 

1732 

2333 

2834 

MVD 
1 
2 
3 

1 
2 
3 

1 
2 
3 

1 
2 
3 

3811 1 
2 
3 

2337*+ 1 
2 
3 

1852* 1' 
'2 

3 

Repeated measures ANOV A on mean densities (No./O.i'in 2
) of the limpets, 1-eclura persona and Louia pella. P-valucs listed are for dilfcreuc~s bclwecu coutwl 

and oiied site pairs over six sample periods between 1990-1992. "MVD" refers to meter of vertical drop below Mean High lligh Water., For the "Recovery?" 
column: "Yes"= oiled site population has equaled or exceeded the matched control site; "No"= oiled site population has not shown a temporal increase; "MayiH:" 
= control site population remains greater, but a rise in the oiled site population has been observed in 1992. '1-" "' no signilicanr difference in density 
was observed between the site pair over time. "•" = sites established in 1991. All other sites were established in 1990. "t" '" oiled site ',of the pair is matched 
to existing control site, 2333C. 

Tectura peraona 

Control Oiled 
Mean 
6.13 
4.83 
0.83 

6.44 
3.83 
0 

8.02 
8.02 
3.69 

8.27 
10.6 

3.13 

1. 77 
0.55 
1. 91 

8.7 
9.7 
4.13 

5.37 
2.16 
0.2 

Mean 
1.44 
1.47 
0.25 

1.11 
0.63 
0.63 

1.16 
1. 88 
0.77 

4.11 
8.25 
5.58 

0 
0 
0.16 

5.6 
12.6 

2 

5.83 
0.88 
0.13 

Site 
0.02 
0.005 
0.03 

0.04 
0.08 
0.06 

0.02 
0.0001 
0.04 

·a. 02 
0.2 
0.23 

0.03 
0.007 
0.05 

0.29 
0. 25 
0.21 

0.88 
0.3 
0.66 

Repeated Measures ANOVA 

p-Values 

Date 
0.005 
0.19 
o,. 02 

0.0001 
0. 33 
0. 56 

0 
0 
0.14 

0.0002 
0 
0.01 

0.02 
0.003 
0.19 

0 
0.02 
0.35 

0.004 
0.37 
0.26 

Date* 
Site Recovery? 

0.13 No 
0. 36 No 
0. 06 No 

0.023 
0.53 
0.033 

0.5 
0.0005 
0.39 

0.94 
0.55 
0.32 

0.02 
0.003 
0.3 

0.015 
0.1 
0. 73 

0.43 
0.09 
0.91 

No 
No 

No 
No 
No 

No 
Yes 
Yes 

No 
No 
No 

Yes 

Maybe 

Maybe 

Lott1a pelta 

Control 
Mean 
3.02 

15.61 
16.3 

3. 38 
6.63 
1.8 

0.77 
2.88 
6.19 

0.66 
2.66 
6 .. 4 

1.72 
5.08 
8.02 

0.8 
2.8 
6.6 

3.75 
6 
7.7 

Oiled 
Mean 
2.25 

10 
5.19 

2.08 
8.02 
4.3 

0.03 
0.55 
3.83 

0.3 
3.52 

11.4 

0.94 
2 
0.72 

0.63 
6.6 

10.8 

1. 16 
6.95 
3.2 

Repeated Measures ANOVA 

p-Values 

Site Date 
0. 71 0.49 
0. 01 0. 004 
0.004 0.0003 

0.51 
0.66 
0.26 

0.005 
0.006 
0.38 

0.31 
0.54 
0.02 

0. 35 
0.21 
0.12 

0.15 
0.04 
0.3E;i 

0.08 
0.74 
0.21 

0.01 
0.0002 
0.1 

0 
0.02 
0 

0.2 
0.003 
0 

0.002 
0.0002 
0.005 

0.45 
0.22 

I Q. 98 
0.12 
0.004 

Date* 
Site Recovery? 
0 .,3 7 
0.12 
0.04 

0.87 
0.98 
0.61 

0 
0.01 
0.2 

0.23 
0.24 
O.Q4 

0.92 
0.75 
0.04 

0. 4 9 
0. 93 
0.56 

0.04 
0.42 
0.36 

Maybe 
No 

No 
No 

Yes 
Yes 

No 

Mctybe 



Table 3.2. Repeated measures AN OVA on mean densities (No.IO.l m:) of the periwinkle, Littorina sitk.ana. 
"MVD" refers to meter of vertical drop below Mean High High Water. P-values listed are for 
differences between control and oiled site pairs over six sample periods between 1990-1992. For 
the "Recovery?" column: "Yes" = oiled site population has equaled or exceeded the matched 
control site; "No" = oiled site population has not shown a temporal increase; "Maybe" = control 
site population remains greater, but a rise in the oiled site population has been observed in 1992. 
"-" =no significant difference in density was observed between the site pair over time. "*"=sites 
es tab !ish ed in 1991. All other sites were established in 1990. "+" = oiled site of the pair is 
matched to existing control site, 2333C. 

Littorina sitkana Repeated Measures ANOV A 

Pair MVD Control Oiled P-values Recovery? 

Mean Mean Site Date Date* Site 

1231 30.63 29.86 0.94 0.000 0.06 
2 23.97 10.53 0.03 0.0005 0.036 No 

3 6.20 0.64 0.035 0.0031 0.01 No 

1732 I 8.53 18.22 0.28 0.0009 0.25 

2 10.11 6.5 0.48 0.048 0.67 

3 !.28 4.71 0.267 0.122 0.169 

2333 I 12.17 5.61 0.01 0.000 0.12 No 

2 16.53 4.58 0.00 0.03 0.375 No 

3 6.36 ° 10.31 0.25 0.0065 0.169 

2834 I 5.34 5.14 0.27 0.0049 0.022 

2 9.36 12.78 0.4 0.03 0.06 

3 9.77· 10.06 0.88 0.003 0.51 

3811 I 17.94 0.5 0.005 0.0003 0.0005 No 

2 7.03 0.61 0.014 0.011 0.044 No .of";t 

3 3.44 0 0.044 0.103 0.103 No 

2337'· 13.58 23.29. 0.09 0.0071 0.389 

2 17.67 22.46 0.42 0.0037 0.0018 

3 7.63 34.67 0.0016 0.0015 0.017 

1852' I 33.71 9.33 0.08 0.63 0.17 No 

2 35.67 8.33 0.0013 0.000 0.0072 No 

3 4.17 4.17 l.OOO 0.0058 0.305 
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Table 3.3. Ultraviolet Fluorescence Indices for sediment hydrocarbon samples taken in Herring Bay at 
matched oiled and control sites in 1990 and 1991. The larger the number, the greater the 
concentration of petroleum hydrocarbons. Sites followed by the letter 'C' are controls: 'X' denotes 
oiled sites. 'NO SEDIMENT' means sediment was not available at a matched site. 'MVD' refers 
to meter of vertical drop below Mean High High Water. 

Control U/V Oiled U/V 
Site MVD Index Site MVD Index 

B90 
1222C 1 -0.5 1322X NO SEDIMENT 

2 -0.2 2 130 
3 1 3 160 

1251C 2 -0.2 1251X 2 500 
3 0.7 3 23 

1411C 1 0 1311X 1 1000 
2 -1 2 600 
3 -0.5 3 300 

1312C 1 30 1312X 1 300 
2 1 2 80 
3 -1 3 190 

1723C 1 1.6 1723X 1 100 
2 2 2 150 
3 3 3 130 

1852C 2 -2 1852X 1 80 
- ____ 2_--- - - -- - -- Q- - - --

3 190 
1991 

1221C 2 0.20 1221X NO SEDIMENT 
3 0.10 

1222C 1 3 1322X NO SEDIMENT 
2 0 
3 -1.60 

1312C 2 c 1312X NO SEDIMENT 
3 6 

1231C NO SEDIMENT 1231X 1 90 

1251C NO SEDIMENT 1251X 1 94 
2 100 
3 80 

1411C 2 3 1311X NO SEDIMENT 

1713C 1 0.80 1713X 2 70 
3 .so 

1723C 1 1 1723X 1 4SO 

2 37 
3 0 

18S2C 1 14 18S2X NO SEDIMENT 
2 so 
3 3 
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Table 3.4. Mean Ultraviolet Fluorescence Indices for oiled and control site sediments for 1990 and 1991. 
'MVD' refers to meter of vertical drop. 

