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Herring Bay Experimental and Monitoring Studies 

Restoration Project 95086C 
Final Report 

Study History: A comprehensive assessment of coastal habitat was initiated as Coastal Habitat 
Study No. 1 in 1989 following the Exxon Valdez oil spill disaster. In 1990, experimental studies 
began in Herring Bay, Knight Island, Prince William Sound, which were designed to compliment 
the overall monitoring program by experimentally assessing intertidal community dynamics and 
mechanisms of recovery. This experimental approach went beyond basic species inventories, 
· allowing a more comprehensive assessment of the oil spill 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. 

Abstract: Intertidal studies established in 1990 in Herring Bay, Prince William Sound in 
response to the TIV Exxon Valdez oil spill continued through the 1995 field season. Data were 
compared for matched oiled and control sites. For the dominant intertidal alga, Fucus gardneri, 
densities were lower, the reproductive plants had fewer receptacles per plant, and egg settlement 
rates were lower on oiled sites, especially in the higher intertidal. Fucus canopy enhanced 
recruitment of germlings. Fucus germlings were negatively affected by herbivores and 
desiccation, and substrate affected long-term survival. Excluding plants which lost thallus 
material, plants grew faster at oiled sites. Experiments employing biodegradable erosion control 
fabric mats to act as a substrate for Fucus germlings showed dense populations of Fucus one 
year after deployment, but deterioration of the fabric occurred in over winter in the second year. 
Tectura persona and Littorina sitkana continued to show reduced densities on oiled sites in 
1995. Filamentous algal percent cover and mussel recruitment and growth were greater on oiled 
sites. These patterns may be related to the detection of greater water motion on oiled sites based 
on calcium sulfate cylinder dissolution rates. 

Key Words: Algae, barnacles, Exxon Valdez oil spill, Fucus, Herring Bay, intertidal, 
invertebrates, limpets, littorines, mussels, oil spill, pollution, Prince William Sound. 
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EXECUTIVE SUMMARY 

Over the six years that the Herring Bay studies were conducted, we were able to 
determine the major ecological forces acting on all of the life history stages of Fucus gardneri 
the dominant alga in Prince William Sound. This study represents the most thorough study of 
Fucus ecology on the Eastern Pacific shore. Fucus populations were altered by the oil spill and 
subsequent cleanup. After the oil spill, there were fewer large plants, reproductive plants, and 
lower settlement rates at oiled sites relative to unoiled sites. Ephemeral algae were more 
abundant at oiled sites, probably as a result of the removal of competitive dominants. Recovery 
of Fucus populations is obvious from the data which show a cohort of plants recruiting in 1990 
and growing to adult sizes in 1995. The pace of recovery was slower in the high intertidal and 
varied between sites. By 1995, the original sampling design did not detect many differences 
between oiled and control sites, but when sampling was focused in the very high intertidal 
region, there were still fewer large plants and reproductive plants at oiled sites subjected to direct 
sunlight relative to unoiled sites. 

To understand what factors have been limiting the recovery of Fucus populations in the 
high intertidal and on sunny shores, experiments were conducted involving all life history stages 
of Fucus. Egg production was not reduced for oiled plants relative to unoiled plants, but 
settlement rates were much lower on oiled shores relative to unoiled shores. In the high 
intertidal, lower settlement rates have persisted through 1995, showing little recovery. On the 
other hand, settlement rates have recovered in the mid intertidal zone. These low settlement 
rates at oiled sties may be due to reduced densities of reproductive plants. Fucus eggs travel 
very short distances from their parent plant, so local reductions in reproductive plant density 
could result in low settlement rates. One possible mechanism by which Fucus could inoculate 
shores with zygotes is by detached drifting plants washing up on the shore. 

After settlement, Fucus zygotes rarely survived on flat rock and were confined to cracks 
and crevices. Cracks and crevices, appearing essential to Fucus recruitment, provided protection 
from desiccation, whiplash by adult plants and herbivory. The presence of adult Fucus canopy 
had conflicting effects on recruitment. Canopy removed germlings by whiplash when the 
canopy was thrust back and forth by waves, but canopy also greatly reduced desiccation stress 
and enhanced recruitment. In Herring Bay, the overall effect of canopy appeared to be positive 
for Fucus recruitment, since germlings could find refuge from whiplash in cracks. Herbivory 
had relatively few effects on Fucus recruitment density but caused a decreased growth of 
germlings. The most important factor affecting Fucus recruitment was desiccation, limiting 
recruitment in the high intertidal and on sunny shores. 

Growth of established Fucus plants at oiled sites was slightly faster than at unoiled sites. 
The increased growth rates could be due to reduced intraspecific competition. Where Fucus was 
able to successfully recruit at denuded oiled sites, recovery was enhanced by higher growth rates. 
Growth rate was unrelated to water flow. 

The substrate upon which Fucus was growing influenced the probability of future 
survival. Barnacles provided ideal cracks and crevices to encourage Fucus recruitment, but 
survival on barnacles was low relative to survival on rock surfaces. In Herring Bay, only plants 
growing directly on rocks were likely to survive to reproduce. Any initial pulse of barnacle 
recruitment following the oil spill may have encouraged Fucus recruitment, but survival of the 
Fucus germlings recruiting onto barnacles was low due to increased chances of dislodgment. 
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Surveys performed at various locations in western Prince William Sound in 1994 showed 
that the upper boundary of Fucus populations at the oiled sites (2.49 m MLL W) was an average 
of 0.5 m lower than the upper boundary at unoiled beaches (2.89 m). A resurvey of the 
restoration study site in Herring Bay ("Weasel Beach") in May and August 1995 showed that the 
upper Fucus boundary had increased from + 1.9 m (MLL W) in 1994 to + 2.8 m in: 1995. The new 
1995 level is nearly equal to the·mean upper boundary for the control sites in the 1994 survey. In 
addition, Fucus densities at the Weasel Beach restoration site showed a large increase in 1995. 
These are encouraging signs that recovery was beginning in these high intertidal zones. The . 
visual appearance of the upper 1 m of the Fucus zone at the oiled sites, however, remained quite 
barren compared to the control areas. The thalli in the oiled sites were very small and densities 
were relatively low. Full recovery should occur when these newly recruited thalli become 
reproductively mature' and provide a source of embryos in this region.· Reproductive maturity for 
these new thalli will be reached in approximately 2 years. · 

Restoration ofseverely damaged intertidal Fucus populations was tested on.a small scale 
at a heavily oiled rocky intertidal site in Herring Bay, Prince William Sound. Experiments 
employed two types ofbiodegradable erosion control fabric mats to act as a substrate for Fucus 
germlings and to protect germlings from heat and desiccation stress. A series, of.plots using mats 
made with jute fabric was initiated in 1992,·and a more r~silient coconut-nber fabric was tested 
in June· 1993. The jute fabric· deteriorated within one year and therefore was not effective in 
enhancing Fucus recruitment. Dense' populations of Fucus developed. on the surface of the' 
coconut-fiber mats by the' summer of 1994. The natural rock surfaces ·adjac~i;lt to the! mats. were 
barren of macroscopic algal c.over. By September 1994, :the Juvenile thalli on the mats w~r~ 
approximately 2·cm in length. This· fabric deteriorated.during'the winter. of 1995 and the thalli 
on the mat did not have an opportunity to become reproductive:. · · '· . 

Transplantation of adult F~cus thalli and spore lings ~ttaqhed to ~rosion control fabnc was 
also tested as a potenti~il restoration technique. The adul.t tha:ili died within a·few months ·Of 
transplant and mortality rat~s were high in the sporelingpopulations tra:~splanted to south-facing 
beaches. · 

The slowrecovery of Fucus populations in·the·highintertidal appears to:be due to a 
variety of factors. The primary factor is a low supply of embryos into this area.. The pattems of 
juvenile recruitment on the inoculated·mats show that embryo dispersahs very limited. qmited 
dispersal was also seen in experiments llsing egg settlementplates. However; even when thalli 
of various age classes are transplanted into this enviro~ent, the successful establishmentiof new 
populations is low. The harsh physical conditions ofthis:habitat with t~inperahlres on theirock 
surfaces recorded as high as 43.6 degrees C cause severe :desiccation and h~~t:~tress. The.: 

. significant relationship seen between aspect and the uppef boundary of.'Fucus: on two isla~ds 
within Herring Bay shows that solar exposure is an important factor regulating:fucus 1 • 

distribution. A third factor potentially slowing the recoy~ry.ofhigh intertidal,F.ucus was 
increased grazing pressure. Surveys at Weasel Beach shqwed:,very high densit!~.s of littorinid 
snails during 1993 and the spring of 1994 which subsequently !decreased in the' l~te summer of 
1994 and in 1995 when Fucus populations were increasing. Caging studiesi iii Herring Bay have 
also implicated grazers as a factor controlling the recruitrilent'0fyoung Fuc?Js!tlialli. : 

. Injury to limpet and littorine populations occurred as a result of.the <;>rl ~pill and cleanup 
efforts, with lower densities detected on oiled sites compare~ to control: sites·~~ ,1990 and l991. 
In sheltered rocky and coarse textured habitats, populatior\.s p(the upper int~~i4allimpet, . 
Tectura persona, continued to show lower densities on oiled sites in 1995~ .Lditia pelta, which 
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occurs lower in the intertidal than does T. persona, had reduced densities on sheltered rocky sites 
at MVD 3 during at least one sampling date per year through 1995. In the upper and mid­
intertidal, this limpet has recovered. In low intertidal coarse textured habitat, L. pelta has 
occurred in greater densities on oiled sites compared to control sites since 1992. The periwinkle, 
Littorina sitkana showed initial injury on both sheltered rocky and coarse textured sites. 
Significantly higher densities of L. sitkana were still detected on sheltered rocky habitat in 1994 
in the high intertidal and in 1995 in the low intertidal. On coarse textured sites, L. sitkana 
periodically showed higher densities on oiled sites in the upper and mid-intertidal since 1992. 
Until1993, L. sitkana were rarely found in the low intertidal of Herring Bay on either oiled or 
control sites. 

Invertebrate densities were monitored on five matched pairs of sheltered rocky sites 
throughout western PWS during the CHIA study in 1990 and 1991. These sites were visited 
again in 1993, 1994, and 1995 and counts of Tectura persona, Lottia pelta, Littorina sitkana, and 
Nucella spp. were made. Comparisons between the two data sets reveal similarities and 
differences for invertebrate densities and recovery rates in Herring Bay and on the broader scale 
CHIA sites. Densities of L. pelta in Herring Bay reflect those seen for the larger CHIA study 
area. L. pelta densities increased over time in both data sets. In the high intertidal T. persona 
densities were similar on control sites from Herring Bay and the CHIA study sites. On oiled 
sites, T. persona numbers were low relative to control sites in both studies during 1990 and 1991. 
Oiled CHIA sites showed recovery ofT. persona by 1993. Herring Bay T. persona population 
data indicated incomplete recovery by 1995. L. sitkana densities showed more variability 
between the two data sets. L. sitkana were more abundant on the CHIA sites than in Herring Bay 
in 1990 and 1991. In general, abundances decreased on CHIA sites by 1994 and 1995 and were 
similar to the numbers found in Herring Bay. 

In response to the removal of Fucus canopy, Littorina sitkana living underneath the 
canopy declined significantly over a several day period and remained low through the two month 
length of this experiment. In contrast, numbers of L. scutulata declined over a several day period 
following Fucus removal, but increased to initial levels within one month. This recovery may be 
due to recruitment and growth of previously unidentifiable L. scutulata by the latter sampling 
dates. 

In general, both Lottia pelta and Tectura persona declined immediately after the removal 
of Fucus canopy. ForT. persona, the decline occurred at MVD 0.5 at the protected and 
intermediately exposed sites. On the exposed site, T. persona initially increased following Fucus 
removal. One month after Fucus removal, however, T. persona densities had declined to zero or 
very low numbers on all sites. T. persona had not recolonized the quadrats within the two month 
period of the study. L. pelta densities declined following Fucus removal in the upper and mid­
intertidal. L. pelta densities had recovered to original levels within two months. 

Mussel size-frequency distributions, shell growth and patterns of mussel recruitment in 
filamentous algae were also studied. In May 1993, size-frequency distributions of mussels on 
oiled and control sites were similar for two out of three matched pairs. For the third matched 
pair, the control site had fewer smaller individuals than the oiled site and a higher frequency of 
larger individuals. By September 1993, fewer smaller mussels were present on all sites than in 
May, most likely reflecting a combination of growth and juvenile mortality. In May 1994, 
smaller mussels were more common on two of the oiled sites relative to their controls. In 
September 1994, no differences were detected for the size-frequency distribution of mussels in 
beds on oiled and control sites. The total numbers of small (<2 mm) mussels were higher in 

viii 



September 1994 than any other sampling date, on oiled and control sites, indicating heavy 
recruitment into the beds overthe summer. By May 1995, very few mussels larger than 10 mm 
were found on any site, indicating mortality of the older mussels, possibly due to predation by 
Nucella spp. or other predators. 

Filamentous algae were more abundant in the lower intertidal of Herring Bay than in the 
upper intertidal and were more abundant on oiled sites than control sites. Mussels that had 
recruited into filamentous algae were generally more abundant on oiled sites. Mussels have both 
primary and secondary settl~ment. Primary settlement into filamentous algae is followed by 
secondary settlement into the.mussel band. ·With more filamentous algae available for mussel 
settlement and generally higher numbers of:mu~sels on filamentous ,algae, oiled sites have a 
larger supply of small mussels available for subsequent recruitment into the bed. 

Mussels were collected, meastrred, tagged, caged, and redeployed on oiled and control 
sites in. 1993. Subsequent shell-length measurements were taken each spring and fall over a 
three year period. Growth over the first summer was low on all sites, possibly a result of stress 
from the initial handling. Monthly growth was highest in summer compared to winter and 
highest on oiled sites compared to control sites. Many of the mussels died over the length of the 
study. 

Calcium sulfate dissolution cylinders were deployed on various locations within Herring 
Bay in order to determine the relative water motion adjacent to oiled and non-oiled shorelines. 
Decreased dissolution was observed for cylinders placed near the head of the bay compared to 
those placed near the mouth. For cylinders placed on mussel study sites, dissolution rates were 
higher on the oiled sites. As described above,. these sites also had the highest recruitment of 
mussels and fastest mussel growth rates. This result indicates that water movement differences 
between sites may affect recovery rates of certain organisms, especially those with pelagic 
larvae. 

Barnacle recruitment patterns were assessed on three oiled sites. In undisturbed quadrats, 
adult Chthamalus dalli were more abundant than the other adults present on the sites, 
Semibalanus balanoides and Balanus glandula, and were generally in highest densities in lower 
quadrats. Quadrats were scraped in June 1993. Convergence of data on scraped and unscraped 
quadrats for C. dalli and adultS. balanoides + B. glandula occurred within two years. The 
timing and densities of recruitment varied from year to year and mortality between juvenile and 
adult stages was high for C. dalli and S. balanoides + B. glandula. 

Oil spills have deleterious effects on the nearshore biota due to both physical and 
chemical (toxic) effects. The Exxon Valdez oil spill initially may have been toxic to intertidal 
organisms but the physical coating of the shore was responsible for smothering many organisms. 
The design used in the Herring Bay studies did not permit clear, unambiguous testing of the 
effects of oil toxicity free from other confounding mechanisms by which the oil spill may have 
affected intertidal organisms, including beach treatment. But we found no direct evidence that 
the oil itself was toxic to Fucus. The results of our work at Herring Bay are consistent with the 
hypothesis that cleanup activities, especially the hot water, high pressure wash, caused the most 
damage. The oil spill/cleanup acted essentially to create large patches of bare rock and beach. 
Damage was related to physical disturbance. Recovery is dependent upon the ability of key 
organisms to recolonize bare space. 