Standard Standard 
MVD N Mean Deviation N Mean Deviation 

Control Sites: 1990 Oiled Sites: 1990 
1 4 7.775 14.84371 4 370 431.58 
2 6 -.07 1. 4179 6 243.33 245.16 
3 5 .64 1. 556599 6 165.5 90.42 

Control Sites: 1991 Oiled Sites:· 1991 
1 4 4.7 6.28 3 211.33 206.70 
2 5 18.04 23.72 2 85 21.21 
3 6 1.25 2.76 2 65 21.21 
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Table 3.5. ' Mean number of barnacle re~ruits and paired t-test results for tile pairs in 1991 . Tile pairs were separated into 3 treatments. Three pairs of tarred and dean 
tiles were caged and 3 pairs were uncaged. Three tile pairs consisted of one clean and one painted black tile. N = 3 for each treatment. Sites ending with "C" 
are control sites; "X" denotes oiled sites. 

I , , , 
) 

Caged Tiles 

Data Site Clean Std Oiled Std t-val p-val 

6/~3/91 1~~1C 0 

1~HX 0 

1~~~c o 

11~~x o 

1n1c o 

1n1x o 

o· 
0 

0 

0 

0 

0 -------------------------------
7/03/91 1~~1C 0 

1~HX 0 

1~~~c o.33 

13~U ~~ .6 

1n1c o 

1n1x 0.33 

7/15/91 1~HC 3 .33 

1~HX 0.33 

1~~~c 1. 66 

1J:Z~X 38.6 

17HC 0. 

1n1x 6.66 

0.57 

~2.0 

0.57 

1.5~ 

0.57 

~ .... 
u.s 

9.07 

7 /~6/91 1~HC 3. 66 1.15 

1~21X 1.33 1.15 

1~~~c o.66 1.1s 

13~~X~96 189.0 

17~3C 0.33 0.57 

17HX 3U.3 H6 ... 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

0 

1.66 

0 

0 

0 

H6.6 

0 

315 

7.8 

2.88 

90.4 

~78 

1.0 

1. 78 

1.0 

3. 77 

1.0 

1.0 

1.39 

0.83 

5.5 

2.0 

1.0 

1.38 

1.0 

1.85 

0.42 

0.21 

0.4~ 

0.06 

0.4~ 

0.4~ 

0.29 

0.49 

o.o3 

0.18 

0.4~ 

0.3 

0.42 

0.2 

Uncaged Tiles 

Clean Std Oiled Std t-val p-val 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

1.66 

257.3 

0.33 

0.66 

0 

0 

3.66 

1066.6 

0.66 

857.3 

1. 73 

1.15 

370.7 

0.57 

0.57 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

36 

0 

0 

0 

0 

3.05 0 

144.5 517.3 

0.57 0 

590 432.6 

43.3 

254.2 

109.6 

2.0 

2.5 

1.16 

1.0 

2.0 

2.0 

6.4 

2.0 

1.43 

0.18 

0.13 

0.36 

0.42 

0.18 

0.17 

0.02 

0.18 

0.28 

Painted Tiles 

Clean Std Paint Std t-val p-val 

0 

0 

0 

0 

0 

0 

0 

0 

0.16 

23.3 

0 

0 

0.5 

0 

1 

393 

0 

2 

0 

0.4 

36.9 

1 

1. 09 

679.8 

2 

0.66 1.15 

2 2. 68 

829.3 460 

0 

476.6 409.5 

0 

0 

0 

0 

0 

0 

0 

0 

0 

32 

0 

0 

0 

0 

0 

316.3 

0 

1.33 

0 

1 

0.16 

93.3. 6 

0 

442.3 

45.3 

541 

2.3 

1 

0.4 

379 

516.4 

1.0 

1. 66 

1.0 

2.23 

0.95 

1.0 

1.0 

1. 61 

0.62 

0.19 

0.36 

0.23 

0.39 

0.08 

0.44 

0.42 

0.42 

0.16 

0.59 

0.86 



Table 3.5. 

Data 

8/06/U 

8/23/91 

..... 
-l 
m 

.... 
0 
CJ) 

N 
\II .,. 
..Q 
N 

(Continued) 

Site Clean Std 

12:UC 1.33 1.15 

1221:1 1 1 

1222C 1.66 0.57 

1322:1 121.3 18.14 

1723C 1.66 2.88 

1723:1 3.66 4.72 

1221C 0.66 0.57 

1221:1 0 

1222C 0 

1322:1 15.33 11.01 

1723C 0 

1723X 46.6 50.2 

Caged Tiles 

Oiled Std t:.val p-val Clean 

0 2.0 0.18 0 

0 1. 73 0.22 0 

0 5.0 0.03 6.66 

158.6 1U.7 0.39 0.73 214.6 

0 1.0 0.42 0 

5.66 7.37 0.37 0.74 68 

0 2.0 0.18 0 

0 0 

0 0 

7.3 5.03 0.98 0.42 108.6 

0 0 

94 75.9 2.67 0.11 208.66 

Uncaged Tiles Painted Tiles 

Std Oiled Std t-val p-val Clean Std Paint Std t-val p-val 

0 0 0 

0 4 6.9 2 3.46 1.0 0.42 

9.86 0 1.27 0.36 3.33 7.22 0 1.13 0.31 

125.1 225.3 221.6 0.08 0.94 415.6 444.7 555.3 469.5 1. 59 0.25 

0 0 0 

31.5 60.3 6.43 0.4 0.72 79 121.3 28.3 35.4 l. 02 0.41 

0 0.33 0.57 0 1.0 0.42 

0 0.33 0.57 0 1.0 0.42 

0 0 0 

75.1 26 36.4 2.13 0.16 102 117.3 216 253.9 1. 44 0.28 

0 0 0 

267 166.66 188.3 0.88 0.47 52 70.4 95.6 156.2 0.38 0.73 



Table 3.6. Mean number of barnacle recruits and paired t-tcst results for til~ pairs in 1992. Tile pairs were separated into 3 treatments. Three puirs of tarred and dean 
tiles were caged and 3 pairs were uncaged. Three tile pairs consisted of one clean and one painted black tile. N = 3 lor each treatment. Sites ending with "C" 
are control sites; "X" denotes oiled sites. 

Barnacle 
Juvenile• Caged Tiles Uncaged Tiles Painted Tiles 

Date Site Clean Std Oiled Std t-val p-val Clean Std Oiled Std t-val p-val Clean Std Paint Std t-val p-val 

6/03/92 1221C 0 0 0 0 0 0 

1221X 0 0 0 0 0 0 

1222C 0 1.66 2.88 f.o 0.42 6 2.0 3.33 4.16 0.75 0.52 . 0 4.66 8.08 1.0 0.42 

1322X 0 6.66 11.54 1.0 0.42 0 0 0.66 1.15 0 1.0 0.42 

1723C 0 0 0 0 0 0 

172JX 0 0 0 0 0 0 

7/01/92 1221C 0 0 0 0 0 0 

1221X 0 0 0 0 0 0 

1222C 0 0 0 0 0 0 

1322X 0,66 1.15 O.JJ 0~57 0.37 0.74 0 0 0.33 0.57 0 1.0 0.42 

...... 0 0 0 0 
1723C 0 0 

~ 
0.74 5.JJ 9.23 4.66 8.08 1.0 0.42 0 0 ~ 1723X 0.)3 0.66 0.37 

0.42 0 0 0 0 
7/31/92 1221C 0 0 .. 33 0.57 1.0 

0 0 
O.JJ 0.57 1.0 0.42 0 0 1221X 0 

0 0 
0 0 0 1222C 0 

64 110.8 15.66 27.13 1.0 0.42 
7.23 38.66 41.79 1.65 0.23 0 0 

1322X ... 66 
0 0 0 0 

1723C 0 0 
1 1. 73 0.66 1.15 0.23 0.84 l.Jl 2.31 64.33 111.4 1.0 0.42 

1723X 0 0 

0 0 0 
1.66 2.88 o. 71 0.54 0 

8/28/'ll 1221C O.JJ 0.57 
0 0 

0.66 1.],5 1.0 o.u 0 0 
1221X 0 0 0 l.ll 1.52 1. 51 0.26 0 
1222C 0 0 

26.ll 41.35 12.66 11.01 0.66 0.57 
5.29 1.63 0.24 0 0 

1322X 0 5 
0 0 0 0 l 1723C 0 0 

1.0 0.42 0 0 23 39.8 1 2 3.46 0.76 0.52 O.JJ 0.57 
1723X 0.33 0.57 

.. 
) 
D 
,) 

II 
~ 
0 
~ 



Table 3.7. Mean number of barnacle adults and paired Hest results for tile pairs in 1992: Tile pairs were separated into 3 treatments. Three pairs of tarn:d and clean tilc.:s 
were caged and 3 pairs were uncaged. Three tile pairs consisted of one clean and one painted black tile. N = 3 for each treatment. Sites ending with "C" arc 
control sites; "X" denotes oi!ed sites. 