There is some evidence that indicates that the effect of the oil spill/cleanup on 
invertebrates was not direct but may have been a result of the: loss of Fucus. Bare rock was 
created by removing Fucus, barnacles, mussels and associated fauna, especially in the upper 
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intertidal. Bare space created by removing Fucus would afford more opportunity for settlement 
of species with pelagic, widely dispersed larvae such as barnacles and mussels. The bare space 
would also expose the limpets and snails to increased stress from desiccation and predation. 
Bare space would allow settlement and recruitment by Fucus, but because Fucus lias a very 
limited dispersal range, this species would be slower to recruit than barnacles or ephemeral 
algae. Thus, we can explain the oil spilVcleanup effects by just the.removal of the overstory 
plants. . .· 

· Recolonization of the created bare space proceeds as a function of recruitment and not of 
competition in Herring Bay. Even in small cleared patches there was. no predictable succession 
seen. It is unlikely that 4erbivory plays a major role in keeping large bare· patches uncolonized. · 
Rather it is more likely that patchy recruitment combined with the effects of desiccation are the 
major factors controlling the rates of recolonization of the mid- to upper intertidal. 
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CHAPTER 1. GENERAL INTRODUCTION AND SITE SELECTION 

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

The intertidal zone is a unique area of high productivity which supports a diverse array of 
organisms including many commercially and ecologically hnportantspecies. This. zone is 
particularly vulnerable to oil spills due to the grounding of oil, the persistence of oil in. , 
sediments, ·and the effects of associated cleanup activities. · 0il may .affect intertidal organisms 
directly by coating,or ingestion, resulting in lower resource acquisition (i.e. food, light or .. 
nutrients), reproductive failure or death (Popl~ et al. '1990; Garrity .and Levings 1990;.Pain et al .. 
1988; Jackson et al. 1989; Shaw et al. 1986). Oil contamination may also affectcommercially 
important fishes using intertidal habitats as b~eedi.llgor n~sery 'ateas (P~e et ~1: 1988; Moles 
et al. 1987; Brule 1984). Indirectly, oiling may. result in decr~ase!:lproductivity in prey species, 
accumulation of toxins through the food web and:ioss ~fmicrohabit~t.such 1 as algal b'~ds. Due to 
reductions in the abundances of some organism~, pther ~rg~s~s not ·directly affe~ted .PY a spill, 
but which interact strongly with the damaged population~· l,llay also be;influenced. :Oh;persants 
and emulsifiers can be highly toxic (Southward and Southward. 1978; Farke et a!.' 1;9,85) and hot 
water washing may be harmful or fatal to. a vari~zy of:org~sms (.Qannirig, et al. 198],),.· The . 
above effects can lead to long~term modifications ;ofjiht~rtid~ populatioll:s and corr!niunities 
(Dauvin and Gentil1989; Sou~hward and Southwar,d; 1911;8). ,Assessmentofip.juriest<? coastal 
resources and determination of rates of recovery req1;1ire c<:>nsid~r~tion. o'f the ;yario'l;ls coastal 
geomorpholigic types, the de grey. of oiling, the type ~d intensity of cleanup e~ploye~, the 
affected biota and trophic interactions. : · · : ·· · 

Extensive cleanup operations were conducted throughout Prince Williat11 Sound to . 
remove oil from impacted shorelines. Various treatments. were; used, such as. hand c~eaning, 

' " I ,•1 I 1 • I 

washing with varying water pressures and temperatufes, repe,atyd washings ~d ~c;Ie, scale use of 
bioremediation. These activities contributed to.'*e d~.ath; P! removal of invenebratrlll 

1
and algae 

from oiled shorelines. Hot water, high pressure washing :conduct~d from 9~ ful,d I\1A.XI 
barges was applied to many sites and clearly contributed to remov.al of orgat¥srp.s (Lees et al. 
1993). I,, 

In late 1989, a monitoring program was initiated to document the effects of the oil spill 
on intertidal biota throughout the impacted area (Highsmith et al. 1994 ). The goal of the Coastal 
Habitat Injury Assessment (CHIQA) program was to document effects of ilie:'spille'd. oil and 
subsequent cleanup on intertidal.organisms. In 1990 studies commenced in ijep:ing ~ay, Knight 
Island, Prince William Sound, that were designed to compJiment the. CHL~ ~togr~. by 
experimentally assessing intertidal community dynamics apd mechanisms o(re~ovety:.: This 
approach went beyond species inventories, allowing a more qomprehe_nsive ~s~bssrJ:u;nt of the 
Exxon Valdez oil spill impacts on physical and bioiogical interactions media~~nk coPlffiunity 
structure. The manipulative experiments and observations were designed .tQ ¢v~lluate the role of 
speci~s intractions and physical factors in community organization and recoy~ty fr9m,the oil 
spill. ·· ". 
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Site Selection 

Sites for these studies were selected by pairing sites from oiled and unoiled areas in the 
Bay (Figure 1.1 ). 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; Crothers 1983; Jackson et al. 1989). A major assumption of any 
study where the sites are chosen after a perturbation is that the control sites represent pre­
disturbance conditions. In the present case, the intertidal communities at the control sites were 
assumed to be similar to those at the oiled sites before the spill. 

The southeast comer of Herring Bay retained ice until early April 1989, essentially 
excluding the oil slick. Therefore, control sites were restricted to the southeastern comer of the 
Bay. To minimize differences in exposure to wind and wave energy, most oiled study sites were 
established in the southwestern section ofHerring Bay. A set of sites was selected from long­
term monitoring of Fucus and several key invertebrate species, including three matched pairs of 
sheltered rocky sites and two matched pairs of coarse textured sites (Table 1.1 ). The locations of 
these sites are shown in individual chapters of this report. Other sites selected for specific Fucus 
or invertebrate studies are described in individual chapters also. 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, and wave exposure. 

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 the southeast portion of the Bya. 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 areas in the Bay (see Highsmith et al. 1993). 
Between-site differences, however, were small, within 1 degree, compared to the variations of up 
to 10 degrees seen over a field season. On 57 percent of the sampling dates, the surface salinity 
was significantly higher on the oiled side than the control side of the Bay. The salinity at 1 meter 
did not show as many differences as the surface salinity, and the differences between oiled and 
control areas were minor relative to seasonal and weekly fluctuations. The influence of fresh 
water in the intertidal tends to depress species richness and reduce densities of some 
invertebrates and possibly algae, compared to areas where salinity is more constant (Barnes 
1987). 

Since our sites were not randomly selected, but rather hand picked, the generality of our 
results is limited to the specific sites we have studies. We do, however, compare our population 
dynamic results with those of the CHIA studies (Highsmith et al. 1994) to show generalities of 
our results. Compared with most other experimental ecological work, our studies are well 
replicated. Our statistical power was not always high for all organisms. However, we were able 
to demonstrate long-term trends over time that strengthened the individual statistical tests. 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 the generalizations. 
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Table 1.1. Characteristics of Herring Bay Population Dynamics study sites. SR=Sheltered 
Rocky, CT=Coarse Textured, O=no oil, 1 =very light, 2=light, 3=moderate, 4=heavy. 

Habitat Control Site Oiling Level Oiled Site Oiling Level 

SR . 1231C 0 1231X .3,4 

SR 1732C 1, 2 1732X 3, 4 

SR 3811C 0 3811X 3 

CT 2834C 1 2834X 3 

CT 2333C 1 2333X 3 
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N 

Unoiled Shoreline 

Oiled Shoreline 

Figure 1.1. Oiled and unoiled shorelines in Herring Bay, Prince William Sound, Alaska·.after the 
Exxon Valdez oil spill. Boxed numbers indicate ~ocation of experimental sites used in this study. 
A "C" after a site number designates a control or unoiled site. An "X" indicates an oiled site. 
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CHAPTER 2. ALGAL STUDIES 

Peter van Tamelen and Michael S. Stekoll 
University of Alaska, Juneau Center School of Fisheries and Ocean Sciences 

INTRODUCTION 

' 
· Seaweeds are often the most conspicuous members of intertidal communities, especially 

in the wave-protected shores of northern boreal habitats where fucoid algae dominate. 
Following the Exxon Valdez oil spill, the abundance of the only fucoid alga in this region, FZ:tcus 
gardneri Silva, was less at oiled sites compared to reference sites (De V pgelaere and Foster 1994, 
Highsm.itP. et al. 1996, · Stekoll et aL 1996, Houghton et al. 1996).. Fucoid algae have been 
affected in a number of other oil spilk Southward and.Southward (1-978) documented lower 
abundances of several species of fucoid algae following the Torrey Canyon oil spill. Similar 
reductions have also been observed for the A~rrow oil,spill (Thomas 1973, 1977, 1978), the 
Amoco Cadiz oil spill (Floc'h and Diouris 1980), and the Esso Bernicia oil spill (Rolan and 
Gallagher (1991 ). 

Most of the reductions in Fucus and other seaweed populations were due to clean-up 
effects rather than direct damage from oiling;. The wisdom of using severe clean-up technologies 
to try to remove oil from shorelines has bee$. questioned (Foster et al. 1990). Lees et al. (1996) 
found that severe cleaning of-shorelines :w:as 1much more detrimental to Fucus and other intertidal 
organisms than leaving the oil in place. Rolan and Gallagher (1991) also found that cleaning by 
bulldozing oiled shorelines resulted in lol).gef recovery times compared to oiled but unbulldozed 
shores following the Esso Bernicia spill. ; . 

I . 

. After the Torrey Canyon ~pill, Southward and Southward (1978) observed that weedy, 
ephemeral algae colonized sl;:tores rapidly, re$ulting in a distinctive "greening" of the intertidal, 
but recovery of fucoids was somewh~t depe~dent upon the presence or absence of herbivores. 
Kendziorek and Stekoll {1984) obser:v~d the recovery of Fucus population-s after harvesting for 
the herring-roe-on-kelp fishery. They found ithat when large Fucus plants are removed from a 
large area,. th~ small plants which are left be4ind quickly grow in densely packed stands whi~h 
eventually thin out to resemble the pre-distulibance population. After the initial growth of young 
individuals, there were higher densities of la~ge plants and higher percent cover of Fucus in , 
disturbed plots compared to undisturbed,plots. McCook and Chapman (1991) and Keser and 
Larson (1984) found similar patterns: of higher densities following massive ice-scour or artificial 
clearing. 

If shores are completely denuded with the removal of small as well as large plants, then 
recovery. must occur via the production of spores, dispersal, recruitment, and growth. Little is 
known about the cues that induce Fucus to initiate receptacle formation or release eggs. Connell 
(1985) defined settlement as the process ofpropagules in the water column landing and attaching 
to the substrate and specified. that settlement can only be observed .within 24 hours of the actual 

· settlement event. According to this definition, only two studies have observed settlement in 
fucoid algae in the field. McConnaughy (1985) collected eggs on sp~cially designed acrylic 
plates, but some of his trials lasted longer than one day; confusing settlement with post­
settlement mortality. Kendrick and Walker (1991) stained propagules of Sargassum and used a 
venturi vacuum to retrieve the dispersed propagules. They found that the dispersal distance of 
Sargassum is generally less than 1 m from parent plants. Other studies have suggested that 
dispersal distance is short based on observations of early recruits (Deysher and Norton 1982, 
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Sousa 1984, Arrontes 1993). In the laboratory, Norton and Fetter (1981) suggested that 
Sargassum settlement was inversely related to water velocity, but they did not correct for the 
time available to settle at different water velocities. 

DeVogelaere and Foster (1994) suggested thatFucus may need cracks and crevices for 
recovery since recruits seem to be found more frequently in crevices. Lubchenco (1983) also 
showed that recruitment of fucoids was enhanced by substrate heterogeneity. There are at least 
two reasons for the enhancement of recruitment by cracks or crevices. First, cracks and crevices 
in the substrate may decrease desiccation stress (Jemakoff 1983). Second, germlings may 
escape herbivory in cracks or crevices (Lubchenco 1983). Several studies have shown that 
herbivores inhibit fucoid recruitment (Hartnoll and Hawkins 1985, Barker and Chapman 1990, 
Chapman and Johnson 1990, Benedetti-Cecchi and Cinelli 1992), but few have examined the 
role of desiccation in germling survival (Brawley and Johnson 1991, 1993). An additional factor 
that can influence fucoid recruitment is the presence of adult canopy. Some studies have shown 
that canopy decreases recruitment (Lubchenco 1986, Benedetti-Cecchi and Cinelli 1992, Vadas 
et al. 1992) but others have suggested that canopy can enhance recruitment (Brawley and 
Johnson 1991). These conflicting results may result from different mechanisms of interaction 
between canopy and recruits. Canopy may inhibit recruitment by removing germlings when 
large fronds are thrust back and forth by waves (whiplash effect) or by attracting grazers which 
eat new recruits. On the other hand, canopy may decrease desiccation and heat stress for 
germlings, enhancing survival. 

After recruitment, Fucus plants grow to mature sizes before producing receptacles. 
Growth is usually positively correlated with plant size (Edelstein and McLachlan 1975, Ang 
1991, 1992), and seasonal differences in growth rates are quite pronounced (Edelstein and 
McLachlan 1975, Mathieson et at. 1976, Niemeck and Mathieson 1976, Sideman and Mathieson 
1983, Thorn 1983, Keser and Larson 1984, Ang 1991). Populations higher in the intertidal zone 
usually grow slower, are less dense, and have higher mortality rates than Fucus in lower 
intertidal zones (Niemeck and Mathieson 1976, Keser and Larson 1984). Highest mortality 
occurs during the winter and is related to the age of the plant and physical factors such as winter 
storms and ice scouring (Neimeck and Mathieson 1976, Keser and Larson 1984). 

The overall goal of the studies presented here was to determine the patterns of recovery 
of Fucus from the effects of the Exxon Valdez oil spill and to ascertain which factors may limit 
recovery for Fucus in areas which have been slow to recover. The basic approach was to 
monitor recovery from damaged sites and to assess factors, including oiling, which may have 
affected each stage of the life history of Fucus. The initial step was to set up a monitoring 
program to assess recovery of Fucus populations at various tidal levels. Egg production and 
fertilization success may have been adversely affected by the oil spill, so the capacity of 
individual receptacles to produce viable eggs was assessed and compared between oiled and 
control sites. Settlement was monitored at oiled and control sites and potential dispersal 
distances were evaluated. Factors that potentially affect recruitment of Fucus were manipulated 
in a variety of experiments that were mostly performed at both oiled and control sites. These 
factors consisted of desiccation, herbivory, substrate heterogeneity, and whiplash from canopy. 
Growth of individually marked Fucus plants of various sizes was monitored at both oiled and 
control sites and at different tidal levels. 
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METHODS 

Study Sites 

Most sites for these studies consisted of matched control and oiled shorelines. Matched 
sites were determined by first locating a workable area in the unoiled southeastern section of the 
bay and then matching the selected site with an oiled shoreline in the southwestern section of the 
bay. The criteria.used for matching sites included similarity in substrate composition, slope, 
directional and solar aspect, and wave exposure. The sites are listed in Table 2.1 along with the 
studies that were performed at each site .. :The:site locations are given .in Fig. 2.1. 

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 (Fig. 2.1, Table 2.1). 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 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), giving the. distance from-the edge of 
the segment to the location of the first transect head. Each of the subsequent transect heads were 
located by adding the segment length to the·location o,fthe previous trans~ct head. The upper 
right comer of each quadrat was located by measuring the length of the transect over one m~ter 
of vertical drop (MVD ), :subtracting the length of the quadrat (50 ctn), 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 ofFucus 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. The number of receptacles on each reproductive plant was recorded and only living 
plants were counted. Percent cover of all organisms was estimated by placing a 50-point grid 
over the quadrat. All drift algae were removed before assessment of percent cover or size 
distributions. The study plots were monitored once every two weeks from 20 June to 15 
September in 1990 for a total of six visits. In 1991,.the plots were visited in April, June, and 
August. The quadrats were monitored in May and August in·1992, 1993, and 1994 and ia May 
1995. 

High Zone Population Dynamics 

An additional study was conducted in 1995 to assess the recovery of Fucus and two· 
species of invertebrates in the very high intertidal zone (0.0-0.5 MVD). Three pairs of oiled and 
control sites that varied in their compass orientation were sampled in May 1995. At each site 
twelve transects with one quadrat (20x50 em) each were positioned in a manner similar to the 
population dynamics study above. The vertical height of the quadrats varied uniformly from 0.0 
to 0.5 MVD, but they were randomly assigned· to transects. Thus, at each site there was ~me and 
only one quadrat at each of twelve tidal levels ranging from 0.0 to 0.5 MVD. This avoided the 
problem of getting a high proportion of high or low quadrats at a site using random vertical 
placement of quadrats. 
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The percent cover of Fucus, number oflarge (> 10 em) Fucus plants, number of 
reproductive Fucus plants, number of Tectura persona, and number of Littorina sitkana were 
recorded for each quadrat. This sampling focused on the species and sizes which showed the 
greatest damage and least recovery from the Exxon Valdez oil spill. 

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. 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 within 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 fresh water for about ten seconds, blotted dry, and placed between two paper towels in 
the dark at 8-1 ooc 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 8-1 0°C with a 
photoperiod of 16:8 (L:D) at 50-80 J..LE/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 was added and allowed to be absorbed by any living cells for 30 minutes. 
Then 7.0 ml of20% 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) was counted. These ten counts were then extrapolated to obtain an estimate of the total 
number of eggs in each vial. 

The viability of the eggs produced by each receptacle was also evaluated. After the 
number of eggs was determined, the egg solutions were transferred to centrifuge tubes and 
centrifuged for less than 10 seconds or allowed to settle for at least 16 hours. Four drops of 
concentrated samples were transferred to a microscope slide and examined under a fluorescent 
microscope. The number of unfertilized (non-fluorescent) and fertilized (fluorescent) eggs were 
counted until 100 eggs were examined. If fewer 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 fewer than 100 eggs examined, the numbers of counted for all slides were 
recorded. 