)1. 
n 
m 

Barnacle 
Aclulta CagecS Tiles 

Date Site Clean StcS 

6/03/9l llllC 0 

llllX '0 

llllC 0 

13llX 3. 33 4. 16 

17l3C 0 

Oil eel 

0 

0 

0 

0.66 

0 

StcS 

1.15 

17l3X 0.33 0.57 8.66 13.31 

'7/0l/9l llllC 0.33 0.57 0 

llllX 0 0 

llllC 0 0.66 

~ 13~lX l 3.46 4 

00 17l3C 0 0 

0.57 

5.l9 

t-val p-val 

0.9l 

1.13 

1.0 

l.O 

0.43 

0.45 

0.37 

0.4l 

0.18 

0.~ 

17l3x~o ____________ o ______________________ ___ 

7/31/9l llllC l.33 1 

llllX 0 1.66 l.88 

llllC 0 1 1.0 

13llX 4 3. 6 l4. 66 15 .14 

17l3C 0 0 

17l3X 0.33 0.57 0 

8/l8/9l llllC l. 33 

llllX 0 

llllC 0 

13llX 3.66 

17l3C 0 

17l3X 0 

l.Sl 

3.78 

0 

1 

1.33 

ll.66 

0 

0.33 

1. 73 

0.57 

ll.4l 

0.57 

l.O 

1.0 

1. 73 

1.96 

1.0 

l.64 

1.0 

4.0 

l.O 

1.0 

0.18 

0.4l 

O.ll 

0.18 

0.4l 

0.11 

0.4l 

0.05 

0.17 

0.4l 

Clean 

0 

0 

1 

0.33 

0 

1 

0 

0 

1.66 

0 

0 

0 

0 

0 

5 

0 

0 

0 

0 

0 

7 

0 

0 

0.33 

Std 

0 

0.57 

1.0 

1.15 

1.0 

3.46 

0.57 

Uncaged Tiles 

Oiled Std 

0 

0 

0 

0 

0 

l 

0 

0 

0 

0 

0 

0 

0 

0 

3.46 

4.33 4. 93 

0 

0 

0 

0 

0 

l 

0 

0 

0 

l.O 

t-val p-val 

0.00 

1.0 

0.65 

l.S 

0.2 

1.0 

0.42 

0.58 

0.12 

0.86 

1.63 ' 0.24 

1.0 0.42 

Painted Tiles 

Clean Std Paint 

0 

0 

0 

0 

0 

0 

1 1.73 0.66 

0 0 

7.33 12.7 10 

0 

0 

0 

1 1. 73 

0 

6.66 11.54 

0 

0 

0.66 1.15 

1.33 l.Sl 

0 

0 

0 

0 

0.66 

1 

0 

0 

1.15 

1.73 

0 

0 

0 

0.66 

0 

0 

0 

0 

2.33 

0.66 

0 

0 

0 

0 

2 

0.66 

0 

0 

Std t-val 

1.15 1.0 

16.46 0.18 

1.15 1.0 

1.0 

3.21 0.71 

1.15 2.0 

2.64 

1.15 

0.65 

1.0 

p·val 

0.42 

0.87 

0.42 

0.42 

0.54 

0.18 

0.57 

0.42 



Table 3.8. 

Cbtb-lu• 
da111 

Date Site 

6/0J/•.n. unc 

l~HX 

1~~~c 

13~~· 

lnJc 

1nJx 

'7/01/9~ l~HC 

U~lX 

...... u~~c 
~ 
(0 13~U 

lnJc 

1nJx 

7/31/9~ l~HC 

l~HX 

1~~~c 

13~~· 

1nJc 

1nJx 

ana/9~ 1~HC ,. 1~HX 

n 1~~~c 
m 

13~~· 

17~JC 
~ 

0 1nJx 
IJ) 

\J 

"' ,. 
() 

"' 

Mean number of Chthumu/us du/Ji and paired t-test results for tile pairs in 1992. Tile pairs were separated into 3 treatments. Three pairs of tarred and dca
11 tiles were caged and 3 pairs were uncaged. Three tile pairs consisted of one clean and one painted black tile. N = 3 for each trentment. Sites ending with "C" 

are control sites; "X". denotes oiled sites. Standard deviations are in parentheses. 

Caged Til•• Uncaged Tiles 
Painted Tiles 

Clean Oiled t-val p-val Clean Oiled t-val p-val Clean Paint t.-val p-val 

0 0 0 0 0 0 0 0 0 0 0 1.00(1.73) 1. 00 0.42 0 0 0 0 0 0 
0.66(1.15) 7.66(6.50) 1. 84 0.~0 11.66(9.07) 0.66(1.15) 2.40 0.13 48.33 (59.40) 104.33 1148.50) l. 07 0.39 0 0 0 0 0 0 
1.33(1.5~) 8.00(13.80) 0.81 0.50 47.00(81.40) 34.30(51.05) 0. 70 0.55 0 0 

7. 00 (11. ~6) 0 1.07 0.39 0 0 0 0 
0 0 0 0.33 (0.57) 1. 00 0.42 

0 0 

7.00(~.64) 6.33 (8.38) 0.10 0.92 0. 66 (1. 15) 2. 33 (4. 04) l. 00 0.42 
0 0 

~5.33(17.61) ~.53 o.u 11.00(8.71) 0.66 (1.15) ~.36 0.14 31.33(31.56) 46.33 (51.03) 1.25 0.33 
1. 00 (1. 00) 

0 0 0 0 0 0 
a.331Llsl 1~.33(11.60) 1. 64 0.~4 39.00(63.~3) 33.00(43.31) 0.51 0.33 0 4.66(8.08) 1. 00 0.42 

0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 
0 ~.66(1.5~) 3.02 0.09 13.00(11.31) 1.00(1.41) 1.71 0.33 50.66(65.77) 77.66 (111. 63) 0.99 0.42 
0 0 0 0 0 0 
1.66U.081 ~0.33 (~1.~0) 1.68' 0.~3 35.66(57.40) 28.66(36.60) 0.58 0.61 6.66(11.54) 4.66(8.08) 0.20 0.85 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0.33(0.57) 4.00(1.73) 4.16 0.05 15.66(8.08) 0.66(1.15) 3.20 0.08 45.33(57.07) 75.33(106.00) 1. 05 0.40 

0 0 0 0 0 0 

1.66 (1.15) 14.33(13.01) 1. 82 o.n 32.66(52.25) 21.00(23.30) 0. 70 0.55 5.66(9.81) 5.33(9.23) 0.03 0.97 



Table 3.9. 

I rucu• 
gerallog• 

Date Site 

6/:13/91 l:I:UC 

l:I:UX 

1:U:IC 

1ll:IX 

17:13C 

17:131: 

7/03/91 l:I':UC 

l:I:UX 

UllC 

1ll:IX 
....... 
00 17:13C 

0 17llX 

7/15/91 u:nc 
1:U1X 

u:uc 
1ll:IX 

17:13C 

llllX 

7/:16/91 u:nc 
, u:nx 
1:UlC 

)loo 
n lll:IX 

m 17:13C 

17:13X .... 
0 
(J) 

N 
Ul 
.r-
-o 
o-

Mean Number of f'ucus germlings and paired l-lest results for tile pairs in 1991. Tile pairs were separated into 3 treatments. Three pairs of tarred and dean 
tiles were caged and 3 pairs were uncaged. Three tile pairs consisted 'of one clean and one painted black tile. N = 3 for each treatment. Sites ending with "C" 
are control sites; "X" denotes oiled sites. Standard deviations are in parentheses. 

Caged Til•• Uncaged Tiles Painted Tiles 

Clean Oiled t-val p-val Clean Oiled t-val p-val Clean Paint t-val p-val 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0.33 (0.57) 1. 00 0.42 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 
0 ·~ 

0 0 0 0 0 
0 

0 0 0 0 
0 0 

0 0 0 0 
0 0 

0 0 0 0 
0 0 

0 
/ 0 0 0 

0 0 
0 0 0 0 

0 0 
0 0 0 .0 

0 0 
0 0 0 0 

0 0 

0 0 0 
0 0 

0 0 0 
0 0 0 

0 0 0.16 (0.48) 1.00 0.36 
1.00 0.21 0 0.33(0.571 1.00 0.42 

0.66 0 
0 0 

0 0 0 
0 

0 0 0 
0 

0 0 
0 0 

0 0 0 
0 
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Table 3.9. (Continued) 

I Fucua 
geralinga 

Date Site Clean 

8/06/91 12:UC 0 

1221X 5.Jl(6.80) 

1222C 0 

1l22X 0 

172lC 0 

1723X 0 

8/23/91 12:UC 2.0012.00) 

12:UX 31.33124.19) 

1222C 0 

ll22X 9.0016.00) 

1723C 88.33138.50) 

1723X 19.00120.07) 

Caged Tiles 

Oiled 

0 

0 

.0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Uncaged Tiles Painted Tiles 

t-val p-val Clean Oiled t-val p-val Clean Paint t-val p-val 

0 0 0 0 

1.35 0.30 0 0 0 0 

0 0 0 0 

0 0 0 0 

0.3310.57) 0 1.00 0.42 0 0 

0.6611.15) 0 1.00 0.42 0 0 

1. 73 0.22 0 0 0 0 

2.24 0.15 0 0 0 0 

0 0 0 0 

2.59 0.12 0 0 0 0 

3.96 0.05 0.33(0.57) 0 1.00 0.42 0 0 

1.63 0.24 2.0012.00) 0 1.73 0.22 0.6611.15) 1 1.0 0. 42 



Table 3.10. Mean ~umber of Fucus gem1l~~gs and paired Hest resu_lts fo~ tile pa_irs in 1992. Tile pairs were separated into 3 treatments. Three pairs of tarred aud 
clean tales were caged and 3 paars were uncaged. Three tale paars consasted of one clean and one painted black tile. N = 3 for e·acll tr •. 1 , 1 s·1 •. , 1-. h "C" 1 · "X" d . . . • ~:.a men .• 1 cs em mg 
wu are contro sates; enotes oaled sites. Standard deviations are in parentheses. 

II Fucus Germlings Caged Tiles Uncaged Tiles Painted Tiles 

Date Site Clean Oiled t-val p-val Clean Oiled I-vai p-val Clean Paint t-val p-val 

6/03/92 1221C 54.00 (65.05) 0.50 (0.57) 1.17 0.44 0 0 0.66 (1.15) 2.33 (4.Cl4) 1.00 0.·12 

1221X 14.60 (18.10) 0 1.39 0.29 0 0 0 0 

1222C 0 0 0.66 ( 1.15) 0 1.00 0.42 0.66 (1.15) 1.00 ( 1.73) I .00 0 .. ·12 

1322X 28.00 (26.05) 0.66 ( 1.15) 1.90 0.19 0.66 ( 1.15) 0 1.00 0.42 0 0 

1723C 6.50 (2.51) 0 5.16 0.01 0 0 0 

1723X 2.00 (1.41) 0.50 (0.70) 3.00 0.20 0.33 (0.57) 0 1.00 0.42 0.33 (0.57) 0.66 (0.57) 1.00 0.42 

110 l/92 1221C 47.00 (40.44) 0.66 ( 1.15) 1.90 0.19 9 0 0 0 

1221X 14.60 (11.9~) 0 2.20 0.16 0 0 0 0 
..... 

1222C 21.60 (13.80) 0.66 ( 1.15) 2.70 0.11 3.00 (3.00) 0 1.73 0.22 0 1.33 (2.30) 1.00 0.42 
00 
~ 1322X 39.00 (19.15) 0.33 (0.57) 3.60 0.07 0 0 0.33 (0.57) 0.33 (0.57) 1.00 1.00 

1723C 141.33 (192.05) 8.60 (5.77) 1.22 0.34 0 0 0 0 

1723X 8.50 (2.12) 1.00 ( 1.41) 15.00 0.04 0.50 (0.70) 0 0.10 0.50 0.50 (0.70) 0.50 (0.70) 1.00 I .00 

7/31/92 1221C 33.30 (26.57) 0 2.17 0.16 0 0 0 0 

1221X 30.60 (42.82) 0 1.24 0.34 0 0 4.00 (6.92) 0 1.00 042 

1222C 20.60 (21.22) 0.66 (1.15) 1.57 0.25 0.33 (0.57) 0 1.00 0.42 0.33 (0.57) 1.33 (2.30) 1.00 0.42 

1322X 58.00 (51.09) 1.00 (1.73) 1.90' 0.18 0 0 0 0 

1723C 141.60 (214.13) 4.60 (5.68) 1.13 0.37 0 0 0 () 

1723X 1.75 (2.87) 8.25 ( 16.50) 0.95 0.41 0.75 ( 1.50) 0 1.00 0.39 0 . 0 

)I> 8/28/92 1221C 14.33 '(2.88) 1.30 (1.52) 7.50 0.02 0 0 0 () 

('\ 
23.00 (26.96) 49.66 (12.01) 1.24 0.34 0.33 (0.57) 0 1.00 0.42 4.00 ( 1.00) 1.33 (2.30) 1.43 0.2H 

m 1221X 
1222C ·11.30 (9.01) 4.30 (7.50) 0.75 0.52 0.33 ( 1.73) 0 1.00 0.42 0.33 (0.57) 1.33 (2.30) 1.00 0.42 

~ 1322X 50.00 (13.52) 12.00 (12.16) 2.70 0.11 1.33 (2.30) 0 1.00 0.42 1.00 (1.73) 0 1.00 0.42 

0 
58.33 (85.92) 6.33 (4.04) 1.01 0.42 1.33 (0.57) 0 1.00 0.42 3.33 (5.77) 0 1.00 0.42 

CJ) 1723C 

"' 1723X 2.00 (2.64) 0.33 (0.57) 1.38 0.30 0.66 ( 1.15) 0 1.00 0.42 0.33 (0.57) 0.33 (0.57) 0 1.00 

Ul 
~ 
-o 
CJ) 



Table 3.11. Mean percent algal cover and paired Hest results fur tile pairs in 1992. Data were arcsin-transformed prior 10 ·•wtlysis 1 il . . ·.. . 1 . 3 I I I Th . f d d . • • . c J><IIIS 1\'CIC ~Cjl<IJ'<IIl'l lllltl 
:ea men s.. ree patrs o. tarre ~n ckm~ ~~les were cage_d and 3 were unc~ged. Three tile pairs consisted of one dean and uuc paiutcd black tik. 

N 3 for each treatment. Sues endmg w1th C arc control sues· 'X' denotes otled sites St·mu·1rd d ·vi· ti . · 1 · · · 
0 

d . . . . .. .. • . . . · • • • c " uns a1c 111 parent 1cscs. 1 he 1 !JIJO ttlc pc1cc111 

c ver ata are hsted separately, and were sampled only on 6/03/92. I he 1990 ttlcs arc Clluivalcnt to the unc·1gcd oiled and ·md ·I .. 1 t'l · 1 1 · 1991 Th . r . . c ~.II I c Jh.lll'S r acn Ill 
. c sues not tsted under 1990 had lost or destroyed tile pairs. 

% Algal Cover Caged Tiles Uncagcd Tiles Painted Tiles 

Uate Site Clean Oiled t-val p-val Clean Oiled I-vai p-val Clean Paint I-vai p- val 

6/03/92 1221C 0· 0 31.00 (54.00) 0 1.00 0.42 0 0 

1221X 0.30 (0.57) 0.60 (1.10) 1.00 0.42 29.00 (47.00) 2.00 (4.00) I 09 (l.J8 0.30 (0 57) IUO (0 57) 0 I IHI 

1222C 0 0 21.00 (33.01:)) 1.00 ( 1.70) 1.04 0.40 0 () 

1322X 0 0 27.00 (45.00) 0.60 (0.57) 1.03 0.40 IUO (0.57) () I 011 f) 1.? 

1723C 0 0 81.00 (23.00) 66.00 (36.00) 1.78 0.21 0 0 

1723X 0.30 (0.57) 0 1.00 0.42 45.00 (32.00) 31J.OO (5 I .00) 0.09 0.93 0.60 (0.57) 0 2.lHl !I IX 

7/01/92 1221C 0.30 (0.57) 0 1.00 0.'42 30.00 (29.00) 70.00 (44.00) 1.00 0.42 0.60 (0.57) () 2.00 o l X 

..... 1221X 0.60 (0.57) 0 2.00 0.18 39.00 (42.00) 71.00 (36.00) 0.72 0.54 0.60 (0.57) 0.30 (0.57) 1.00 () ·12 

00 1222C 1.00 ( 1.00) 0.30 (0.57) 1.73 0.22 99.00 ( 11.00) 28.00 (49.00) 2.58 0.12 1.16 . (2.80) 3.60 (5.50) 1.30 (I .l2 
Ct.) 

1322X 32.00 (44.00) 14.00 (22.00) 1.50 0.27 92.00 (8.00) 16.00 (20.00) 4.62 0.04 4.30 (4.50) 2.00 (2.00) 1.60 (I 2-l. 