Desiccation Effects on Fucus Egg Release 

The effects of direct sunlight and artificial shading on Fucus egg release were assessed 
on 22 July and 27 August 1994. For each trial, twenty fertile Fucus plants of similar size, health, 
and reproductive condition were collected from a shaded location in Auke Bay, 18 km north of 
Juneau, AK. Since there was limited time in Prince William Sound and the species of Fucus is 
the same, these studies were carried out in Juneau. All receptacles had well developed 
conceptacles and were releasing mucus. The plants were placed 0.5 m apart in two rows of ten 
with 1 m between rows. Ten plants were randomly chosen to receive shading. Artificial shading 
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consisted of an inverted wire fish trap with a 40 X 40 X 2 em wood platform on top of it. For all 
plants, one randomly chosen receptacle was secured over a plastic lid. Temperatures were 
measur~d every hour on the lid surfaces. Desiccation was estimated next to each plant by 
placing a wetted cotton ball in a petri dish and measuring weight loss over time. 

After 5-6 hours, tlie chosen receptacles were clipped from the plants, placed with 20 ml 
sterile seawater in plastic containers, and sealed with the lids on which the receptacles were 
resting. The containers were put in a lighted (16:8 LD cycle in July and 24 h continuous 
illumination in August) incJibator kept at 15°C. Samples were shaken initially and every 8 hours 
to prevent released eggs from attaching to the containers. After 24 hours, receptacles were 
removed from the containers. Samples were thoroughly n;lixed and 10 ml portion~ were 
transferred to grided 9 em petri dishes with pipets. The number of eggs in 10 randomly chosen 
1.27 square em grid sections were counted with a dissecting microscope (10 X). 

Fertility of Floating Fucus 

Fucus gardneri is monoecious with both male and female structures in each conceptacle, 
therefore it is potentially possible for a single plant or plant part to produce fertilized eggs at 
distant locations .. To assess the possibility of recolonization of denuded shoreline~ by egg 
release from 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 rnis, and any plants within 1m of the bow 
of the skiff were collected. Collections were made along three transects on e~ch sampling date. 
Each transect originated from one of three sites in the southwest finger of Herring Bay. The 
sites were 2333X, 3611;{(, and J 852X (Fig .. 2.1 ). Starting as close as was safe to the shoreline, 
the skiff was driv~n in a random compass direction until the shore was encountered at which 
time the skiff was drive,n 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 reproductiv~ pot~ntial and egg viability study above. 

Short Range Dispersal Patterns 

Short range dis~ersal patterns ofFucus eggs were investigated by monitoring egg 
settlement rates at various distances and directions from fertile plants. Two to four fertile plants 
releasing mucus were c~llected, rinsed.in fresh water, and dried in the dark for 12 hours to 
encourage egg·release. Th~se plants were then attached to the center of two perpendicular 4 m 
sections of0.5 inch4iameter PVC pipe joined in the middle. The pipes were placed with one 
pipe parallel to the water line in areas of Herring Bay where no other fertile Fucus plants were 
located within 10 m of the center of the pipes. Seven egg settlement plates were secured to the 
pipes with stainless steel screws in all four directions at 0, 10, 20, 40, 80, 120, and 200 em from 
the source plants. The plates were 5x7 em with 9 grooves etched in a central area of3x4 em 
(Fig. 2.2). The width of the grooves (125 11m) was slightly larger than the width of an average 
Fucus egg (75 11m) so that eggs falling on the plates were likely to be caught in the grooves. 

The pipe apparatus was retrieved after 24 hours in the field and the number of eggs on 
each plate was counted. This procedure was repeated five times from 6-10 July, 1993 and eight 
times from 1-7 August, 1993. Because of very low egg abundance on plates in .some trials, only 
those five trials in which more than 100 eggs were found on all of the plates combined were used 
for analyses. 
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Fucus Egg Settlement 

The number of Fucus eggs settling on oiled and control shores was estimated from 1991 
through 1993 by deploying acrylic plates identical to those used for the short range dispersal 
experiments. The plates were set out for one day at a time for three (1992-1995) or four (1991) 
days in a row. Plates were placed at each of three tidal levels (0.5, 1.0, and 2.0 MVDs) along 
four transects perpendicular to the shore for a total of 12 plates per site. One transect was placed 
at either end of the site and the remaining two transects were equally spaced between them. This 
procedure was performed at four pairs of oiled and control sites in May, June, and August of 
1991 and 1992, in July and August 1993, in May, June, July, and August of 1994 and 1995. 
Only two pairs of sites were sampled in May of 1994. Since only four pairs of sites could be 
sampled during a sampling period, a method of rotating sites pairs was devised to assess both 
yearly variation and to sample a large number of sites. Two pairs of sites were used in all five 
years, but each year two new site pairs were added and two old site pairs were dropped. In 
August 1991 and on all sampling dates in successive years except in June 1994, the distance to 
the nearest fertile Fucus plant for each plate was recorded. 

The effects of net water flow on egg settlement were investigated at the egg settlement 
sites in August and September 1994. Net flows were estimated by measuring the dissolution rate 
of Plaster of Paris cylinders at each egg density site. The plaster was molded in plastic film 
canisters with 3 inch stainless steel screws placed through the center of each mold before 
hardening. Dissolution cylinders were oven-dried prior to recording initial and fmal weights at 
40"C until there were no detectable changes in weight between consecutive days. The 
dissolution cylinders were screwed directly into plastic wall anchors in the rock surface at 1.0 
MVD at the midpoint of each site. Any plants able to touch the cylinders were removed. 

Fucus Recruitment: Desiccation 

The effect of desiccation on Fucus germling survival was investigated by monitoring 
germling survival in areas of varying desiccation rates. On 3 May 1991, plastic petri dishes 
(9x60 mm) were seeded with approximately equal densities, about 144 eggs/cm2

, of Fucus eggs 
in the lab at Juneau and incubated until 30 May 1991. Seeding consisted of inducing fertile 
receptacles to release eggs in a vial with seawater and the dishes were seeded in plastic 
containers using the inoculation produced from the released eggs. After seeding the dishes were 
incubated at 8-lO"C with a 8:16light dark cycle with 50-100 J..LE/m2/sec oflight intensity. The 
seeded dishes were kept on ice during shipment to Herring Bay. On 1 June 1991 four seeded 
dishes were bolted to random locations on rock surfaces at 1 MVD at each of six sites. At this 
time all germlings were about 0.5mm in length. The initial percent cover of germlings on each 
dish was 20%, and the percent cover of Fucus germlings was estimated on each dish after 11 
days in the field. All visual estimates of percent cover were made by a single observer, reducing 
the chance of bias in the results (Dethier et al. 1993 ). Percent cover was used rather than density 
because the former could be estimated in the field while density could only be accurately 
ascertained using a microscope. Growth of germlings was minimal during this time period, so 
changes in percent cover reflect mortality of germlings. 

In an attempt to account for some of the variation in germling mortality we measured 
desiccation rates on 20 June 1991 by placing wetted cotton balls on freezer container lids in the 
field and measuring the loss of water from the cotton balls over time. One lid with one cotton 
ball was placed near each dish at all sites as the tide receded and exposed the plates. The weight 
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of the wetted ·cotton ball was about 5 g. The lids and cotton balls were collected just before being 
·covered again by the rising tide. Due to limited periods of hot, sunny weather, these 
observations were carried out only once: During the time the dishes were monitored in the field, 
the weather was mostly hot and dry, but just after monitoring of the dishes a storm developed, 
forcing us to measure desiccation 9 days after getmling mortality was assessed. We assume that 
conditions during the mortality study were similar to conditions during the desiccation studies. 

Fucus ·Recruitment: Whiplash 

Observations ofthe petri dishes after the desiccation trials described above while the 
dishes were still in the field indicated that germlings were only surviving in the comers of the 
petri dishes, suggesting that whiplash· from adult plants may he removing germlings. To 
experimentally show· that;adult Fucus plants have the potential to remove germlings from seeded 
petri dishes; petri dishes with germlings on them were mounted on a plywood board and 
suspended just under the water surface in an area subjected to slight wave action. The bottom of 
the board was weighted to keep the board ·vertical. Adult Fucus plants were attached to the 
board above the petri dishes· in such a way as allow th~ fronds to brush against tlie surface of the 
dishes as a result ofthe sli:ght water motion at the·site. Observations in the field of these 
attached plants confirmed that the apparatus was ·~'fairmimic of the wave :a¢tion effects of· 
attached plants on the shore. Molluscan herbivores: were exCluded froin the hoard since it was 
suspended in open water by ropes attached abov:e tlie tideline. Desiccation ·~as also eliminated 
as a source of mortality since the dishes were contirtuoitsly submerged. Thhs,, this experiment 
isolated the effects of canopy without the confounding effects of herbivores; and desiccation. 
Fucus ·plants were suspended above four of the dis~es; and. three other dishes .setYed as controls 
with no adult Fucus plants. After 10 days in the fi¢ld the density of germlirtgs was measured on 
each dish under a dissecting microscope. ! ' ' ' 

Fucus Recruitment:· canopy, Substrate' Heterogeneity, and Herbivory · 

The effects of substrate heterogeneity; tidal:height, Fucus canopy, oiling level, and 
herbivores on Fucus germlin'g survival and recruitiDent 'Were assessed with a series of multi­
factor experiments using tiles seeded with· germlings. During the first two weeks of June '1992, 
tiles were seeded in the same manner as the petri dishes in the desiccation experiment. All of the 
following experiments were initiated on 4 July 1992. These experiments used ceramic tiles (6x8 
em) made with six grooves ofthree widths (0.80 mm, 0.50 mm, and 0.15 min) and two depths 
( 1.50 mm, 0.30 mm). The tiles were made with Pine Lake Red Stoneware qlay and fired at cone 
10 withno glazes or colorants. The six different sizes ofgrooves (3 widths 'x 2 depths) were 
randomly ordered horizontally on each tile (Fig. 2.3). The tiles were attached to the substratum 
with a screw through a central hole in the tile. 

To evaluate the effects of adult Fucus canopy, tidal level, oiling history at the site, and 
prior seeding, eight tiles were deployed at each of three control and matched oiled sites. At both 
the 0.5 MVD and 1.0 MVD, two pairs of se.eded and unseeded tiles were separated by a 
horizontal distance of one meter. Orie randomly chosen pair was designated as a Fucus canopy 
treatment and the other pair Jiad no Fucus canopy. If a Fucus canopy was present in the no 
Fucus canopy treatment, the plants covering the·tiles were· removed, If there was no Fucus 
canopy in the Fucus canopy treatment, then Fucus plants~· collected from the same tidal height, 
were transplanted just above the tiles by chipping offthe'rock with the plant attached and using 
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Z-Spar marine epoxy putty to secure the rock and plant in place. Each set of eight tiles was 
randomly located on the shoreline at each site. The temperature of each tile was recorded on one 
hot, sunny day in July 1992 by inserting a thermocouple into a small hole on the side of each tile. 

The effect of herbivores on germling survival was investigated using another set of 
seeded tiles deployed at the same time as the Fucus canopy experiment described above. 
Herbivores were excluded by encasing tiles in Vexar mesh (about 3.5mm mesh size) and 
securing the tile and cage to_ the substratum with a screw (Fig. 2.3). To control for cage effects, 
tiles were also placed in a cage open at one end, 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 shared the seeded tile with no Fucus canopy from the 
preceding experimental design as the control tile. The two caging treatments were placed next to 
this control tile. The 2 MVD treatments were placed directly below the l MVD caging 
treatments. 

For all tiles, the number of germlings in each groove was counted immediately before 
placement in the field. 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, in early September 1992, the tiles were retrieved and the number of germlings were again 
counted. After counting, which took about 1 0 hours, the tiles were returned to the field. In June 
1993 and September 1994, the number of plants in each groove visible with the naked eye was 
counted while the tiles were in the field. At the same time the length of the five largest plants in 
each groove was recorded. If there were fewer than five plants in a groove the length of each 
plant was recorded. We choose to evaluate recruitment density per linear length of groove and 
not the density per area of groove for two reasons. First, ultimately the density of plants per 
square meter of shoreline is the variable of interest. If the density of cracks in the rock surface 
was equal and only crack size varied, the number of plants per length of crack, regardless of the 
surface area of the crack, would give a better representation of the density of plants at a larger 
scale. Second, as germlings grow they will decrease in density as they outgrow their grooves. 
After about six months of growth there will be a line of germlings regardless of the area of the 
crack. For these reasons, we felt that number per length of groove was the appropriate variable 
to examine rather than density or number per area of groove. 

Growth and Mortality of Established Plants 

To determine growth rates, we monitored individually tagged Fucus plants for four years. 
At all sites, six plants in each of three tidal levels (0-1, 1-2, and 2-3 MVDs) were chosen in each 
of three size classes. The size classes were small (2.0-4.5 em in length), medium (5.0-10.0 em), 
and large (> 10 em) plants. Six transect heads were randomly located at mean higher high water. 
Along each transect, one point was randomly located in each tidal level and marked with a 

stainless steel screw. The plants were chosen by finding the nearest plant in each size class to 
the randomly selected point. Plants were tagged by using marine epoxy to affix a small labelled 
tag to the substrate with markings pointing directly to the holdfast. 

Eighteen plants in each size category were marked at each site for a total of 216 plants. 
In 1991, only reproductive plants were chosen in the large size category. All plants were 
initially marked and measured between 16-19 May 1991 and remeasured on 22-23 August 1991, 
6-7 June 1992,27-28 July 1992,5-6 June 1993,30-31 August 1993,24-27 May 1994, and4-5 

2-8 



September 1994. Besides measurements of plant length, the distance from each plant to the 
random point was recorded during summer 1991, giving an estimate of plant density for the 
different size categories at each site. 

If plants were lost or 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 at each site in each size class at each- tidal level was 
restored to at least six by this retagging procedure. Sample sizes may be greater than six if 
plants from a smaller size class grew into'a larger size class. Growth rates were calculated for 
each plant by dividing the change in length by the number ofweeks since the last measurement. 

To determine the effects of water flow on Fucus growth rates, plants were individually 
marked at 26 sites varying in exposure-to waves and currents .. Site locations. are given in Figure 
3.2. Plants were tagged at the 1.25-1:75 MVD tide lev~l. Substrate type, plant densities, and 
slope were similar at all sites. At each site six plants Wyre marked by attaching a numbered tag 
to the stipe with a cable tie. Plants were initially tagged and·m~asured between 23 June 1994 
and remeasured on 3 September.1994 and 1RMay 1995. Between 9-BAugust 1994 two 
calcium sulphate dissolution sticks were deployed at all' of the sites at the· same tidal level. The 
methods for flow measur~ment are described in det~il in Chapter 3.:·. 

At the 18 sites (sites A through R in Fig. 3.2) measuring Fucus growth in relation to 
water flow on the eastern .shore of Herring Bay the effect of surrounding Fucus canopy on adult 
Fucus plants was tested. At each site two adult pla~ts (> 10 em) were marked with epoxyputty 
tags on the substrate near the holdfast (see above), ~;~.nd the plant locations were recorded by · 
triangulation from marked points in th.e high intertidal. . All o£ the surrounding plants able to 
touch one of the marked plants, randomly determined, were removed and the canopy around the 
second plant was left intact. This experiment was initiated on 8 July 1993.' The next three weeks 
were exceptionally warm and sunny for ;Prince William Sound.' On 4 September 1993 the sites 
were revisited and plant mortality was noted .. Since plant locations:were;triangulated, mortality 
could not have been due to tag loss. ' 

Substratum Use by Fucus 

Substratum use by Fucus was investigated by comparing the substrata of small ( <2 em), 
medium (2-10 em) and large(> 10 em) plants to total substratum availability. At each site, ten 
randomly located quadrats (25 X 25 em) at 0.5 MVD were examined. The 10 nearest plants to 

· the upper left comer of the quadrat in each size category were found. If there was not a 
minimum of 10 small, 5 medium, and 2 large plants in the quadrat, another quadrat location was 
chosen. Each designated plant was removed and classified as growing on crevices (only for 
1994), barnacles, smooth rock, or other substrata. Crevices were defined as having a width 
between 0.1 and 5 mm and a depth greater than width. 

After determining substratum use by the plants, all algae were removed from the quadrat 
by scraping, leaving barnacles intact. A point contact method was used to measure the. percent 
cover of crevices (1994 only), smooth rock surface, and barnacles in the cleared plot. Quadrat 
frames were constructed using two sheets of clear plastic separated by 4 em with a wood frame 
and supported approximately 10 em above the substratum by two legs. In each sheet of plastic 
50 holes were drilled such that each hole in the top sheet was directly over a hole in the bottom 
sheet. For each of the 50 pairs of holes a pointed rod (2.5 nun diameter) was pushed through 
both holes, and the substratum that was contacted by the rod was recorded. 

In 1994, these observations were carried out at three pairs of oiled and control sheltered 
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rocky sites protected from waves (Fig. 2.1, Table 2.1 ). Identifying crevices and determining 
crevice use by Fucus proved time consuming, so in 1995 plants were classed either growing on 
rock or on barnacles. In 1995, sampling was carried out at two tidal levels, 0.5 MVD and 1.5 
MVD, at both exposed (site A) and protected (site R) sites (Fig. 3.2). 

Breaking Strengths and Mortality of Fucus on Barnacles and Rock 

The ability of Fucus plants to attach to different substrates was investigated by measuring 
the breaking strength of plants growing on barnacles and bare rock. At each site 20 ( 40 at one 
site) plants were haphazardly chosen based on size, substrate, and health. All plants tested at 
each site visually varied only in substrate and mostly ranged from 5-l 0 em since large plants 
were rare growing on barnacles and smaller plants were rare growing on rock. For each plant, a 
loop of string (3 mm diameter) was secured around the stipe of the plant and attached to a spring 
scale with a maximum reading indicator. The plant was then slowly and evenly pulled via the 
string and spring scale at an angle of about 30 degrees above horizontal until the plant failed. 
Almost all failures were at the holdfast with only 17 out of 120 plants failing at the stipe and 5 of 
the 120 failed due to substrate (all barnacles) failure. The force required for the plant to be 
removed was recorded. After failure, the plant was retrieved, and the largest and smallest 
diameters of the failure location were measured with calipers. Dividing the force required for 
failure (Newtons) by the surface area (m2

) of the failure site, assuming an elliptical shape, gave 
the breaking strength (Pascals) of the plant. This was performed at protected and exposed sites 
and, at the exposed site, for both Balanus glandula/Semibalanus balanoides and Semibalanus 
cariosus as barnacle substrates. All sampling was performed from 29-30 July 1995. 

To investigate the chance of surviving for Fucus plants growing on rock or on barnacles, 
plants were marked and their survival over one summer was monitored. At each of eight sites, 
ten plants growing on rock and ten plants growing on barnacles were marked by tying colored 
fishing line to the stipes of plants, using different colors for the different substrates. Plants were 
selected the same as in the tenacity experiments described above. All plant locations were 
recorded by triangulation from screws in the high intertidal. All plants were initially marked in 
May 1995 and the number of plants left was recorded six and 14 weeks later. 

Statistical Methods 

The same basic statistical procedure was followed for both the population dynamics and 
egg settlement experiments. 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=O.l 0 level. If variances were unequal, then the data were 
transformed 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 were 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, 
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then a regular t-test with Satterthwaite's correction for non-homogeneous variances was applied 
to the raw data. · 

To perform overall statistical tests where pairs of sites were used and analyzed 
sep·arately, for the population dynamics and egg density studies, Fishers procedure for 
combining probabilities of similar tests was employed-(Sokal and Rohlf 1981 ). This procedure 
assumes that all the differences were in the same direction--that all control ·sites have higher 
means than oiled sites or vice versa. This was not always the case with the data presented here. 
If the direction of the difference varied between sites, the direction with the. greater number of 
mean differences was ·chosen as the direction of the test. A site pair in which the direction of the 
mean difference was ·opposite that of the test, was assigned a probability value equal to 1; minus 
their actual probability value; 

For other experiments either simple t-tests or ANOV AS were performed. When t-tests 
were employed the procedure above was applietl. as if neither the raw nor transformed data had 
homogeneous variances for 8;ll sites;· For two- dr three~ way: ANOVAs the raw data were used if 
variances were judged to be ~omogeneous according to an F -max test. In cases where variances 
were not homogeneous, log: transformations· were used. The transformations did not always cure 
the heteroscedasticity, and In cases where variances remain¥d non..:homogeneous the ANOVA 
was carried out on the raw or tran~formed data;i:whichever 4ad the more homogeneous variances. 
In cases where this was don¥, the facHhat the ~ssumptions :afANOY A were violated is 

indicated in the presentation bfthe data. TukeY,'s post-hoc test was used to separate means of 
factors with more than two :levels. All figlires: ~rid tables represent raw means and one standard 
error of the mean except where indicated, Stati1stical significance is indicated by one star 
(p<0.05), two stars (p<O.Ol), or three.stars: (p<0;001). 

RESULTS 

Population Dynamics-Sheltered Rocky 

In the high intertidal (1 MVD) there were more small (2.5-5.0 em), medium (5.5-10.0 
em)~ and large(> 10 em) Fucus plants at control sites in 1990 and 1991 except for the first in date 
both years for sma11 plants and the first date in 1990 for medium plants (Fig. 2.4). In 1992, in 
June for medium plants and in August for small plants, there were more plants at oiled sites. At 
oiled sites, the peak abundances of germlings occurred in 1990, of small plants in 1991- and 
1992, of medium plants in 1992 and 1993, and oflarge plants in 1993 and 1994, indicating that a 
cohort of plants recruited to oiled sites in 1989 or 1990 and grew to adult plants by 1994. 

In the mid intertidal (2 MVD) at control sites there were more medium plants on half of 
the dates in 1990 and more large plants on all dates in 1990 and 1991 (Fig. 2:5). Similar to the 
results Jor the high intertidal, there was a cohort of plants recruiting in 1989 or 1990 and 
growing to adult size in 1993 and 1994. In contrast to the high zone, there were significantly 
more.germlings at oiled sites on 5 of6 dates in 1990 and on the first date in 1991, more small 
plants on all dates in 1991 and on one date in 1992, more medium and large plants on all dates in 
1992, and on the first dates in 1993, 1994, and 1995. There were also more germlings at control 
sites on one date in both 1992 and 1993 and more small plants at oiled sites on the last two 
sampling dates (1994 and 1995), but the difference between the overall means was slight. 

In the low zone, at oiled sites there also appears to be a cohort of plants recruiting in 
1989 and 1990 and growing to large plants in 1992 and 1993 (Fig; 2.6). There also appears to be 
a similar pattern occurring among plants at control sites. The timing of these c·ohorts seems to 
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be slightly different with the control site plants lagging slightly behind the oiled sites plants. At 
control sites, there were significantly more small plants in 1992 and on one date in both 1993 
and 1994, more medium plants on the second date in 1993 and in 1994, and more large plants in 
1995. There were more medium plants at oiled sites on all dates of 1991. Finally, there were 
more germlings at control sites on all but three sampling dates, but overall mean differences 
were slight for all dates except for 1991 and 1992. 

The density of reproductive plants was greater at control sites on all dates in 1990 and 
1991 in the high and mid zones, and on the first date in 1992, there were still more reproductive 
plants at control sites in the high zone (Fig. 2. 7). On the first date in 1993 and both dates in 
1994 in the mid zone there were more reproductive plants at oiled sites, corresponding with the 
greater abundance of plants at that time and tidal level. In the low zone, the were more 
reproductive plants at control sites on the first date of both 1990 and 1991. Reproductive plants 
tend to be more abundant early in the summer compared to later, especially at oiled sites. 

The density of receptacles per quadrat paralleled the density of reproductive plants in the 
high and mid zones in 1990 and 1991 (Fig. 2.8). In the high zone this difference persisted 
through the first date in 1993. In 1994 there were more receptacles per quadrat at oiled sites in 
the mid (both dates) and low (first date) zones. 

In 1990 the percent cover of Fucus was greater at control sites at all levels for all dates 
except for two in the low zone (Fig. 2.9). In the high zone this difference persisted until the 
second date in 1992 when the cover at oiled sites had increased to levels not distinguishable 
from those at control sites. In the mid zone, the percent cover of Fucus was greater at oiled sites 
in 1992, 1993, and 1994. In the low zone, there was greater Fucus cover at oiled sites on the 
second date in 1994, but the overall mean difference was minimal. 

There was significantly more ephemeral algae (opportunistic species that can recruit at 
any time of the season and die off over winter) at oiled sites on all dates in 1990 and on the first 
one (mid zone) or two (high and low zones) dates in 1991 (Fig. 2.10). The abundance of 
ephemeral algae was generally greater early in the season and was significantly higher at oiled 
sites on the first dates in 1992 and 1995 for the high zone, in 1993, 1994, and 1995 for the mid 
zone, and in 1995 for the low zone. 

The results from the three site pairs studied were not uniform. The overall results 
discussed above were typical of two site pairs (1231C/1231X and 3811C/3611X), but the 
remaining site pair ( 1732C/1732X) showed few significant differences (Appendix A gives 
results for each site). 

Population Dynamics-Coarse Textured 

Algae were sparse in the first two MVDs on coarse textured sites, so data will only be 
presented for the third MVD. Similar to sheltered rocky sites, at oiled sites a cohort of plants 
recruited in 1989 or 1990 and grew to the largest size category by 1992 and 1993 (Fig. 2.11). 
There were significantly more germlings at oiled sites in 1991. Small plants were more 
abundant at oiled sites on all dates in 1991 and 1992 and on the first date in 1993. Medium and 
large plants were more abundant at oiled sites on all dates in 1992 and 1993, and large plants 
continued to be more abundant at oiled sites in 1994. At control sites, germlings were more 
abundant on the first date in both 1994 and 1995. 

Both the density of reproductive plants and receptacles per quadrat were greater at 
control sites on the first one (receptacles) or two (reproductive plants) dates in 1991 (Fig. 2.12). 
On the first dates of both 1993 and 1994 there more reproductive plants and receptacles per 
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quadrat at oiled sites. 
hi 1990 the percent cover of Fucus was greater at control sites but in 1992, 1993; and 

1994 there was a higher cover of Fucus at oiled sites (Fig. 2.12). The higher percent cover at 
oiled sites corresponds to the greater abundances oflarge plants at oiled sites at those times. · 
There were no differences in the abundance of ephemeral algae at coarse textured sites (Fig. 
2.12). 

As with the sheltered rocky sites the overall results presented here were not consistent 
between the two site pairs. One site pair (2834C/2834X) had few significant differences, thus 
the other site pair (2333C/2333X) had even more pronounced patterns than those presented here 
(Appendix A). 

Population Dynamics-Reproductive Plant Quality 

Generally, the length of reproductive plants was greater for plants at all control sites 
combined (Fig. 2.13). This was true in the high zone on all dates in 1991 and 1992 and on the 
second date in 1993, in the mid· zone for half of the dates in 1990, on the first date in 1991, and 
on both dates in 1992, and in the low zone on the first two dates in 1990, ·on the first dates in 
both 1992 and 1994, and on all dates in 1993 and 1995. Reproductive plant length was greater at 
oiled sites on only one date for each zone, in 1990 for the high zone, in 1994 for the mid zone, 
and in 1991 for the low zone. 

In the high.zone,.the number of receptacles per plant was greater for control plants·from 
1990 through 1994 except for the second date in 1993 (Fig. 2.14). In the mid zone, there were 
more receptacles per plant at control sites on the first date in 1992, but on the second date in 
1994 and in 1995 there were more receptacles per plant at oiled sites. In the low zone, there 
were more receptacles per plant at oiled sites on the last date in 1991 and on the first date in 
1994. 

High Zone Population Dynamics 

At the two sites not facing north'(121.5 and 76.5 degrees from north) there were lower 
covers of Fucus and lower abundances of large plants, reproductive plants, and the limpet 
Tectura persona at oiled sites (Fig. 2.15). There were no differences in the abundance of 
Littorina sitkana at all sites or of any of the. other measured abundances at the north facing site. 
Using Fisher's test for. combining probabilities over all site pairs, there was a lower cover of 
Fucus and.abundances oflarge plants, reproductive plants, and Tectura persona. 

Reproductive Potential and Egg Viability 

At all times and at all levels in 1991, 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). Differences were only significant in the first MVD in July and August 
and in the third MVD in August. This result indicates that there were fewer reproductive plants 
at oiled sites and is consistent with the reproductive plant densities observe(]. in the population 
dynamics study (Fig. 2. 7). 

The average wet weight per receptacle was significantly greater at control sites relative to 
oiled sites in the third MVD during the s~cond sampling period and in the second MVD during 
the third sampling period (Table 2.2). 
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There were two significant differences in the total number of eggs produced per 
receptacle from oiled and control areas (Table 2.2). In the second MVD during the first 
sampling period more eggs were produced by 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). During the second sampling 
period, however, in the second MVD the proportion of viable eggs was greater at the control 
sites. Late in the season, all released eggs were viable. 

Desiccation Effects on Fucus Egg Release 

Shading was effective at reducing environmental stress. Shade treatments produced 
significantly lower temperatures and desiccation rates than the sun treatments (Fig. 2.16). Also, 
there were significantly higher temperatures and desiccation rates in July compared to August 
trials. 

The number of eggs released by receptacles receiving sun or shade treatments was 
inconsistent between July and August trials (Fig. 2.16). In July, shaded plants released more 
eggs than those kept in direct sunlight, while in August the shaded plants released almost no 
eggs. It is likely that few of the plants collected in August were fertile due to the lateness ofthe 
season. This idea is supported by the fact that there were significantly fewer eggs released in 
August than in July. However, this experiment should be repeated in order to further test the 
effect of shading on egg release in Fucus. 

Floating Fucus Fertility 

The number of eggs released did not differ between drifting and attached plants (Fig. 
2.17). There were, however, more eggs released during the third sampling period compared to 
the earlier dates. For attached plants, a greater proportion of eggs were fertilized in the third 
sampling period compared to both earlier dates (Fig. 2.17). Fertilization rates remained constant 
for drifting plants and were lower than for attached plants in July and August. Receptacles of 
drifting plants were heavier than those on attached plants at all times, and receptacle size peaked 
in July (Fig. 2.17). 

The average density of drifting plants ranged from 0.034 to 0.002 plant per square meter, 
and all drifting plants found were fertile. Although these open water densities seem low, plants 
were often observed aggregated near shorelines, resulting in a much higher plant density. Thus, 
drifting plants can be locally abundant. 

Short Range Dispersal Patterns 

There was a greater proportion of eggs settling closer to source plants compared to 
further away, but there were no differences in the percent of eggs settling at different directions 
from the source plants (Fig. 2.18). Dispersal distances were very limited with 95% ofthe 
observed eggs settling on plates 20 em or closer to the source plants. The two-way ANOV A 
yielded a significant main effect of distance (F=45.190; p<O.OOl), no effect of direction 
(F=0.891; p=0.448), and no interaction {F=0.948; p=0.524). Post-hoc analysis indicated that 
more eggs settled 0, 10, and 20 em from the source plants compared to 40, 80, 120, and 200 em. 
Also, the percent of eggs settled at 40 em was greater than percentages at 120 and 200 em. 
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Fucus Egg Settlement 

There were always significantly more eggs at control sites at the 0.5 MVD (Fig. 2.19). 
At the 1 and 2 MVDs there were significantly more eggs at control sites at all times in 1991 and 
1992 except in May 1991 at 2 MVD. In the upper tw.o tidal levels virtually no eggs settled at. 
oiled sites in 1991 and 1992 while the control sites had average settlement rates of up to about 
2SO eggs per plate per day, corresponding to over 200,000 eggs per square meter per day. At 
control sites, settl~ment rates were lower at the 2 MVD than at the 0.5 MVD level with a 
maximum of about 100 eggs per plate per day. By 1993 at the 2.0 MVD level settlement rates 
had increased to converge with those observed at control sites indicating that there may be some 
recovery from the effects of the oil spill and clean-up efforts. Recovery can also be seen at the 1 
MVD level from 1993 onward where settlement rates at oiled sites increased from 1991 and 
i 992 levels to converge with control levels, .but occasionally ( 4 of 10 dates) there were more 
eggs found at control sites. In August of 1995 there were more egg~ at oiled sites in both the 1 
at;1d 2 MVDs. Egg settlement rates at oiled sites in the 0.5 MVD increased slightly since 1992 
b~t had not converged with control site rates by 1995. These differences were generally 
consistent at all sites examined (Appendix B). 

· : · In ·general, the distance to the nearest fertile Fucus plant, which is inversely related to the 
density of reproductive plants, was greater at oiled sites compared to. control sites (Fig. 2.20). At 
the .0.5 MVD the distance to the nearest fertile Fucus plant was significantly greater at oiled sites 
on all dates although convergence of means began in 1993. At the 1 MVD the distance to the 

1 ~earest fertile plant was also greater at oiled sites in 1991 and 1992, but· in July 1993 and 1994 
the:reverse is true. At the 2 MVD fertile plants were further away at oiled sites in 1991, but in 
Jtme and August 1993 and May and July 1995 they were slightly further away at control sites. 
6n·the last sampling date at 2 MVD the distance·was again greater for oiled sites. At all levels, 
the· distance to the nearest fertile plant remained relatively constant at control sites, but at oiled 
sit~s the distance decreases over time to converge with control levels. The differences averaged 
over:all site pairs were also seen at individual site pairs (Appendix B). 

In 1994,.egg settlement rate showed a significant negative relationship with net water 
flo:w when both oiled and control sites or just oiled sites were considered (Fig. 2.21). Control 
sit~s, however, showed no relationship between egg settlement and net flow. Average net flow 
wds significantly greater at oiled sites than at control sites (t=4.788, df=46, p<0.001). 