1723C 1.00 ( 1.50) 0 1.50 0.26 78.00 (24.00) 18.00 (27.00) 3.92 0.06 1.60 (2.80) 1.60 (2.1!0) 0 I . 00 

1723X 2.50 (2.10) 1.00 ( 1.40) 0.60 0.65 47.00 (45.00) 0 1.44 0.38 0.50 (0.70) 0.50 (ll.70) 0 I . 011 

7/31/92 1221C 49.00 (68.00) 0 1.0 I 0.49 70.00 (28.00) 0.50 (0. 70) 3.42 1.18 0.50 (0.70) 0 l .Oil () '>ll 

1221X 30.00 (51.00) 0 1.01 0.41 53.00 (8.40) 5.00 (8.40) 5.21 0.03 0 0 

1222C 0 0 23.00 (23.00) 4.00 (5.00) 1.26 0.33 0.30 (0.57) 0 I . 00 II .J] 

1322X 2.00 2.60 (I .30) 1.30 0.32· 21.00 ( 15.00) 17.00 (28.00) 0.24 0.41 ll.30 (0.57) 0 l.OO () -12 

1723C 0 0 65.00 (56.()()) 47.00 (44.00) 1.12 0.86 O.JO (0.57) () too () -12 

,. 1723X 0.30 (0.57) 2.00 (2.60) 1.00 0.42 53.00 (45.00) 30.00 (38.00) 0.95 0.44 1.00 ( 1.00) 0.60 (1.10) 1.00 0.·12 

n 
m 0 1.00 0.42 63.00 (37.00) 40.00 (39.00) 2.58 0.12 3.60 (5.50) 1.60 (2.80) 0.41! (I (J 7 

8/28/92 1221C 0.30 (0.57) 

1221X 0.60 (0.57) 0 2.00 0.18 52.00 (44.00) 33.00 (41.00) 0.89 0.46 0.60 (0.57) 0 2.00 Oil! 

~ 

0 1222C 42.00 (37.00) 0 1.92 0.19 47.00 (49.00) 17.00 (24.00) 1.00 0.42 0 0 

[)) 
(18.00) 0.30 (0.57) 1.30 0.32 41.00 (50.00) 11.00 ( 10.00) 1.08 0.39 64.00 (55.00) 36.00 (32.00) I'JJ () I I) 

1\l 1322X 14.00 
~ l723C 2.00 (2.60) 0 1.30 0.32 36.00 (40.00) 6.00 (5.70) 1.42 0.28 26.00 (46.00) 1.60 (2.80) I 00 () .·12 
,.. 
.0 1723X 3.60 (2.30) 0.30 (0.57) 2.00 0.18 40.00 (45.00) 8.00 (7.00) 125 0.34 25.00 (42.00) 0.60 ( 1.1 0) 1.04 l .JO 

.0 



Table J.ll. 

Date 

6/03/92 

.... 
0 
CJ) 

N 
ua 
ua 
0 
0 

(Continued) 

While clay tiles placed in 1990, Uncaged 

. Sire Clean Sid 

1221X 7.5 15.00 
1322X 77.0 19.00 
1723C 0.5 0.57 
1723X 72.5 17.00 

% Algal Cover 

Oiled Std I-vai p-val 

0.4 0.5 1.07 0.34 
7.5 8.3 5.11 0.01 
0.0 I. 73 0.18 
0.5 0.7 5.71 0.11 



Table 3.12. 

3.12A. 

Site 

1361C= 1 
1361X= 2 

1 
2 
1 
2 
1 
2 
1 
2 

1362C= 1 
1362X.= 2 

1 
2 
i 
2 
1 
2 
1 
2 

Grazer densities compared between control and oiled sites of a juvenile mussel recruionent studv. 
Section A presents means. standard deviations (SID) and ANOV A results. Section B sho~s 
repeated measures ANOV A results. Site 1361 X is part of a segment known to have been treated 
with an OMNI boom. although oiling was observed to be moderate when the experiment was 
established. Site l362X is located in Bear Cove. a protected embayment on the east side of 
Herring Bay, which received only light oiling in 1989 and was not treated. 

Means, SID. and ANOVA results 

Date Count Mean STD F-Ratio p-Va1ue 

6/01/91 12 38.25 3.47 28.97 0 
12 11.83 3.47 

6/10 12 39.58 4.76 14.25 0.001 
12 14.16 4.76 

6/20 12 25.33 3.83 7.15 0. 913 9 
12 10.83 3.83 

7/01 12 36.92 7.75 1. 23 0.2788 
12 24.75 7.75 

8/13 12 44.50 4.15 38.71 0 
12 8.00 4.15 

6/01/91 12 35.33 12.21 1.29 0.269 
12 15.75 12.21 

6/10 12 45.17 9.26 4.14 0.054 
12 18.50 9.26 

6/20 12 25.33 4. 31 1. 72 0.2032 
12 17.33 4.31 

7/01 12 31.92 5.27 0.04 0.8509 
12 30.50 5.27 

8/13 11 30.18 , .. 5. 38 0.45 0.5082 
12 25.17 5.15 

3.128. Repeated Measures 
Analysis of Variance Report 

Source Dl". Sum-Squares Mean Square 1"-Ratio Prob>l" Brror Term 

ANOVA Table for Re•pon•• Variable•: Time 1 - Time 5, Site• 1361C: and. 1361X 

A (SITE 1 15870 15870 19.80 0.0002 S (A) 
S (A) 22 17631.95 801.4523 None 
DATE 4 2065.917 516.4791 2.88 0.0273 ERROR 
SITE* DATE 4 2336.251 584.0627 3.25 0.0155 ERROR 
ERROR 88 15803.03 179.5799 
TOTAL(Adj) 119 53707.16 

ANOVA Table for R••pon•• Variable•: Time 1 - Time 5, Site• 1362C: and. 1362X 

A(SITE 1 5170.094 5170.094 2.35 0.1400 S (A) 
S (A) 21 46140.95 2197.188 None 
DATE 4 1706.695 426.6738 1.08 0.3716 ERROR 
SITE*DATE 4 2590.227 647.5568 1.64 0.1720 ERROR 
ERROR 84 3.3183.08 395.0366 
TOTAL(Adj) 114 88791.04 

185 
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Table 3.13. A. Means and standard errors (SE) of barnacle recruits and juvenile Mytilus that settled on 9 
em: epoxy tiles mounted on floating settlement stations. Two were in the eastern portion of 
Herring Bay. and three were located in the western portion. Each site had three separate 
floating stations with 12 tiles each. B. Means. SE. and t-test results for the mean weight 
difference of plaster-of-paris hemispheres placed on the floating stations on three separate dates. 
Each station had four hemispheres per sample date. Hemispheres were left on the plates for 
approximately 120h. 

A. Eastern Herring Bay Central & Western Herring Bay 
Barnacle Barnacle 

Site Date Recruits SE Mytilus SE Site Date Recruits SE Mytilus SE 
5012 6/10/91 0 0 0 0 145 6/10/91 0 0 0 0 

6/17/91 0 0 0 0 6/17/91 0 . 0 0 0 
6/24/91 0 0 0 0 6/24/91 0.33 0.4 0.66 0.81 
7/01/91 0 0 2.33 1.07 7/01/91 0 0 2 1 
7/08/91 0 0 15 1.22 7/08/91 0 0 13 2.44 
7/15/91 0 0 50.3 34.3 7/15/91 0.33 0.4 90.66 11.38 
7/23/91 0 0 89 13.4 7/23/91 0.33 0.4 >100 
7/29/91 0 0 >100 7/29/91 0 0 >100 
8/05/91 0 0 >100 8/05/91 0 0 >100 
8/12/91 0 0 '100 8/12/91 0 0 >100 
8/19/91 0 0 >100 8/19/91 0 0 >100 

122 6/10/91 0.33 0.4 0 0 125 6/10/91 0 0 0 0 
6/17/91 0.33 0.4 0 0 6/17/91 0 0. 0 0 
6/24/91 0 0 0 0 6/24/91 0.66 0.81 1 1 
7/01/91 0 0 2.66 2.67 7/01/91 0.33 0.4 2.33 1.62 
7/08/91 0 0 14.33 6.78 7/08/91 1 1.22 4.66 1.47 
7/15/91 0 0 72.66 33.4 7/15/91 0 0 24.6 26.6 
7/23/91 0.33 0.4 82.6 21.2 7/23/91 1 1 >100 
7/29/91 0 0 66.6 40.8 7/29/91 1. 33 0.4 75.6 29.8 
8/05/91 0 0 >100 8/05/91 0 0 73.3 32.6 
8/12/91 0.33 0.4 90.66 11.7 8/12/91 1 1.22>100 
8/19/91 0 0 >100 8/19/91 

133 6/10/91 0 0 0 0 
6/17/91 0 0 0 0 
6/24/91 0 0 0 0 
7/01/91 0 0 3.66 1.47 
7/08/91 0 0 11.33 2.15 
7/15/91 0 0 >100 
7/23/91 . 0.66 0.4 90.6611.4 
7/29/91 0.33 0.4 >100 
8/05/91 0 0 >IOO 
8/12/91 0 0 >100 
8/19/91 0.33 0.4 47 32.8 

B. Plaster-of-Paris Dissolution Hemispheres 

Control N:a24 Oiled N=36 
Mean Weight Mean Weight 

Date Difference SE Difference SE -t-val p-val 

5/19/91. 27.3 1.23 26.9 1.28 0.21 0.82 
6/17/91 41.9 0.81 43.5 0. 72 1.49 0.14 
8/03/91 41.4 1.1::!.• 34.8 0.9 4.55 o.oo 

186 ACE 10825502 
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Table 3.14. \teans. standard errors (SE) and ANOV A test results of percent reduction of algal cover and 

limpet density from limpet fencing and caging studies conducted in 1991. The enclosures had trearmems 
of algae retained "A" or removed. Additional treatments included limpet densities represented by 'X' for 
the mean density of limpets per 625 em: (7 for the upper contour, 12 for the lower contour). Treatments 
were doubled (2X) and halved (X/2). as well as treatments with no limpets placed ("AO, "0"). 

Percent Reduction in Algal Cover Percent Reduction in Limpet Density 

Treatment Control SE Oiled SE F-Ratio p Control SE Oiled _SJ~ F-_Ratio P- ~ 

Fences 
Upper Contour (n=4) 

0 0 0 0 0 0 

AO 

X/2 

AX/2 

X 

0 

0 

36 

0 

0 

+3.9 2.4 1.52 0.26 0 

100 

50 

0 

0 

AX 

2X 

A2X 

0 

0.7 

0 

28 

0 

12 +100 

0 0 

0. 6 +18 

0 0 

10 48 

Lower Contour (n=4) 
0 0 0 

AO 

X/2 

X 

AX 

2X 

A2X 

Cages 

+2. 9 23 

0 

20 

0 

20 

0 

33 

0 

14 

0 

H 

0 

14 

Lower Contour only (na3) 

0 

0 

0 

24 

0 

18 

0 

39 

0 0 0 0 

AO 

X/2 

AX/2 

X 

AX 

2X 

A2X 

41 

+47 

15 

+11 

31 

+16 

15 

14 

57 

-9 

14 

23 

18 

9 

+ • 1ncraaae in \ cover 

9 

33 

73 

33 

55 

6 

58 

0 

82 

0 

58 

0 

39 

0 

0 

0 

16 

0 

14 

0 

21 

0 

7 

41 

16 

40 

23 

7 

26 

1.91 0.21 

0.3 0.6 

0.32 0.59 

0. 03 0. 86 

7 

80 12 

46 16 

78 12 

79 13 

0 

0 

93 

0 

0 

7 

81 21 

68 4 

0. 01 0. 92 > .~ 8 8 12 

86 11 

0. 07 0. 79 

5.96 0.07 

1.94 0.20 

l3. 94 0. 02 

1~63 0.27 

0.53 0.50 

0.73 0.43 

3. 5 0.13 

187 

83 

0 

0 

9 

0 

0 

22 6 

2!' 6 

22 2 

22 2 

38 10 

25 12 

0 0 

0 0 

87.5 14 

83 

46 

91 

82 

92 

0 

0 

91 

91 

19 

30 

5 

12 

4 

0 

0 

9 

9 

1.00 0.35 

3. 43 0.11 

1.37 0.28 

8.34 0.02 

0. OS 0. 82 

0.97 0.36 

0.04 0.84 

0.26 0.62 

.100 

85 

86 

86 

0 72.99 0.0001 

0 

0 

16 

11 

33 

22 

28 

11 

13 

8 

9 

0 

0 

3 

8 

9 

13 

6 

3 

0.04 0.85 

0.000 0.96 

0.06 0.81 

1.00 0.37 

0. 8 0. 42 

0.73 0.4~ 

0.00 1.00 

0.96 0.38 

1.64 0.26 
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Table J.IS. Mean differences in limpet weight, length and width from the upper and lower contours of the limpet fencing study .. Sample sizes of recovered 
limpets (N) and t-test p-values are also presented. 

Upper Contour l.owcr Contour 

l-lest !-lest 
Treatment Code Control N Oiled N p Dir<;ction Control N Oiled N p Direct ion 

Weight Difference (in grams) 

2X -0.34 5 0.09 6 0.1 0.03 10 0.00 6 0.0--t c ·0 

A2X 2 0.01 8 0.06 4 0.1 0.01. 8 0.01 4 0.84 

AX 3 0.02 14 0.16 3 0.01 C<O 0.01 5 O.o4 5 0.3 

AX/2 4 0.34 2 0.2 6 0.02 C<O 0.07 2 0.05 2 0.72 

X 5 0.01 5 0.1 3 0.08 0.03 7 0.0 0 

X/2 6 0.0 0 0.02 2 0.01 0.03 2 

Length Difference (in mm) 
..... 2X I 0.4 5 1.3 6 0.35 0.3 10 -0.33 6 0.35 
00 
00 

2 -0.12 8 0.5 4 0.52 0.25 8 0.25 4 1.00 
A2X 

3 0.28 14 2.86 3 0.13 -0.3 5 1.4 5 0.05 c'o 
AX 

0.0 2 0.8 6 0.63 0.5 2 2.5 2 0.1 
AX/2 4 

0.4 5 1.83 3 0.19 1.0 7 0.0 0 
X 5 

0.0 0 0.5 2 0.0 0.5 2 
X/2 6 

Width Difference (in mm) 
6 O.'JJ 

5 0.75 6 0.52 0.3 10 0.3 
2X 0.2 

)II> 
1.0 4 0.58 0.12 8 0.25 4 0.67 

n A2X 2 0.5 8 
m -0.3 5 1.4 5 0.05 C<O 

AX 3 0.36 14 2.3 3 0.08 

.... 
1.5 6 0.18 -0.5 . 2 1.5 2 0.1 

0 AX/2 4 0.5 2 
CJ) 

0.26 1.0 7 0.0 0 
N 

X 5 0.0 5 1.5 3 
VI 
VI 1.5 2 1.0 1.0 2 
0 X/2 6 0.0 0 
~ 



Table 3.16. Mean differences in limpet weight. length and width from the limpet caging study. Sample sizes 
of recovered limpets (N) and t-test p-values are also presented. 

Treatment Code Control N Oiled N t-test :Jirection 

Weight Difference (in grams) 

2X 1 -0.02 44 -0.02 49 0.76 

A2X 2 0.01 54 0.02 64 . '0. 24 

AX 3 0.05 28 0.002 28 0.000 C::.O 

AX/2 4 0.002 14 0.4 15 0.3 

X 5 0.02 27 0.01 24 0.025 _ C::.O 

X/2 6 0.007 14 0.00 16 0. 71 

Length Difference (in mm) 

2X 1 0.04 44 0.06 49 0.22 

A2X 2 0.02 54 0.39 64 0.0001 C<O 

AX 3 0.25 28 0.32 28 0. 71 

AX/2 4 0.14 14 1. 06 15 0.006 C<O 

X 5 0.18 27 0.25 24 0.65 

X/2 6 0.07 14 0;37. 16 0.34 

Width Difference (in mml 

2X 1 -0.02 44 0.13 49 0.8 

A2X 2 0.02 54 0.20 64 0.04 C<O 

AX 3 0.17 28 0.28 28 0.48 

-- AX/2 4 0.07 14 0.53 15 0.05 C<O 

X 5 0.44 27 0.04 24 0.02 C>O 

X/2 6 0.0 14 0.06 16 0.73 
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Table 3.17. Mean dry weights and standard errors ISE) of Fucus and filamentous algae taken from within 
fences and cages at the beginning and end of the experiments. ANOVA F-ratios and p-values are 
also presented. Both studies are pooled together for the "Beginning" and "End" results. The 
"Algae" and "No Algae" dry weights presented below are only from the caging experiment. 

Fucus Dry Weight (in grams) 

Mean SE N" F-Ratio p 

Beginning of Experiment 

All Enclosures Combined 

Control 14.1 ~ ? .:l._ 44 15.77 0.001 

Oiled 1.2 0.39 44 

. End of Experiment 

All Enclosures Combined 

Control 8.53 1.9 64 15.23 0.0002 

Oiled 0.86 0.27 63 

"Algae" Treatments -Algae Retained in Cages Only 

Control 20.7 7.07 12 7.01 0.01 

Oiled 1.79 0.86 12 

"No Algae" Treat:nlents - Initially Cleared from Cages Only 

Control 0.000 - I 2 1.00 0.32 

Oiled 0.-()04 0.0041 12 

190 

Filamentous Algal Dry Weight (in grams) 

Mean SE 

4.54 0.88 

6.0. 1.04 

3.13 0.76 

8.47 3.46 

5.0 1.67 

1.91 1.01 

0.009 0.009 

N 

44 

44 

64 

63 

12 

12 

12 

12 

F-Ratio p 

1.15 0.28 

0.56 0.45 

1.23 0.27 

3.47 0.07 
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Table 3.18. The number of tagged limpets recovered from each sire and trearmenr where Fucus canopy was 
removed and retained. Results from a Two-Sample Sign resr are also presented. Location- refers - -
ro rhe easr or wesr side of Herring Bay. 