Fucus Recruitment: Desiccation and Whiplash 

Wetted cotton balls lost 10-20% of their total mass during the five hours of the field 
desiccation trial. The percent cover of germlings after 11 days in the field was negatively 
correlated with drying rate and there seems to be a threshold effect (Fig. 2.22). In areas where 
the desiccation rate exceeded about 0.2 glhr few germlings survived, while in areas with 
desiccation ratesofless than about 0.15 glhr most of the germlings survived. Only four areas 
had intermediate survival rates; most areas had either high or low survival of germlings .. 

Germlings growing on dishes subjected to whiplash from large plants showed 
significantly higher mortality than germlings without large plants present. The densi:ty of 
germling·s on dishes subjected to whiplash·was 0.73 (±0.32 SE) per field of view under a 
dissecting microscope at 25x power. In contrast, on control dishes germling density remained at 
the original level of77.45 (±7.90 SE) per field of view (p<O.OlO, df=5). Germlings;on dishes 
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subjected to whiplash were found only in the comers between the side and bottom of the dishes 
where adult fronds could not touch, suggesting that physical contact with the adult plants was 
necessary to remove germlings. If shading, or chemical release from adult plants caused 
germling mortality, then surviving germlings would be evenly dispersed over the petri dish. 

Fucus Recruitment: Substrate Heterogeneity 

The size of the tile grooves spanned the size range of most cracks seen in the rock surface 
(Fig. 2.23). The initial seeding densities on the grooved tiles varied between groove widths but 
not depths (Fig. 2.24A, Table 2.3). There were fewer germlings in narrow grooves than in wide 
or medium 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 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 being in the field 
by the initial number of germlings. Due to natural recruitment of germlings, it was possible for 
this value to be greater than 100 percent or to increase over time. After one summer almost no 
germlings survived out of grooves and after one year none survived (Fig. 2.24B, C). In grooves, 
however, about 10% of the germlings survived. After two months, survival rate was higher in 
medium and narrow grooves than in wide grooves, especially in shallow grooves (Fig. 2.24B, 
Table 2.3). After one year, survival was greater in narrow relative to wide grooves, and in deep 
compared to shallow grooves (Fig. 2.24C, Table 2.3). 

Natural recruitment was monitored on the unseeded tiles for the first year. In July 1993 
there was no difference in the number of visible germlings per tile (t-test, df=45, p=0.282), so 
seeded and unseeded tiles were lumped for analyses after this date. Germlings never recruited 
naturally onto the tiles out of grooves. No significant differences were detected comparing the 
number of microrecruits in the different sized grooves in August 1992 (Fig. 2.25A, Table 2.4). 
In June 1993, however, there were significantly more microrecruits in medium and narrow 
grooves compared to wide grooves (Fig. 2.25B, Table 2.4). There were significantly more 
visible recruits in deep grooves than in shallow grooves in 1993 and 1994 (Fig. 2.25C,D,E, Table 
2.4). On both sampling dates in 1994 there were more recruits in medium grooves compared to 
either wide or narrow grooves (Fig. 2.25D,E, Table 2.4). In contrast to Fucus, barnacles were 
significantly more abundant in wide grooves compared to other widths in both 1993 and 1994 
(Fig. 2.24D,E, Table 2.3). 

Fucus Recruitment: Canopy, Tidal Height, and Oiling 

To examine the effects of Fucus canopy, tidal height, and oiling on germling survival, the 
number of germlings in all grooves were counted. The dependent variable is the percent survival 
or number of germlings per tile regardless of groove size. Both percent survival in August 1992 
and number of recruits in July 1993 were greater under Fucus canopy and at unoiled sites (Fig. 
2.26, Table 2.5). There were no other main treatment effects on any of the other dates sampled. 

The temperature ofthe tiles on a hot day was significantly greater at oiled sites compared 
to unoiled sites, and tiles were significantly cooler under Fucus canopy than tiles with no canopy 
(Table 2.6). The maximum tile temperature recorded was 43.6°C. 
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Fucus Recruitment: Caging Study 

The effect of cages and herbivores on germling recruitment was examined by evaluating 
the number of germlings per plate, ignoring groove size. If there were differences between fully 
caged tiles and tiles with open cages, then this was considered as an herbivore effect since the 
only difference between the two treatments was the presence or absence of herbivores. If there 
were differences between uncaged tiles and open cages, this indicated that there was an effect of 
the cages. _ · 

There were no significant effects of caging or tidal zone on the survival of germlings 
(Fig. 2.27, Table 2.7). In the high zone,'however, there tended to be higher survival in open and 
full cages than on uncaged tiles, suggesting an effect of the cages. · 

The number of recruits in 1993 showed significantly more recruits on the fully caged 
tiles (Fig. 2.28A, Table 2. 7), indicating an herbivore effect. By September 1994, the number of 
germlings on tiles with open cages had increased to equal the number .on fully caged tiles, but 
the germling number on uncaged tiles remained significantly lower than either cage treatment. 
Thus, at the end' of the experiment there was a significant cage effect. Germlings were longer in 
the absence of herbivores. The length of germlings was always greater on fully caged tiles 
compared to either open caged or uncaged tiles (Fig. 2.28B, Table 2.8). 

Growth and Mortality 

· In the high zone there was a lower density of plants of all size classes at oiled sites in 
1991. The mean distance to the nearest plant in all size classes was significantly greater at oiled 
sites than at control sites in the high zone (Fig. 2.29) .. There was also a significantly greater 
distance for large plants in the mid zone at oiled sites. 

The growth rate of the population as a whole, indicated by the net growth rate including 
both positive and negative values, w~s generally not significantly different between oiled and 
control sites. Net growth rates were generally greater at oiled sites than at control sites in the 
high zone for all size classes on all dates (Fig. 2.30), but significant differences were detected 
only for medium plants during the 1991 and 1992 winters. In the mid zone, these were no 
differences between oiled and control sites in net growth rate (Fig. 2.31 ). ·In the low zone, 
growth rates were significantly greater at the oiled sites compared to control sites for small 
plants only during the 1992-93 winter, but this pattern was reversed in the next winter (Fig. 
2.32). Large plants also grew faster at control sites in the low zone in the 1993 winter. 

Yearly ·net growth rates at the oiled sites were almost always greater than at control sites 
from 1991 until 1993. Significant differences were detected in the ·high zone for small and 
medium plants from 1991 to 1992 (Table 2.9). At control sites plants in all size classes lower in 
the intertidal grew faster than plants in higher zones (Table 2.10). These growth differences 
were. significant in both winters and in the summer of 1993 (Table 2.1 0). At oiled sites, 
however, there were no growth patterns related to tidal level. 

Absolute growth rate did not vary with the length of the plant; all plants grew at the same 
absolute rate regardless of initial size. Of the 14 regressions (7 time ·periods for both oiled and 
control sites) only five showed a significant relationship between growth rate and initial size 
(Table 2.11 ). In all five cases the slope of the regression line was quite small ranging from 0.002 
to 0.006. The proportional growth rate, measured by- the percent change in length, did vary with 
initial size of plant (Table 2.11 ). All 14 regressions yielded a negative slope indicating that 
shorter plants grew relatively faster than longer plants. All but two of the regressions showed a 
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significant relationship between initial length and percent change in length. There were no 
significant effects of net flow rate on the growth of Fucus (Fig. 2.33). However, the fact that the 
power of the experiment was low and a p-value of 0.075 was obtained for the summer data, 
suggest that the trend of lower growth at higher flow rates should be re-examined. 

There were no differences in the mortality rate (% mortality/week) among tidal heights, 
plant size, or oiling {Table 2.12). Mortality, however, was almost twice as high during the 
summer compared to winter. Surrounding canopy affected the survival of marked plants. 
Almost half of the plants (44%) that had the surrounding canopy removed had died after eight 
weeks. This mortality rate ( 5.5%/week) is about twice that of any naturally observed mortality 
during the growth studies. At the same time, only one of 18 (5.5%) plants that had the 
surrounding canopy left intact had died. Thus, the mortality rate (0.7%/week) of control plants 
was about one eighth of that for canopy removal plants (p=O.Ol8, Fisher's exact test). 

Substratum Use by Fucus 

Analyses of the proportion of small, medium, and large plants using different substrates 
compared to substrate availability were done using the Selectivity Indices (Krebs 1989): 

Puse-Pavailab le 
Puse+Pavailable 

where Puse =the proportion of plants of each size category using a substrate and Pavailable 
the percent cover of that substrate. A positive SI indicates use greater than the availability of the 
substratum, and a negative value shows the opposite. The Selectivity Index (SI) results were 
plotted with 95% confidence intervals so that values significantly different from zero could be 
visually identified. 

In 1994, all plant sizes had Sis significantly less than zero for smooth rock (Fig. 2.34). 
Generally, the Sis for all plant sizes were positive for crevices but were significantly different 
from zero only for medium and large plants at oiled sites. For barnacle substrates, medium and 
large plants had significantly lower Sis than zero, but small plant Sis were near zero. 

In 1995 for rock substrates including both smooth rock and crevices, small and medium 
plants at protected sites had Sis less than zero but large plants had Sis greater than zero (Fig. 
2.35). At exposed sites small plants also had significantly negative Sis, but the Sis for medium 
and large plants did not differ significantly from zero. For barnacle substrates the situation was 
reversed. At protected sites small and medium plants had significantly positive Sis, but large 
plants had negative Sis. At exposed sites, none of the Sis differed significantly from zero. 

The Sis also varied between plant sizes for all substrate types in 1994 (Fig. 2.34, Table 
2.13). For smooth rock surfaces, small plants had significantly lower Sis than either medium or 
large plants. Small plants also had lower Sis than large plants for crevices. All plant sizes 
differed significantly for barnacle substrate with small plants having the highest Sis and large 
plants the lowest. In 1995, the three plant sizes differed significantly for rock substrates with 
small plants having the lowest Sis and large plants the highest (Fig. 2.35, Table 2.14). For 
barnacle substrates, large plants had lower Sis than either small or medium plants. 

There were also differences among sites in the value of Sis for the different substrate 
types. In 1994, oiled sites had higher Sis for crevices and lower Sis for barnacles (Fig. 2.34, 
Table 2.13). There was also a pair effect for each substrate type, indicating differences between 
matched pairs of oil and control sites. In 1995, there was a significant exposure by size 
interaction term for both rock and barnacle substrates (Fig. 2.35, Table 2.14). For rock 
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substrates, there were generally higher Sis at exposed sites compared to protected sites, but this 
was not true for large plants. ·For barnacle substrates, the Sis were higher for .both small and. 
large plants at the exposed site compared to protected sites. There were not any significant tidal 
level effects in 1995, so data from the two tidal levels were pooled for presentation. 

Breaking Strengths and Mortality of Fucus on Barnacles and Rocks 

At both the exposed and protected. sites, the breaking strength of Fucus was almost three 
times greater for Fucus growing on' rock compared to plants growing on barnacles of all species 
(Fig. 2.36). There was no difference in the breaking strength of Fucus between sites. 

Mortality was higher' for Fucus growing on barnacles comparyd to plants growing on 
rock {Fig. 2.3 7). After both six and 14 weeks, a significantly higher proportion of plants 
survived when they were growing on mck compared to barnacles. 

DISCUSSION 

Population Dynamics 

The information gathered on Fucus size indicates that in some areas many larger plants 
were killed or removed by the oil spill and subsequent cleanup efforts. The removal of large 
plants at oiled sites resulted in fewer reproductive plants as well as less receptacles per quadrat. 
These results occurred mostly in the first two meters of vertical drop at sheltered rocky sites, 
showing that the effects of the spill on Fucus were concentrated in the upper portion of the 
intertidal zone in this habitat. Ephemeral algae, however, were more abundant in the third 
MVD, demonstrating that the effects o~the spill were not limited to the upper intertidal. Also, at 
coarse textured sites where algae were only abundant in the low intertidal, lower abundances of 
large plants were observed in the third MVD at oiled sites. 

In addition to differences in plant densities, the condition of reproductive plants at all 
sites showed differences between oiled and control sites. At oiled sites, plants were shorter and 
had fewer receptacles than at control sites, possibly due to a larger proportion of relatively young 
reproductive plants at oiled sites. Convergence was seen in 1994 and 1995 for both length·.~nd 
number of receptacles per plant, indicating relatively slow recovery due to low growth rates, 
rapid loss of plant fron~s, limited production of receptacles, or a combination of these prqcesses. 
The fact that the number of receptacles per plant was lower at oiled sites.indicates. a significant 

problem for recolonization. Fucus eggs tend to travel less than 0.5 meters from their soutce 
plant (McConnaughey 1985, van Tamelen and Stekoll1995, see below), therefore reductions in 
receptacle number have contributed to reductions in egg settlement rate, leading to· increased 
recovery times. . . : .'' 

Lower percent coverage of Fucus at oiled sites in 1990 and 1991 was a result of tp~ 
removal of large and reproductive plants·. Fucus cover was lower at the same oiled sites ;~d 
tidal levels where the density of large plants was reduced. The loss of the dominant alg~ ~lso 
may have led to increases in the cover of weedy, ephemeral algal species such as (;;ladoph.ora, 
Scytosiphon, and Enterornorpha. In many habitats, ephemeral species are il1dicatiyeiof:~e9ently 
disturbed areas where the competitive dominant has been removed '(Lubchenco 197:&.~ SoU:sa 
1979). There is, however, an alternative explanation to the observed increase in ephe~eral 
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algae. These types of algae are typically more susceptible to grazing by molluscan herbivores. 
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Since post spill decreases in the abundance of these herbivores have been demonstrated in 
Herring Bay and other spill affected regions (Houghton eta!. 1996, Lees et al. 1996) the lack of 
herbivory may have allowed ephemeral algae to flourish. 

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 patterns indicative of major disturbance. The remaining site pair, the 
intermediately sloped pair 1732C/1732X, showed little or no effect of the oil spill even though 
oiling was heavy at this sit~. The variability among sites may be due, in part, to different 
cleanup treatments applied to the sites. Based on information provided by the Alaska 
Department of Natural Resources and on field observations in the spring of 1990 we determined 
that site 1732X probably was not treated to remove oil, but sites 1231X and 3611X were treated. 
Where Fucus canopy was removed, the rock was mostly free of oil except for small amounts in 
cracks and crevices in the rock in 1990. There were often holdfasts still attached to the rock 
indicating that Fucus was once abundant. These observations suggest that these sites were 
treated with high pressure, hot water in 1989. 

Recovery Processes 

Recovery of Fucus has proceeded at varying rates between sites and tidal heights. For 
example, at site pair 1231C/1231X in the second MVD there were more germlings (0-2.0 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 and 1993 there was an 
increase of large plants at the oiled 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 coarse 
textured pair, 2333C/2333X. The rate, magnitude, and variation of recovery, however, varies 
slightly among site pairs. Much of this variation could be explained by variations in 
environmental conditions and starting points. For example, recovery at the vertical site 3611X 
was faster, had a higher magnitude, actually increasing above control densities, and had less 
variation compared to the gently sloping site 1231X. The vertical walls faced northwest and 
rarely had direct sun at low tide, leading to lower desiccation stress. Lower stress would have 
the effect of enhancing recolonization as recruitment may be limited by desiccation and heat 
stress (Brawley and Johnson 1991, see below). 

Recovery in the upper intertidal at sheltered rocky sites has proceeded more slowly than 
in lower zones. The number of5-10 em and >10 em plants increased in 1991 (5-10 em) and in 
1992 (> 10 em) at oiled sites in the first MVD to levels similar to those at control sites (Figs. 2.4-
2. 7). These increases occurred 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 Stekolll984). 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. 

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, but by 1994 the density of Fucus plants fell to 
values similar to the control sites. In the mid intertidal, Fucus seems to have fully recovered by 
1994. In the upper intertidal, where desiccation stress is high, recovery of Fucus has proceeded 
more slowly,_ and significant differences for some of the variates were still detected in 1995. 
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Egg Production and Dispersal Mechanisms 

Both egg production and dispersal can have great influences on recovery. If the 
production of viable propagules or dispersal is limited, then recovery of denuded shores will be 
retarded. There were no consistent and.biologically meaningful differences detected between 
oiled and control sites in· the egg release rate of re.ceptacles, the wet weight of receptacles, or. the 
viability of released eggs. It appears that the oil spill either had no effect upon Fucus egg 
production and viability or Fucus plants had recovered from any oiling effect by 19~h. 

Many seaweeds have been shown to have short distances between new recruits and 
parent plants (Anderson and North 1966, Dayton 1973, Deysher and Norton 1982, Paine 1979, 
Sousa 1984, Vandermeulen and DeWreede 1986, Chapman 1986, Reed e( al. 1988; Norton 
1992). All of these studies, however, examined recruitment at various distances from source 
plants. There are·many factors that vary with distance from source plants, especially those that 
form canopies, such as desiccation and herbivory (Brawley and Johnson 1,991 ). Both of these 
factors have been shoWJ;l to increase mortality among new recruits (Ll1bch~nco 1983, Chapman 
1990, Brawley ~d Johnson 1991, see Chapman 1995 for a review). It is ppssible that initial 
dispersal distances are longer than thos.e observed for recruits but that mortality further from 
canopy forming ~dults is rapid and severe. Kendrick and,Walker (1991), however, found short 
dispersal distances of settling Sargassum muticum propagules that w:ere dyed and vacuumed up 
using a venturi pump. This is the only study that has investigated di&persal distance at the 
settlement stage; of an alga. In. our experiments 96% of observed eggs settled within 20 em of 
the source plantS, irldicating sh<;>rt disp,ers~l distances for Fucus gardneri. 

. There ate a' variety of rtiechani.&ms that could lead to short dispersal distances in Fucus. 
Fucus egg& are ei~er releas.ed at,Iow tide (Brawley and Johnson 1992) or in the water column 
after re1mmersi,oD;· as the tide floo4s,(J;>ol~ock 1970, Muller and Gassma;nn 1985). Short dispersal 
dista:o.ces shoulld occur if eggs at~ ~el¢a:sed at the ~tart of low tide with large quantities of mucus 

· .(Brawley .and ~o~son 1992), and t~es:e eggs would have enoug~ time to begin .adhering to the 
substrate (Vreelap.d et a!. 1993),

1 
redu.Ci~g the likelihood that the yggs ~ould be swept away by 

water curren~s.; On the other hand;·;eggliTeleased into the water col:umn,may maintain short 
dispersal distap.ces by having relatively large, spherical eggs (75 Jlm) ~hich would decrease 
frictional resi~tance and increase sinking rates (Coon et al. 1972, Okrida and Neushul 1981 ). If 
the eggs are relea:sed with muc~s, ,as· they are when released during low· tide (Brawley 1990), 
then their effe.cti\~e diameter would be increased resulting. in even faster sinking rates (Norton 
1992). Mucus co~ld also serve. to' temporally bind eggs.together pro<i;ucing a large mass of eggs 
whicp would tapialy fall to the substrate (Brawley, 1990, Norton, 1992), McConnaughey (1985) 
found that the dis,tribution of settled eggs was leptokurtic, suggestive.of dispersal mechanisms 
similar to pollen \n the wind. 

The i4e~:t ,that long distance dispersal in seaweeds can be accomplished by drifting plants 
is not new (Russ.¢111967, Dayton 1973, John 1974, Norton 1977a, b, Deysher and Norton 1982, 
Norton,and·Mat~ieson 1983, van den Hoek 1987, Paine 1988, Norton 1992). No. studies so far 
.have actually ascertained that drift plants are fertile and able to release viable propagules. 
Indeed, Norton and Mathieson (1983) have suggested that drift plants have lower reproductive 
abilities compared to attached plants due to lower nutrient fluxes. Nqrton (1992) suggests that 
seaweeds likely to be good drift disperse,rs are those that are both monoecious and self-fertile. 
Fucus gardnerl satisfies, both of these requirements and has been shown in this study to release 
many, viable.propagules. 

Fucus may have evolved morphological features which enable it to utilize drift plants as 
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mechanism to colonize new areas. For example, the inflated receptacles of Fucus may serve to 
keep unattached plants near the surface of the water so that when they encounter a shoreline, 
they will release eggs into a suitable intertidal habitat. Also, the propensity to release eggs either 
during or after desiccation may also serve to increase the chances of eggs released by drift plants 
encountering favorable habitats, since drifting plants will only be dried when they are washed up 
on shorelines. Thus, Fucus is similar to vascular plants which have seeds adapted for both long 
and short range dispersal although the mechanisms are very different the result is the same. 
Some propagules land in areas close to where the parent plant grew and survived to reproduce 
while others land in novel areas. 

Settlement Patterns 

In general, the number of eggs settling on oiled shorelines in the high intertidal was much 
lower than on control sites even six years after the spill (Fig. 2.19). In lower tidal levels the 
settlement rate was lower at oiled sites in 1991 and 1992, but by 1993 there is little or no 
difference in settlement rates at control and oiled sites. This pattern was spatially consistent, 
being observed at all 12 site pairs studied. Also, at the two pairs examined over the three years 
of the study, the pattern was temporally consistent, showing recovery of settlement rates in lower 
zones and little or no recovery in the highest zones. 

The density of reproductive plants at oiled sites was lower as shown by longer distances 
to the nearest fertile plants in most cases (Fig. 2.20). This result was also consistent spatially 
and temporally, showing faster recovery in lower zones and less recovery in high zones. In other 
experiments this study has also documented lower abundances of reproductive Fucus plants at 
sites impacted by oil spills. Because eggs rarely travel more than one half meter from the 
parental plant and are much more abundant near the source plant (McConnaughey 1985, van 
Tamelen and Stekoll 1995, Fig. 2.18), the lower settlement rates observed can be attributed to 
lower densities of reproductive plants. At the 2 MVD level in 1992, however, the distance to the 
nearest reproductive plant converged between oiled and control sites, but the settlement rate at 
oiled sites remained low. Van Tamelen and Stekoll (1996) observed fewer receptacles per 
reproductive plant at oiled sites than at control sites in Herring Bay, which may contribute to 
lower settlement rates at oiled sites. 

Norton and Fetter (1981) presented evidence from the lab that Sargassum propagules 
settle in higher densities at higher flow rates. Their study, however, did not correct for the 
shorter amount of time propagules have to settle at higher flows; propagules travelling at 0.5 mls 
will have half as long to settle compared to propagules travelling at 0.25 rnls over the same 
surface area. Thus, their study may not be applicable to field situations because it was done in 
the lab making extrapolation to the field difficult and there was no time correction for different 
water velocities. By measuring settlement rates and net water flow simultaneously in the field, 
this study documented a negative relationship between water velocity and settlement rate. This 
relationship may be confounded, however, by the fact that control sites that had higher 
settlement rates also had lower water velocities. Therefore, the negative relationship between 
water velocity and settlement rate may be due to either water velocity differences or the effects 
of oiling and the removal of reproductive plants. 

Recolonization will be greatly inhibited by exposure to the rigorous environment in the 
upper intertidal where Fucus canopy has been removed by the oil spill or clean-up activities. 
Where reproductive Fucus plants are sparse or have fewer receptacles, settlement of Fucus eggs 
can be greatly reduced. Low settlement rates can impede recolonization where Fucus has been 
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removed by an oil spill or other disturbance., 

.Recru~tme~t 

After settling on rock surfaces, Fucussporelings face a variety of challenges before 
reaching adulthood. Cracks and cr.evices in. the substrate 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 b~fore being exposed to them (Lubchenco 1983). In 
this study, germlings survived poorly out of grooves (Fig. 2.24B) and never recruited naturally 
out of grooves (Fig. 2.2.5). Since the recruits visible after one year were evenly dispersed among 
the groq~e widths, settlement appears to be unbiased toward groove width. After an -initial even 
settlem~nt, the chance of surviv:!ll was greatest in narrow and medium width grooves. In 
contrast, recruitment to larger sizes was greatest in both deep and narrow grooves. Wide 
grooves may be wide ~nough to allow grazing by smalllittorinid snails and limpets while narrow 

. I 

grooves may ~ot allow germlings to grow larger since zygotes were only slightly smaller than 
the grooves. There Jn\ly also be competition for wide grooves since barnacles r~cniit~d most 

. abundap.tly to. ~Q.ese ~ooves, often forming a line of new recruits only in: the wide grooves. This 
heavy ·~epruitment ofl;>aml'tcles may have prevented the establishment of some Fucus: germlings. 

Although cracks and crevices increased survival and recruitment, cracks alone were not 
sufficient to allow survival of young Fucus germlings. Germling. survival and recruitment was 
lower without Fucus canopy regardles~ of the presence of cracks, indicating that Fucus canopy 
had a p~sitive effect on recruitment in Herring Bay (Fig. 2.26). The Jack of significant canopy 
effects in 199~ may have been due to the loss of canopy plants over and Iiear some rtiles that 
were supposed ~o be ~n canopy. Other studies have shown that Fucus canopy. can have both 
posWY;e: a11d negl'ttive; effects on germling recruitment (Menge 197 6, Lubchenc.o 198~, Vadas et 
al. 1992, Bra)Vl¢y & Johnson 1991, Chapman 1995). Geirnlings may be brushed:offthe rock 
surface by a~hlt plants, that were abundant at unoiled sites, as they are thrust..backa~d forth by 
wave ~dtion ~Dayton 1971, Vadas et al. 1992). Conversely, at oiled sites'lacking:a healthy 
can~pyiof.ad~lt Fucu.s germlings are subjected to increased heat and desiccation str~s~. In the 
Fuc~s.c~nopy~ desiccation is relatively low while outside of Fucus beds on. e~pose~ifock surfaces 
desibca~ion c~~~ be severe, especially in the high intertidal (Brawley & Jobp.so:O, 1.~91).: In 
Herring Bay;:.germling survival Wl;lS found to be higher where desiccation stress was lower (Fig. 
2.22), ~s well as un~~r the Fucus canopy (Fig. 2.26). Germling survival was aJso low~r at oiled 
sites lacking Fucus ·canopy and thus subjected to more severe heat and desiccation stress. Tile 
temperatures were low~r under Fucus canopy and higher at oiled _sites, wlth a :tnaX.i:\l].um of 
43.6°C, showing that temperatures can be severe in this region. It appears that the ppsitive 
effects of Fucus canopy of reducing heat and desiccation stress are more impo'rtl;lt).t :in Herring 
Bay than the negative effects of whiplash by the canopy. Although germlings recruiting under 
Fucus canopy .may face survival challenges in the form of P,erbivory and whiplash, the · 
alternative of recruiting in areas without Fucus canopy seems to present more:se~ere threats to 
future survival by .heating and desiccation stresses in higher intertidal zones. . . 

In.normal situations with a healthy canopy of Fucus germlings are subjected to grazing 
pressures from molluscan herbivores such as limpets and snails. In this,study, the.r,esults of the 

. caging study were not always easy to interpret. There may have been an effect of cages in the 
high zone on germling survival since tiles with either open or full cages tended to have higher 
survival rates than tiles without cages (Fig. 2.27). Since the cage effect was only s~en in the 
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high zone, and because germling survival was less where desiccation was high (Fig. 2.22) and in 
the absence of Fucus canopy (Fig. 2.26), this potential cage effect can be attributed to the 
reduction of heat and desiccation stress by the cages. The number of recruits was greater in full 
cages in 1993, indicating that herbivores had a negative effect on recruitment (Fig. 2.28). In 
September 1994, however, the number of germlings on tiles in open cages had increased to equal 
the number on tiles in full cages, indicating that there was a cage effect. Thus, both the absence 
of herbivores and shading by cages promotes recruitment with the former acting faster than the 
latter. Herbivores also affected germling net growth; germlings on tiles with full cages averaged 
7-8 times longer than germlings on other tiles. Longer germlings may be a consequence of 
reduced herbivory pressure. But the lack of evidence of extensive grazing marks on the 
germlings outside of cages suggests that growth of the germlings inside cages may have been 
enhanced. Such enhanced growth rates in fully caged tiles without herbivores may be due to less 
energy being allocated to anti-herbivore compounds, allowing more energy to be devoted to 
growth (Yates & Peckol1993). 

Recolonization will be greatly inhibited by exposure to the rigorous environment in the 
upper intertidal where Fucus canopy has been removed by the oil spill or clean-up activities. 
Where reproductive Fucus plants are sparse or have fewer receptacles, settlement of Fucus eggs 
can be greatly reduced. Low settlement rates can impede recolonization where Fucus has been 
removed on a large scale by an oil spill or other disturbance. 

Once eggs have settled on a denuded shoreline, they may face additional barriers to 
recolonization. At denuded sites, since there is no protective Fucus canopy, germlings face 
much greater desiccation and heat stress, leading to lower growth and survival rates. Lower 
growth rates as germlings will increase the time spent in a stage more vulnerable to herbivory, 
whiplash, heat, and desiccation, further decreasing their chances of survival to adulthood. On 
the other hand, denuded sites tended to have fewer herbivores (Highsmith et al. 1996) so 
germling survival, recruitment, and growth may be greater in highly disturbed sites such as the 
oiled and cleaned sites. 

Growth and Mortality 
An unexpected result of the oil spill and clean-up was that newly recruited Fucus plants 

grew faster at oiled sites compared to control sites. These enhanced growth rates may have been 
due to reduced herbivory pressure or to reductions in plant densities at the oiled sites leading to 
less intraspecific competition for light, nutrients, or space (Kendziorek and Stekolll984). The 
effect of increased water motion at oiled sites tended to lead to decreased growth rates (Figure 
2.33) which is the opposite ofthe observed pattern. 

Growth rates reported here are similar to rates reported in other studies of fucoid algae on 
the west coast, but lower than those reported on the east coast. The maximum growth rate was 
0.45 cm/wk in summer 1992 (Fig. 2.32), which is close to the maximum rate reported for F. 
distichus ssp. edentatus (approx. 0.47 cm/wk) in central Puget Sound (Thorn 1983). The 
maximum growth rate at control sites, however, was only 0.36 em/wk. These maximum rates 
are lower than those reported for F. distichus ssp. edentatus (1.0 cm/wk) in Maine (Keser and 
Larson 1984) and for F. vesiculosus (0.88 cm/wk) along the New England coast (Mathieson et 
al. 1976). Other studies of fucoid algae have reported average yearly growth rates of 0.63 
cm/wk for F. distichus ssp. edentatus in New England (Sideman and Mathieson 1983) and 0.30 
cm/wk for F. spiralis in New Hampshire (Niemeck and Mathieson 1976). The maximum yearly 
growth rate reported in this study was 0.20 em/wk. 

These differences in growth rates may be due not only to species differences, but also to 
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latitudinal differences (Mathieson et al. 1976). Light and temperature seem to be key 
environmental factors controlling fucoid growth (Mathieson et al. 1976, Niemeck and Mathieson 
1976). At high latitUdes, such as Alaska, seasonal fluctuations in light and temperature are more 
extreme than in temperate· areas. Because of these extreme differences, growth dynamics might 
also be quite different. Additionally, most studies offucoid growth show rapid growth during 
spnng-sum1ner, when light and temperatures are increasing. In our study, winter growth rates 
were sometimes greater than summer rates. We measured plants only from May to August. Due 
to this limited sampling regime, rates reported for winter include early spring growth, which · 
might have been quite rapid, thus inflating the winter growth rates. 

Small amounts (200 ppb) of oil have been shown to stimulate Fucus growth, especially in 
juvenile plants (Steele 1977), possibly due to nutritional benefits from the hydrocarbons · 
(Stebbings 1970); Steele (1977) found that above this level, however, there is an adverse effect 
of oil on growth. Stebbings (1970) found that the'adherence oftl).ick layers·of oil inhibits gas 
exchange with the air. Other studies have shown that adultFucus.plants are fairly resistant to oil 
(Thomas 1973, Nelson 1982, Crothers 1983), unless tarry masses adhere.to the fronds (Thomas 
1973, Nelson·1982). This resistance is perhaps becaus~ ofa mucilage layer that protects the 
algae (Thomas 19:J3)'. ·Oil wa:s.never observed adliering:to any oQhe plants in this study. Any 
direct effects of oil would be due to hydrocarbons found.' in the wa~~r column~ 

Greater observed growth rates at oiled sites in the upper intertidal fm all size classes 
I , . 

during 1991-1992 may be due to either indirect effects of the oil spm (e.g. herbivory, density 
effects, substrate .availability) or to site differences notT~lated to oiiing. ·For example, there was 
greater ice scoudn the.southeastem portion of the· bay where control sites were located. (van 
Tamelen and Stekoll 1996).·· Ice scour may have caused breakage ofplant.stipes, resulting in. 
lower or negative· ·grow;th at these sites. : ,. · 

Growth rates in, this study varied with tidal height (Table 2.1 0): Other studies have found 
higher growth"rat~~ in the low intertidal (Schonbeck a~d,Norton 1978, 1979, Keser and Larson 
1984). In the. upper intertidal; slower growth rates may ~e related to a decrease in 
photosynthesis si~ce th¢ plants spend more time out ofwater each qay.· In addition tissue 
damage due to desiccation (Schonbeck and Norton 1978) or riutrien:tshortage·(Schonbeck and 
Norton 1979) are possible:factors: We observed such gf:pwthpatt~ms at control sites, but at 
oiled sites we failed to 'tletect any relationship of groWth! to tidal height:' At oiled sites, plant 
density was reduced more in the upper intertidal compar¢d to lower zdhes (van Tamelen and 
Stekoll1996, this study,),·thus intraspecific competition was 1east'in the. upper zones, allowing 
plants in the high zone to grow as fast as plants lower down. 

Our data show ~at large plants grew faster than ~mali plants (Table 2.11 ). Although 
larger plants had.highet: abs,olute growth rates, smaller plants grew proportionately faster (i.e. 
greater percent change in length). Ang (1991) suggested that growth is size-dependent and 
reported highest growth rates for plants that were between 4.5 and 9.5 em in length. Some plants 
larger than 9.5 em had similarly high growth rates, but others had negative growth rates due to 
attrition, resulting in lower·bverall growth rates. Niemeck a~d Mathieson (1976), however, 
showed no relationship between initial size of plant and growth rates, but they did not 
distinguish between potential and net growth rates. 