Sire Location Status 

133 Wesr Oiled 
145 Wesr Oiled 

5012 Easr Oiled 
5005 Easr Control 

5009 Easr Control 

5011 Easr Control 

Two-Sample Sign Test: C<N=2 p=0.68 
C=N=O 
C>N=2 

:f. Retrieved Cleared Plor Uncleared 

15 7 8 
4 .., 2 -... 
3 2 
2 

2 2 
2 2 

Table 3.19. The mean number of dead limpets (out of 7) collected from oiled and non-oiled cages. Standard 
errors (SE) and r-test results are also shown. 

Oiled SE Non-Oiled SE r-Value p 

Mean mortality of both limpet groups (n=8) 

2.75 0.88 1.625 0.375 1.17 0.28 

Mortality of Tectura persona (n=4) 

2.50 1.19 1.25 0.62 0.92 0.38 

Mortality of Louia pe/ta (n=4) 

3.00 1.47 2.25 0.629 0.46 0;65 

ACE 10825507 
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CHAPrER 4. GENERAL DISCUSSION 

Physical Differences Among Sites 

Herring Bay experiences many extremes in physical variables. 
Temperatures on intertidal substrata can range from oo to over 43°C and 
desiccation stress can be severe on sunny or windy days. Salinity ranges from 3.5 
to 29 ppt. Frequent storms produce high winds and waves. During winter 
months, ice may form in protected embayments and coves and scour the 
shorelines. Given these factors, which potentially affect intertidal populations, 
observed differences between sites cannot be solely attributed to oil or shoreline 
treatment. It is possible, however, to quantify these physical factors at oiled and 
control sites in order to ascertain differences between sites, and if differences 
exist, then to estimate their effect on community structure and dynamics. For 
example, if ice scouring is more severe at control sites compared to oiled sites and 
removes Fucus from the intertidal, then any observed decreases in Fucus at oiled 
sites would be a conservative estimate of the actual decrease. 

Community Organization 

To integrate the observations and experiments described in this report, an 
interaction web has been constructed (sensu Menge and Sutherland 1986), 
graphically showing the organization of the intertidal community of Herring Bay 
(Fig. 4.1). The figure shows all of the major organisms, or groups of organisms, 
(hereafter referred to as taxa) found in the rocky intertidal habitat in Herring Bay 
and interactions which occur between those taxa. Some higher trophic level taxa 
are also listed in the ·web based on studies on those higher trophic levels (Patten 
1993, Sharp and Cody 1993). Each arrow indicates that the taxa from which the 
arrow originates has a negative effect on the taxa at the end of the arrow. ·-In 
some cases, taxa may have a positive effect on others and these are indicated with 
a plus sign next to the arrow. The thickness of the arrow indicates the relative 
strength of the interaction. Stronger interactions exert more influence over the 
population structure of the target taxa than weaker interactions. In addition to 
biological taxa, physical "taxa" have been included because ·they may also · 
influence organisms or interactions. In one case, a physical factor is affected by 

, an organism; the presence of large Fucus plants reduces local desiccation stress. 
Most of the stronger interactions were elucidated through experiments and 
observatipns over the past three summers. Many of the weaker interactions were 
derived from unquantified observations. Field teams spent over 11 months in 
Herring Bay during the 1990, 1991 and 1992 .sampling seasons, making extensive 
observations of study sites possible. 

The web presented here (Fig. 4.1) represents the entire intertidal range over 
all study sites in Herring Bay. Not all of the species or entities co-occur at all 
sites or tide levels. For example, Nucella is patchily distributed throughout 
Herring Bay. Many of the entities exerting or receiving strong interactions are 
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found throughout the tidal range, although density peaks at certain tide levels are 
common. The major interactions of the web are a fair representation of the 
intertidal community in Herring Bay. 

Large Fucus plants are the most abundant organism in the intertidal in 
Herring Bay in terms of biomass and play a central role in the interaction web. 
Large Fucus plants provide habitat and protection for gastropods from predation 
and desiccation, particularly Lottia spp. and Littorina, spp .. La.rge Fucus plants 
also seem able to outcompete other algae and Fucus germlings for space, light, and 
possibly nutrients. This is illustrated by higher abundances of ephemeral algae at 
sites where Fucus had lower percent covers due to removal by the EVOS and 
dean-up activities (Figs. 2.10-12). The mechanisms responsible for this 
competitive effect are presently unknown. Large Fucus plants also have the 
potential to remove algal germ.lings, including Fucus, and possibly barnacle 
recruits by the whiplash effect (Table 2.2). Finally, large Fucus plants can 
decrease the desiccation stress in local· areas (Table 2.1). Ice can potentially 
remove large Fucus plants, creating bare patches. 

In addition to whiplash from adult plants, Fucus germlings are vulnerable 
to predation by limpets and L. sitkana (personal observations) and to desiccation 
stress (Fig. 2.17). Compared to open rock surfaces, germlings located in cracks 
and crevices have greatly improved chances of survival in the presence of grazers 
and with respect to environmental stresses (Table 2.3). 

Ephemeral algae are eaten by both littorines and limpets. In some cases, 
but not all, fewer ephemeral algae were ob§erved in limpet fences and cages with 
herbivores present than in cages lacking herbivores. Reduced algal cover may 

· enhance barnacle recruitment because ephemeral algae preempt space (Denley 
··and Underwood 1979; Hawkins and Hartnoll 1983; van Tamelen 1987; Farrell 

1988). Barnacle populations can be severely reduced by high densities of Nucella 
spp. (Menge 1978), but Nucella only occurs in isolated patches in Herring Bay 
(Fig. 3.6). Seastars, such as Pycnopodia, Pisaster and Leptasterias, are voracious · 
predators and probably impact the populations of lower-intertidal limpets, 
mussels, and Nucella. 

Some larger organisms rely heavily on the intertidal for food. Both river 
and sea otters have been observed feeding on mussels and seastars. Various birds 
frequently prey on intertidal invertebrates. Glaucous-winged gulls prey on 
seastars and American Black Oystercatcher chicks. Adult Black Oystercatchers 
feed primarily on mussels, clams, barnacles, and limpets and can alter the size 
structure of limpet populations on a local scale (Andres, unpublished data). 
Migratory shorebirds frequent Herring Bay, preying on small mussels and limpets 
(Andres, personal communication). Harlequin Ducks feed primarily on Iittorine 
snails, mussels, and limpets (Patten 1993). Crows and ravens have often been 
observed preying on Nucella. 
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Effects of the Oil Spill 

___ There werethree ways in which -the interaction-web-coulci have been 
modified by the oil spill. First, the abundances of some entities in the web were 
reduced. The organisms damaged directly by the spill have been italicized and 
replaced with unfilled letters in the modified interaction web (Fig. 4.2). Second, 
entities which interacted strongly with those damaged by the spill may have 
changed abundances as an indirect effect of oil. Entities indirectly affected by the 
EVOS have been circled. Finally, the changes in abundances of some of the 
entities have caused changes in the strength or presence of interactions. Higher 
trophic level taxa which may have been indirectly affected by oil by foraging on 
contaminated intertidal invertebrates, but are not a focus of these studies, are 
represented by octagons. 

A major consequence of the EVOS for the intertidal community was the loss 
of large Fucus plants in oiled areas (Figs. 2.1, 2.3, 2.5, 2.18). Without adult Fucus, 
limpets and littorines were left without a major structural component of their 
habitat. Desiccation stress was also more severe in oiled areas due to the lack of 
Fucus canopy (Table 2.3) and where tar was present, surface temperatures may 
have increased (Straughan 1976). Removal of the competitively dominant alga 
may have caused higher abundances of ephemeral algae (Fig. 2.10-12). No 
reductions in Fucus germlings were observed after the spill, but germlirigs 
suffered from higher desiccation strE!SS due to the lack of adult Fucus canopy at 
oiled sites. Whiplash from adult plants was also reduced in oiled areas, but 
germlings were still confined to cracks and crevices in the substrate due to 
environmental conditions (Table 2.3). 

Recruitment of barnacles, which were directly affected by the spill, has been 
high at oiled sites, probably due to circulation patterns (Table 3.5a, Figs . .3.8a and 
3.8b). Limpet populations, although showing some recruitment, have yet to fully 
recover from the oil spill (Table 3.3). This delayed recovery of limpets may be 
related to the reduction of adult Fucus plants, resulting in increased predation 
and higher desiccation and heating stresses. 