Percent mortality vaned with season (Table 2.12). Paradoxically, the highest mortality 
rates were in the summers when growth rates were highest. . Others have found that mortality is 
greatest during winter when storms, and freezing, and ice scour can kill plants (Thorn 1983, 
Keser and Larson 1984, Ang 1991). The reasons for .the high summer mortality rates are 
unclear, but may be related to the high summer temperatures and qesiccation stress. 
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Habitat Use 

Few studies have examined the use of barnacles by fucoids relative to the availability of 
barnacles. Farrell ( 1991) mentions that Pelvetiopsis and Fucus are almost always growing on 
barnacles except where herbivores have been removed. His study areas consist of almost 100% 
barnacle cover and are subjected to heavy barnacle recruitment. There are few bare spaces to be 
colonized by fucoids, and those that do become available are quickly covered by spat. 
DeVogelaere and Foster (1994) examined the proportion of Fucus recruits on cracks, smooth 
rock, barnacles, and tar relative to the availability of those substrate types. They found that 
Fucus use differed from availability, but did not statistically compare the use of a particular 
substrate to its availability. Even though DeVogelaere and Foster (1994) worked in the same 
location as this study, they obtained much higher estimates of the cover of cracks in the substrate 
(about 4 7% for their study compared to about 20% in this study). This discrepancy probably 
results from the techniques used to estimate the coverage of cracks. DeVogelaere and Foster 
( 1994) counted the proportion of 1 Ox 10 em squares dominated by cracks and failed to define 
what constitutes a crack. From our experience, cracks may seem visually abundant even when 
the actual abundance is relatively low, thus DeVogelaere and Foster (1994) may have over 
estimated the abundance of cracks by using visual techniques (see Dethier et a!. 1993 for a 
review of percent cover techniques). They may also have used a less stringent definition of 
cracks than we did here. 

This is the only study to examine the selectivities of different sized fucoids on various 
kinds of substrate. DeVogelaere and Foster (1994) compared only percent cover of substrates 
and proportion of plants using the substrates, and they only looked at plants less 2.5 em in 
length. Generally, small plants (<2.5 em) either show a positive or no relationship to barnacles 
or crevices in the substrate, and small plants tend to avoid smooth rock (DeVogelaere and Foster 
1994, Figs. 2.34-2.35). Large plants (> 10 em), on the other hand, were consistently negatively 
associated with barnacles and medium sized plants (2-10 em) were intermediate between small 
and large plants. Since Fucus plants are not mobile, this shift in substrate use indicates that there 
is higher mortality on barnacles compared to plants growing on either smooth or creviced rock 
(Fig. 2.37). Indeed, over the summer of 1995, we observed nearly double the mortality rate of 
Fucus plants growing on barnacles compared to those individuals growing on rock. The 
mechanism for this mortality seems to be dislodgement. Plants growing on rock had breaking 
strengths almost three times of those growing on barnacles regardless of barnacle species (Fig. 
2.36). 

It is interesting that we found no effects of exposure on either substrate use or breaking 
strengths of Fucus. Fucus is known to vary in many morphological characteristics as a function 
of wave exposure, but it appears that breaking strength is unaffected by exposure. The adhesive 
strength of plants is the same in wave-protected and exposed locations. The breaking strength of 
the stipe of Fucus stipes may vary with wave exposure (Blanchette, unpublished data), but this 
was not assessed in this study, since most plants failed at the interface between the holdfast and 
the substrate. 

Recruiting onto barnacles may seem to be a good strategy for young fucoid plants. The 
barnacle, Chthamalus dali, recruited into bare patches created by the oil spill/cleanup, displacing 
the larger Balanus species. Thus, it was possible that these barnacles would accelerate recovery 
of fucoids at oiled sites by providing substrate heterogeneity. Over longer time scales, however, 
plants which recruit onto barnacles may have higher mortality rates due to dislodgement as they 
grow larger. In Herring Bay virtually all large plants are found attached to rock and almost none 
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are found on barnacles. Even though recruitment is much more successful on barnacles, the 
chances of surviving to reproductive age-(> 10 em) are very slim for those plants which recruit 
onto b~macles. Our study of recruitment of Fucus onto barnacles ,did not differentiate with 
respect to barnacle species, so it is unknown whether survival of Fucus germlings would be a 
function of the species of barnacle. The best strategy for Fucus re-population seems to be to 
recruit into cracks and crevices in the substrate and not on barnacles. Cracks and crevices in the 
rock surface can often enhance fucoid recruitment in the same manner as barnaCles by 
decreasing desiccation stress (Jemokoff 1985) and decreasing herbivory (Lubchenco 1983). We 
did not do a study of the interactions of.Fucus and barnacles and, therefore, can say nothing 
about how Fucus may affect barnacle recruitment at oiled sites. 

OVERALL DISCUSSION 

It has been extremely difficult to ascertain the cleanup history of our particular sites due 
to incomplete records and the geographic scale of the record keeping. All of the oiled sites are in 
shoreline segments in which some part, but not nec~ssarily all, of the segment received high 
pressure, hot water treatments, but we can not be certain ofthe treatment applied to individual 
sites. There is good evidence that cleanup efforts caused much of the decrease in Fucus canopy 
(Bromen eta/. 1983, Foster eta/. 1990, Rolan and Gallagher 1991, Le~s eta/. 1996, Houghton et 
al. 1996). Photographs of an OMNI boom in action show ·large amounts of floating Fucus 
within the containment boom during and after cleaning (Foster eta/. 1990, Noerager and 
Goodman 1991). These plants probably came from the rock being cleaned since the density of 
floating Fucus was visually much lower in surrounding areas. 

One of the consequences of the difficulties in determining oiling and clean-up histories 
was that all control sites were in the east half of the bay while most of the oiled sites were in the 
west half of the bay. Since the oiled and control sites were spa#ally segregated, it could be 
argued that the observed differences between oiled and control sites could just be an effect of 
location in the bay. If the southeastern (control) portion of the ~ay had inherently different 
Fucus populations, biology , and ecology, then no convergence in measured attributes should be 
observed. In this stu9:y, however, we observed convergence in all of the attributes measured 
between control and oiled sites, suggesting that the differences between oiled and control sites 
were caused by an event occurring before sampling began. The most obvious event that could 
have led to the observed results was the oil spill. Not only did -we observe convergence, 
suggestive of recovery from the oil spill, we have also identified plausible mechanisms for how 
the oil spill or clean-up could have led to the observed differences between control and oiled 
sites. 

The oil spill, especially with regard to intertidal plants, was basically a broad scale 
disturbance similar to other disturbances such as ice scour and logs that clear organisms from 
rocky shores (Dayton 1971, Paine and Levin 1981, McCook and Chapman 1991, 1993). The 
results presented here do not require the oil spill to be the agent of disturbance; they have 
elucidated the mechanisms by which Fucus has and continues to recover from a broad scale 
disturbance. These studies have also ascertained the factors which may limit recovery for Fucus 
populations following disturbance. In the lower tidal levels recovery occurred rapidly, taking 
about four years in the mid zone. In the low zone, however, relatively little damage was 
observed so recovery was faster than in higher zones .. In contrast, recovery is not yet complete 
in the high zone. 

2-27 



REFERENCES 

Anderson, E. K., and W. J. North. 1966. In situ studies of spore production and dispersal in the 
giant kelp Macrocystis. Proceedings of the International Seaweed Symposium 5:73-86. 

Ang, P. 0. Jr. 1991. Age- and size-dependent growth and mortality in a population ofFucus 
distichus. MarineEcology Progress Series 78: 173-187. · 

Ang, P. 0. Jr .. 1992. Cost of reproduction inFucus distichus. Marine Ecology Progress Series 
89:25-35. 

Arrontes, J. 1993. Nature of the distributional boundary of Fucus serratus on the north shore of 
Spain. Marine Ecology Progress Series 93: 183-193. 

Barker, K.' M., and A. R. 0. Chapman. 1990. Feeding preferences of periwinkles among four 
species of Fucus. Marine Biology 106: 113-118. 

Benedetti-Cecche, L., and F. Cinelli. 1992. Effects of canopy cover, herbivores and substratum 
cype on:pattems of Cystoseira spp. settlement and· recruitment in littoralrockpools. 
Marine;Ecology Progress Series 90: 183-:.191, 

Brawley,S. H .. 1990. Polyspermy blocks in fucoid algae and the occurrence of polyspermy in 
nature. :Mechanism of Fertilization: Plants to Humans, editor B. Dale, 420-43 L Berlin; 
N.Y.: Springer~Verlag. 

Brawley, S. H.; artd L. E. Johnson. 1991. Survival of fucoid embryos in the intertidal zone 
· depen¢; upon developmental stage and microhabitat. Journal of Phycology, 27: 179-186. 

Brawley, S. H., and L. E. Johnson. 1992. Gametogenesis, gametes and zygotes: an ecological 
perspective on sexual reproduction in the algae. British Phycological Journal, 27: 233-
252. 

Brawley,:s. H., and L. E. Johnson. 1993. Predicting desiccation stress in microscopic organisms: 
the use· of agarose beads to ·determine evaporation within and between intertidal 
microhabitats. Journal of Phycology, 29: 528-535. 

Broman, D., B. Ganning, and C. Lindblad. ·1983. Effects of high pressure, hot water shore 
cleaning after oil spills on shore ecosystems in the Northern Baltic proper. Marine 
Environmental Research 10: 173-187. 

Chapman, A.R. 0. 1986. Population artd community ecology of seaweeds. Advances in Marine 
Biology 23: 1-161. 

Chapinan, A. R. 0. 1990. Effects of grazing, canopy cover and substratum type on the 
abundances of common species ofseaweeds inhabiting littoral fringe tide·pools. Botanica 
Marina. 33: 319-326. 

2-28 



Chapman, A. R. 0. 1995. Functional ecology offucold algae: twenty-three years of progress. 
Phycologia 34: 1-32. · 

Chapman, A. R.-'0., and C. R. Johnson. 1990. Disturbance and organization ofmacroalgal 
assemblages in the northwest Atlantic. Hydrobiologia 192: 77-121 .. 

Connell, J. H. 1985. The consequences of variation in initial settlement vs. post settlement 
mortality in rocky .in~ertidal communities . .Journal of Experimental Marine Biology-and 
Ecology 93: 11-45. ·. 

Coon, D. A., M. Neushul, and A. C. Charters. 1972. The settling behavior of marine algal spores. 
Proceedings of the Seventh International Seaweed Symposium, 23T·242. 

Crothers, J. H. 1983. Field experiments on the effects of crude oil and dispersant on the ·common 
animals and plants of rocky sea shores. Marine Environmental Research 8: 215-239. 

Dayton, P. K. 1971. Competition, disturbance, and community organization: the provision and 
subsequent utilization of space in a rocky intertidal community. Ecological Monographs 
4: 351-389. 

Dayton, P. K. 1973. Dispersion, dispersal, and persistence of the annual-intertidal alga, Postelsia 
palmaeformis Ruprecht. Ecology 54: 433-438. 

De Vogelaere, A. 'P., and M.S. Foster. 1994. Damage and recovery in intertidal Fucus gardneri 
assemblages following the 'Exxon Valdez' oil spill. Marine Ecology Progress Series 106: 
263-271. 

Dethier, M. N., E. S. Graham, S. Cohen, and L. M. Tear. 1993. Visual versus random-point 
percent cover estimations: 'objective' is not always better. Marine Ecology Progress 
Series 96: 93-100. 

Deysher, L., and T. A. Norton. 1982. Dispersal and colonization in Sargassum muticum (Yendo) 
Fensholt. Journal of Experimental Marine Biology Ecology 56: 179-195. 

Edelstein, T., and J. McLachlan. 1975. Autecology of Fucus distichus ssp. distichus 
(Phaeophyceae: Fucales) in Nova Scotia. Marine Biology 30: 305-324. 

Farrell, T. M. 1991. Model and mechanisms of succession: an example from a rocky intertidal 
community. Ecological Monographs 61: 95-113. 

Floc'h, J. Y., and M. Diouris. 1980. Initial effects of Amoco Cadiz oil on intertidal algae. Ambia 
9: 284-286. -

Foster, M. S., J. A. Tarpley, and S. L. Dearn. 1990. To clean or not to clean: the rationale, 
methods, and consequences of removing oil from temperate shores. The Northwest 
Environmental Journal6: 105-120. · · 

2-29 



Hartnoll, R. G., and S. J. Hawkins. 1985. Patchiness and fluctuations on moderately exposed 
rocky shores. Ophelia 24: 53-63. 

Highsmith, R. C., T. L. Rucker, M.S. Stekoll, S.M. Saupe, M. R. Lindeberg, R. Jenne, and W. 
P. Erick~on. 1996. Impact of the Exxon Valdez oil spill on intertidal biota. Exxon Valdez 
Oil Spill Symposium Proceedings, editors S.D. Rice, R. B. Spies, D. A. Wolfe, and B. A. 
Wright, American Fisheries Society Symposium 18: 212-237. 

Houghton, J. P., D. C. Lees, W. B. Driskell, S.C. Lin.dstrom, and A. J. Me~rns. 1996. Recovery 
of Prince William Sound intertidal epibiotaJrom the Exxon Valdez oiling and shorline 
treatments 1989-1992. Exxon 'Valdez Oil Spill Symposium Proceedings, editors S.D. 
Rice, R.· B. Spies, D, A. Wolf~, and B. A. Wright, American Fisheries Society 
Symposium 18: 379-411. 

Jernakoff, P. 1983. F~;tctors affecting the recruitment of algae in a midshore region dominated by 
barnacles. Journal of Experimental Marine Biology and Ecology 67: 17-31. 

Jernakoff, P. 1985. An experimental evaluation ofthe1influence ofbarnacles, crevices and 
seasonal patterns of grazing on algal diversity and cover in an intertidal barnacle zone. 
Journal of Experimental Marine Biology and Ecology 88: 287-302. 

John, D. M .. 1974. New records of Ascophyllum nodosum (1.) Le Jol. from the warmer parts of 
the Atlantic ocean. Journal ofPhycology 10: 243-244. 

Kendrick, G. A., and D. I. Walker. 1991. Dispersal distances for propagules of Sargassum 
spinuligerum (Sargassaceae, Pheaophyta) measured directly by vital staining and venturi 
suction sampling .. Marine Ecology Progress Series 79: 133-138. 

Kendziorek, M.,.~nd M.S. Stekoll. 1984. Intraspecific competition and the management of the 
Bristol Bay herring-ro~-on-kelp fishery. Hydrobiologia 116-117: 333-337. 

Keser, M., and B. R. Larson. 1984. Colonization and growth dynamics of three species of Fucus. 
M(lrine Ecology Progr.ess Series 15: 125-134. 

Krebs, C. J. 1989. Ecological Methodology. Harper and Row, New York, 654pp. 

Lees, D. C., J.P. Houghton, and W. B. Driskell. 1996. Short-term effects of several types of 
shoreline treatment on rocky intertidal biota in Prince William Sound. Exxon Valdez Oil 
Spill Symposium Proceedings, editors S.D. Rice, R. B. Spies, D. A. Wolfe, and B. A. 
Wright, American Fisheries Society Symposium 18: 329-348. 

Lubchenco, J.l978. Plant species diversity in a marine intertidal community: importance of 
herbivore food preference and algal competitive abilities. The American Naturalist 112: 
23-39. 

Lubchenco, J. 1983. Littorina and Fucus: effects of herbivores, substratum heterogeneity, and 
plant escapes during succession. Ecology 64: 1116-1123. 

2-30 



Lubchenco, J. 1986. Relative importance of competition and predation: early colonization by 
seaweeds in New England. Community Ecology; editors J. Diamond, and T.J. Case, 537-
555. New York: Harper and Row Publishers, Inc. 

Mathieson, A. C., J. W. Shipman, J. R. O'Shea, and R. C. Hasevlat. 1976. Seasonal growth and 
reproduction of estuarine fucoid algae in New England. Journal of Experimental Marine 
Biology and Ecology 25: 273-284. 

McConnaughey, J. 1985. The growth and regeneration ofthe rockweed Fucus distichus in 
Bristol Bay. Ph.D. diss., University of Alaska, Juneau. 

McCook, L. J., and A. R. 0. Chapman. 1991. Community succession following massive ice­
scour on an exposed rocky shore: effects of Fucus canopy algae and of mussels during 
late succession. Journal of Experimental Marine Biology and Ecology 154: 137-169. 

McCook, L. J., and A. R. 0. Chapman. 1993. Community succession following massive ice­
scour on an exposed rocky shore: recruitment, competition and predation during early, 
primary succession. Marine Biology 115: 565-575. 

Menge, B. A. 1976. Organization of the New England rocky intertidal community: the role of 
predation, competition and environmental heterogeneity. Ecological Monographs 46: 
355-393. ' 

Muller, D. G., and G. Gassmann. 1985. Sexual reproduction and the role of sperm attractants in 
monoecious species of the algae Order Fucales (Fucus, Hesperophycus, Pelvetia, and 
Pelvetiopsis). Journal of Plant Physiology 118: 401-408. 