Recovery Processes 

Fucus, the organism most affected by the spill, is also the most important in 
the community in terms of biomass and "interactions. Therefore, it is logical that 
general recovery of the intertidal community binges in great part on the recovery 
of Fucus populations, especially in the upper intertidal. The mechanisms of 
Fucus recovery have been discussed in Chapter 2. It was argued that successful 
Fucus ·recruitment required the presence of cracks and crevices_ in the substrate. 
The heterogeneities in the substrate protect newly settled Fucus from desiccation, 
herbivory, and whiplash from adult plants. Barnacle tests can also provide 
sufficient substrate heterogeneity to improve Fucus recruitment (Lubchenco 
1984). Thus, as barnacles colonize areas denuded by the EVOS and grow to 
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sufficient size (0.5 - 1.5 em), Fucus may follow. In this way, the heavy 
recruitment of bamacles observed at the oiled sites (Table 3.5.a, Figs. _3_.8.a and 
3.8.b) can possibly lead to enhanced recovery rates.· - · · - ·· 

As Fucus becomes re-established and grows to larger sizes, the habitat 
should become more favorable for limpets and littorines. Ephemeral algae will be 
outcompeted and reduced to control levels. Desiccation stress will also be reduced 
as a Fucus canopy develops, enhancing recruitment of Fucus germlings~ For 
reasons given above, Fucus can be used as an indicator to assess the current stage 
of recovery and to estimate times for damaged intertidal habitats to completely 
recover. This approach is justified, at least for the upper portion of the intertidal 
zone, because Fucus appears to play a central role in structuring this community. 
The invertebrates have recruited more rapidly at the lower intertidal levels where 
Fucus has recovered and is abundant. 

Four summers after the EVOS, the intertidal communities of Herring Bay 
are recovering but have not fully recovered. Damage from oil and cleaning was 
minimal in the low intertidal in most cases, so recovery has been rapid in that 
area. In the mid-intertidal, damage was potentially severe, but due to relatively 
low desiccation stress, Fucus has almost completely recovered. Some invertebrates 
continue to show lower densities at several oiled sites in the mid- and 
low-intertidal, with only limited recovery in 1992 (Table 3.3, 3.4). Limpets showed 
decreasing population densities through 1991; they had lower densities at oiled 
sites in 1991 compared to 1990. The reasons for this are unclear, but one possible 
explanation is that the limpets survived oiling and clean-up operations and died 
due to other factors 1-2 years after the spill. Since Fucus canopy was removed in 
many of the oiled areas, limpets were exposed to higher· desiccation stress and left 

·open to visual predators such as oystercatchers, Harlequin Ducks, and other birds. 
Once the Fucus canopy is re-established, limpets may recover from their declines. 

At the end of the 1992 season in the mid-intertidal, there were dense beds 
of young Fucus plants just starting to become reproductive. These plants were 
found in higher densities than the plants in control areas due to their smaller 
size. In the future, it is expected that the density of Fucus plants will fall to 
values similar to the control sites. We predict that it will take an additional one 
or two years for Fucus to fully recover in the mid-intertidal. In the upper 
intertidal, where desiccation stress is high, recovery of Fucus is proceeding slowly. 
As growth rates of plants of all sizes in the upper intertidal are greater at the 
oiled sites, the rate-limiting step seems to be settlement of.Fucus eggs and 
recruitment of new germlings. Some recruitment has occurred but only in the 
deepest crevices in the rock surface. As the plants which have recruited into the 

. high intertidal grow, they will be able to ameliorate desiccation stress, enhancing 
Fucus and invertebrate recruitment. 

As the newly recruited Fucus plants in the upper intertidal zone grow and 
become reproductive, they will make environmental conditions more favorable for 
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further Fucus settlement and recruitment. Since Fucus recruitment in the high 
intertidal has been sparse and patchy (note the high variances in Figs. 2.4) full 
recovery is dependent upon the intraspecific enhancemEmt of settlement and 
recruitment of new plants after the maturation of the initial recruits. Recovery 
may take up to another four or five years as this second set of recruiting plants 
grows and matures. This estimate assumes that recovery will be completed after 
the second recruiting class of plants colonizes the upper intertidal and grows to 
maturity. Additional recruiting classes may be necessary, increasing the time to 
full recovery. In addition, after Fucus has fully recovered, invertebrates must also 
colonize the damaged habitats, so monitoring of invertebrates is necessary to fully 
assess recovery. 

Restoration of Fucus in this damaged habitat may be warranted and 
feasible on small scales. The recovery of Fucus may take many more years in the 
high intertidal zone, especially on shorelines with a southern aspect as these 
shores would be subjected to greater desiccation stress. The easiest method of 
active restoration would be to enhance the recovery process of Fucus. This would 
involve reducing desiccation stress and perhaps supplying the damaged habitat 
with Fucus embryos. Desiccation can be reduced by securing coarsely woven 
fabric over the substrate which would retain moisture and reduce solar radiation. 
Fucus embryos can be supplied by inducing fertile plants to release their eggs in 
the laboratory and then spreading these eggs over the area to be restored. We 
have also presented evidence that oil still adhering to the substrate can reduce 
algal recolonization. DeVogelaere and Foster (1993) have shown that in Herring 
Bay tar spots disappeared rapidly. Only about 10-20% of tar patches marked in 
fall 1990 remained after 11 months. Therefore, further cleaning of this habitat is 
unwarranted. 

Applications to Other EVOS Impacted Areas 

We have shown here that the damage to our sites in Herring Bay are· 
similar to the EVOS impacts documented in the CHIA studies in Prince William 
Sound. For this reason, we feel that the community dynamics described here may 
apply over the entire Prince William Sound region. Due to greater exposure to 
wave forces, the other two areas sampled by the CHIA studies, however, seem to 
show different patterns of damage. These two areas, Cook Inlet/Kenai and 
Kodiak/ Alaska Peninsula, are subjected to large waves generated in the Gulf of 
Alaska which have created intertidal communities which are more diverse and are 
more productive (Leigh et al. 1987). This exposure may result in community 
dynamics which are quite different from those occurring in the relatively wave
protected areas of Prince William Sound. Due to these possible differences in 
community organization resulting from higher wave exposure and the differences 
observed in community structure (Highsmith et al. 1993), we feel that the results 
obtained in Herring Bay may not be applicable to Cook Inlet/Kenai or · 
Kodiak/ Alaska Peninsula. 
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To Clean or Not to Clean 

Due to the lack of adequate treatment records, it was not possible to 
experimentally assess the impact of various clean-up technologies on the intertidal 
community. However, it is thought that site 1732X, as well as several of the 
bamacle recruitment study sites, were not treated. Comparison with control site 
1732C showed few differences in the densities of invertebrates and Fucus and the 
percent cover of Fucus, suggesting that the oil per se had little effect on the 
components of the intertidal community discussed here. Unfortunately, due to 
lack of observations, there are no data on the level of oiling at 1732X. On a 
smaller site immediately adjacent to 1732X, heavy tarring remained as late as 
September 1992. Further, a nearby site, 1311X, had relatively high hydrocarbon 
concentrations (Table 3.2). Sites which did receive clean-up treatments often 
showed reductions in Fucus and invertebrate populations compared to controls, 
suggesting that the severe clean-up technologies applied in Herring Bay may have 
been more harmful to _the intertidal communities than leaving the oil in ·place. In 
contrast, we have presented evidence that tar and oil stain on porous surfaces 
inhibits the settlement or early survival of some ephemeral algae, Fucus and some 
invertebrates, but that natural removal of oil on rock surfaces is proceeding 
rapidly. In contrast, ongoing studies of mussel beds which were oiled and not 
treated in Herring Bay still have some of the highest hydrocarbon concentrations 
in mussel tissue and sediment in Prince William Sound (Rounds, personal 
communication). Based on the interaction web presented here, mussel beds are 
potentially important forage areas for vertebrates in -Herring Bay. 

Recommendations 

For future oil spills, the best strategy may be to utilize low to moderate 
intensity treatment methods to remove the thickest mats of oil·while still leaving 
as much of the intertidal community intact as possible. Cleaning may be 
appropriate in protected embayments where oil would be less likely to be washed 
away and recruitment may be limited or sporadic. These recommendations, 
however, are based on the community studied in Herring Bay. Oil spills in other 
regions may need to be treated differently. For example, if oil were spilled in a 
northern, wave protected area similar to Herring Bay, but where the substrate 
was composed of porous rock, such as sandstone, an intensive approach to cleaning 
may be best for the intertidal community. The porous nature of the rock would 
tend to trap oil and allow greater adhesion of oil onto the substrate, potentially · 
leading_ to longer weathering times for the oil. In this case, more intensive 
cleaning may be warranted since lingering oil may impede the recovery of the 
intertidal community. In geographic areas where the intertidal community is 
substantially different from the community studied here, the results and 
recommendations of this study may not apply. 
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eJiminated (Fig. 4.1). ' 
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