Nelson, W. G. 1982. Experimental studies of oil pollution on the rocky intertidal community of a 
Norwegian fjord. Journal of Experimental Marine Biology and Ecology 65: 121-138. 

Niemeck, R. A., and A. C. Mathieson. 1976. An ecological study of Fucus spiralis L. Journal of 
Experimental Marine Biology and Ecology 24: 33-48. 

Noerager, J. A., and R. H. Goodman. 1991. Oil tracking, containment, and recovery during the 
Exxon Valdez response. Proceedings, 1991 Internation'a1 Oil Spill Conferen·ce:· 
Prevention, Behavior, Control, Cleanup, 193-203 Washington, D. C.: American 
Petroleum Institute. 

Norton, T. A. 1977a. Ecological experiments with Sargassum muticum. Journal of the Marine 
Biological Association of the United Kingdom 57: 33-43, 

Norton, T. A. 1977b. The growth and development of Sargassum muticum (Yendo) Fensholt. 
Journal of Experimental Marine Biology and Ecology 26: 41-53. 

Norton, T. A. 1992. Dispersal by macroalgae. British Phycological Journal27: 293-301. 

2-31 



Norton, T. A., and R. Fetter. 1981. The se~lement ofSargassum muticum propagules in 
stationary and flowing water. Journal of the Marine Biological Association of the United 
Kingdom 61: 929-940. 

Norton, T. A., and A. C. Mathieson. 1983. The biology of unattached seaweeds. Progress in 
Phycological Research 2: 333-386. , , 

Okuda, T., and M. Neushul. 1981. Sedimentation studies of red algal spores. Journal of 
Phycology 17: 113-118. 

Paine, R. T. 1979. Disaster, catastrophe, and local persistence of the sea palm Postelsia 
palmaefon:nis. Science 205: 685-687. 

Paine, R. T .. l988,- Ha~itat suitability and local population persiste11ce of the sea palm Postelsia 
palmaeformis. Ecology 69: 1787-1794. 

Paine, R. T., and~~ A. Levin. 1981. Intertidal landscapes: disturbance and the dynamics of 
pattern. Ecological Monographs 51: 145-178. 

Pollock, E. G. 1970. Fertilization in Fucus. Planta 92: 85-99. 

Reed, D. C., D. R. Laur, and A. W. Ebeling. 1988. Variation in algal dispersal and recruitment: 
the importance of episodic events. Ecological Monographs 58: 321-335. 

Rolan, R. G., and R. Gallagher. 1991. Recovery of the intertidal biotic communities at Sullom 
Voe following the Esso Bernicia oil spill of 1978. Proceedings of the 1991 International 
Oil Spill Conference., 461-465. 

Russell, G .. 1967 .. The ecology of some free-living ectocarpaceae. Helgol. Wiss. Meeresunters 
15: 155-162. 

Schonbeck, M., and T. A. Norton. 1978. Factors controlling the upper limits offucoid algae on 
the shore. JounJJll of Experimental Marine Biology and Ecology 31: 303-313. 

Schonbeck,.M., and T. A. Norton. 1979. The effects ofbriefperiodic submergence on intertidal 
fucoid algae. Estuarine imd Coastal Marine Science 8: 205-211. 

Sideman, E.l, and A. C. Mathieson. 1983. The growth, reproductive phenology, and longevity 
. of non-tide-pool Fucus distichus (L.) Powell. in New England. Journal of Experimental 
Marine Biology and ~cology 68: 111-:127. 

Sousa, W. P. 1979. Experimental investigations of disturbance and ecological succession in a 
rocky intertidal algal comm~nity. Ecological Monographs 49: 227-254. 

Sousa, W. P. 1984. Intertidal mosaics: patch size, propagule .availability, and spatially variable 
patterns of succession. Ecology 65: 1918-1935. 

2-32 



Southward, A. J., and E. C. Southw&rd. '1978. Recolonization of rocky shores in Cornwall after 
use of toxic dispersants to clean up the Torrey Canyon spill. Journal of the Fisheries 
Research Board of Canada 35: 682-706. 

Stebbings, R. E. 1970. Recovery of salt marsh in Brittany sixteen months after heavy pollution 
by oil. Environmental Pollution 1: 163-167. · 

Steele, R. L. 1977. Effects of certain petroleum products on reproduction and growth of zygotes 
and juvenile stages of the alga Fucus edentatus De La Pyl. (Phaeophyceae: Fucales ). 
Fates and Effects of Petroleum Hydrocarbons in Marine Organisms and Ecosystems, 
editor D. A. Wolfe, 138-142. New York: Pergamon Press. 

Stekoll, M.S., L. Deysher, R. C. Highsmith, S.M. Saupe, Z Guo, W. P. Erickson, L. McDonald, 
and D. Strickland. 1996. Coastal Habitat Injury Assessment: Intertidal Communities and 
the Exxon Valdez Oil Spill. Exxon Valdez Oil Spill Symposium Proceedings, editors S.D. 
Rice, R. B. Spies, D. A. Wolfe, and B. A. Wright, American Fisheries Society 
Symposium 18: 177-192. 

Thorn, R. M. 1983. Spatial and temporal patterns of Fucus distichus ssp. edentatus (De La Pyl.) 
Pow. (Phaeophyceae: Fucales) in central Puget Sound. Botanica Marina 26: 471-486. 

Thomas, M. L. H. 1973. Effects of bunker C oil on intertidal and lagoonal biota in Chedabucto 
Bay, Nova Scotia. Journal ofthe Fisheries Research Board of Canada 30: 83-90. 

Thomas, M. L. H. 1977. Long term biological effects of bunker C oil in the intertidal zone. 
Fates and Effects of Petroleum Hydrocarbons in Marine Organisms and Ecosystems, 
editor D. A. Wolfe, 238-245. New York: Pergamon Press. 

Thomas, M. L. H. 1978. Comparison of oiled and unoiled intertidal communities in Chedabucto 
Bay, Nova Scotia. Journal of the Fisheries Research Board of Canada 35:707-716. 

Vadas, R. L., S. Johnson, and T. A. Norton. 1992. Recruitment and mortality of early post­
settlement stages ofbenthic algae. British Phycological Journa/27: 331-351. 

van den Hoek, C. 1987. The possible significance of long-range dispersal for the biogeography 
of seaweeds. Helgolander Meeresunters. 41: 261-272. 

van Tamelen, P. G., and M.S. Stekoll. 1995. Recovery mechanisms of the brown alga, Fucus 
gardneri, following catastrophic disturbance: lessons from the Exxon Valdez oil spill. 
Proceedings of the Third Glacier Bay Science Symposium, 1993, editor D. R. Engstrom, 
221-227. Anchorage, Alaska: National Park Service. 

van Tamelen, P. G., and M.S. Stekoll. 1996. Population response of the brown alga, Fucus 
gardneri, and other algae in Herring Bay, Prince William Sound, to the Exxon Valdez oil 
spill. Exxon Valdez Oil Spill Symposium Proceedings, editors S.D. Rice, R. B. Spies, D. 
A. Wolfe, and B. A. Wright, American Fisheries Society Symposium 18: 193-211. 

2-33 



Vandermeulen, H., and R. .E. DeWreede~ 1986. The phenology, mortality, dispersal and canopy 
spe~ies interaction of Colpomenia peregrina (Sauv.) Hamel in British Columbia. Journal 
of Experimental Marine Biology and Ecology 99: 31-4 7 .. 

Vreeland, V., E. Grotkopp, S. Espinosa, D. Quiroz, W. M. Laetsch, and J. West. 1993. The 
pattern of cell wall adhesive formation by Fucus zygotes. XIV International Seaweed 
Symposium 260: 485-491. 

Yates, J. L., and P. J;leckol. ·. 1993. Effects of n"Qtrient availability and herbivory on polyphenolics 
. in the seaweed Fucus vesiculosus. Ecology 74: 1757-1766. -

2-34 



Table 2.1. List of studies and the sites used for each study. Site locations in Herring Bay are 
. given in Fig. 2.1. All sites are sheltered rocky habitats except 2333C/2333X and 2834C/2834X 

which are coarse-textured sites. 
Study Control Sites Oiled Sites 

Population Dynamics 1231C 1231X 

1732C 1732X 

3811C 3611X 

2333C 2333X 

2834C 2834X 

High Zone Population Dynamics 1231C 1231X 

1411C 1311X 

1852C 1852X 

Egg Settlement All Years 1221C 1221X 

1222C 1322X 

1991 1231C 1231X 

1723C 1723X 

1992 1312C 1312X 

1411C 1311X 

1993 1732C 1732X 

171~C 1713X 

1994 3C 3X 

4C 4X 

1995 5C 5X 

6C 6X 

Recruitment Tiles 1251C 1251X 

1411C 1311X 

1713C 1713X 

Growth and Mortality 1221C 1221X 

1723C 1723X 

Substrate Use SUBlC SUB IX 

SUB2C SUB2X 

SUB3C SUB3X 
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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 and egg viability study in 1991. Asterisks indicate a statistical difference 
{:Q<0.052 between oiled and control sites. 

Number of Plants Collected at Sheltered Rocky Sites (N=3} 

MVD Oiling June July Augyst 

1 Control 8.0 (2.0) 11.3 (0.3)* 11.3 (0.~)* 

Oiled 4.0 (2.5) 2.7 (0.7) 2.7 (1.2) 

2 Control 11.7 (0.3) 11.7 (0.3) 9.7 (0.9) 

Oiled 5.7 (2.9) 5.0 (2.5) 3.7 < ' (1.7) 

3 Control 9.3 (0.3) 10.0 (1.5) 6.7 (0.7)* 

Oiled 8.0 (1.5) 6.3 (0.9) 3.0 (1.2) 

Wet Weight ofRecentacle (g) •, :j' 

1 Control· 0.34 (0.06) 0.63 (0.09) o:83 :. '(0:09) 
' 

Oiled 0.33 (0.13) 0.70 (0.20) 0.79 I (0~10) I 

2 Control 0.36 (0.05) 0.99 (0.11) 0:96 •. (0.13)* 

Oiled 0.41 (0.07) 0.61 (0.17) 038 (0.08) 

3 Control 0.54 (0.08) 1.02 (0.14)* 1.02 (0.17) 

Oiled 0.43 (0.05) 0.59 (0.08) 0.54 (0.21) 

Number of Eggs Released Qer ReceQtacle 

1 Control 1202.88 (1182.11) 1292.24 (1169.87)* 2761.82 (1047.51) 

Oiled 36.60 (25.34) 286.17 (134.89) 331.09 (256.28) 

2 Control 235.02 (134.82)* 2775.72 (1239.04) 1178.16 (775.85) 

Oiled 2494.44 (1375.55) 703.66 (570.41) 591.69 '(442.48) 

3 Control 293.30 (88.18) 380.67 (121.52) 137.76 (29.70) 

Oiled 1420.00 (719.60) 892.48 (272.33) 72.47 '(33.65) 

· Percent of Released Eggs That Were Viable 

1 Control 15.9 (6.7) 42.9 (8.5) 100.0 . (0.0) 

Oiled 10.6 (8.3) 36.9 (17.1) 100.0 (0.0) 

2 Control 18.1 (6.3)* 51.3 (7.7)* 100.0 (0.0) 

Oiled 42.0 (10.0) 22.6 (9.9) 100.0 (0.0) 

3 Control 33.4 (7.3)* 28.9 (7.7) 100.0 (0.0) 

Oiled 67.8 (7.6) 21.4 (6.1) 100.0 (0.0) 
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Table 2.3. Results of ANOVAs comparing the number and survival of Fucus germlings and barnacles in different groove widths and 
depths. The test were blocked by tiles, and in all cases blocking explained significant amounts of variation, reducing the effects of 
between tile variation due to differences in germling density. The degrees of freedom (df), F ratios (F), mean square error (MSE), and 
p values (p) are given for each variable tested. The F/MSE column contains F ratios for all tested terms and the mean square error 
term in the last row of the column. The information provided is sufficient to reconstruct a regular ANOV A table. Data can be seen in 
Fi , 2.24. 

Initial Number 1992 Survival' 1993 Survival 1993 Barnacles 1994 Barnacles 

Source df F/MSE ---l! df F/MSE ---l! df F/MSE ---l! J!f F/MSE ---l! J!f F/MSE ---l! 

Tile 23 2.264 <0.001 23 16.620 <0.001 23 9.328 <0.001 46 1.842 0.002 46 2.793 <0.001 

Depth(D) 0.175 0.676 1.854 0.176 6.030 0.016 0.039 0.844 3.019 0.084 

Width(W) 2 21.034 <0.001 2 7.841 0.001 2 6.214 0.003 2 16.897 <0.001 2 4.358 0.014 

DxW 2 2.013 0.138 2 4.047 0.020 2 0.318 0.728 2 0.023 0,977 2 0.538 0.584 

Error 115 0.430 ll5 3.342 115 4.385 230 5.416 230 9.096 

'Indicates that the test violated the assumption of homogeneity of variances. 
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Table 2.4. Results of ANOVAs comparing the number of Fucus microrecruits and recruits visible with the unaided eye in different 
groove widths and depths. The test were blocked by tiles, and in all cases blocking explained significant amounts of variation, 
reducing the effects of between tile variation due to treatments imposed upon whole tiles. The formatofthe table is the same as in 
Table 2.3. Data can be seen in Fig. 2.25. 

1992 Microrecruits 1993 Microrecruits' 1993 Recruits Mav 1994 Recruits' August 1994 Recruits' 

Source df FIMSE .....l! J!f FIMSE --1! J!f FIMSE .....l! J!f F/MSE .....l! J!f FIMSE .....l! 

Tile 23 I 1.724 <0.001 23 14.090 <0.001 46 3.780 <0.001 46 3.701 <0.001 46 2.127 <0.001 

Depth(D) 0.148 0.701 1.662 0.200 5.280 0.022 8.968 0.003 15.630 <0.001 

Width(W) 2 1.139 0.324 2 8.638 <0.001 2 2.432 0.090 2 5.979 0.003 2 10.073 <0.001 

DxW 2 0.110 0.896 2 0.472 0.625 2 1.069 0.342 2 0.410 0.664 2 1.636 0.197 

Error 115 6.027 112 5.285 230 3.171 230 5.287 230 5.017 

1Indicates that the test violated the assumption of homogeneity of variances. 
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Table 2.5. Results of ANOV As comparing the survival of seeded Fucus germlings and the number of recruits on tiles for the 
experiment testing canopy (canopy), oiling (oil), and tidal level (level). The tests were blocked by the three pairs of sites (pair) where 
the ex2eriment was conducted. The format of the table is the same as in Table 2.3. Data can be seen in Fig. 2.26. 

1992 Survival 1993 Survival 1993 Recruits May 1994 Recruits August 1994 Recruits 

Source .!If F/MSE _J! df F/MSE _J! .!If F/MSE _J! .!If F/MSE _J! .!If F/MSE _J! 

Pair 2 8.720 0.003 2 1.793 0.203 2 0.006 0.376 2 0.093 0.911 2 0.795 0.459 

Oii(O) 7.404 0.017 0.151 0.704 5.423 0.025 0.513 0.478 0.423 0.520 

Level(L) 0.504 0.489 1.097 0.313 1.339 0.255 2.341 0.135 0.403 0.529 

Canopy( C) 10.509 0.006 0.029 0.867 8.736 0.005 0.076 0.784 0.127 0.723 

OxL 0.276 0.607 0.064 0.803 3.958 0.054 0.263 0.611 0.019 0.891 

OxC 0.129 0.725 0.156 0.699 0.010 0.921 0.953 0.335 0.069 0.794 

LxC 0.670 0.427 0.025 0.877 0.080 0.779 0.068 0.796 0.882 0.354 

OxLxC 0.553 0.469 1.560 0.232 2.524 0.121 6.205 0.017 3.193 0.082 

Error 14 4.598 14 63.417 37 8.451 37 16.099 37 14.382 
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Table 2.6. Tile temperatures at oiled and unoiled sites and with and without Fucus canopy. A 
three way ANOVA with oil, tidal level, and canopy yielded significant effects of both oil and 
canopy treatments; there was no effect of tidal height and no significant interactions. Numbers 
in parentheses are standard errors. 

Unoiled 

Oiled 

+Canopy 

20.55 (1.64) 

23.34 (1.63) 

-Canopy 

25.02 (2.18) 

28.35 (2.49) 

2-40 



---------------

Table 2. 7.- Results of ANOV.As -comparing~ the-survival ·of seeded Fucus germlings and the number of recruits on tiles for the 
experimenftesting caging (cage), oiling (oil), and tidal level (level). The tests were blocked by the three pairs of sites (pair) where the-
exQeriment was conducted. The format of the table is the same as in Table 2.3.· Data can be seen in Figs. 2.27 and 2.28A. 

1992 1993 1993 May 1994 August 1994 
Survival Survival Recruits Recruits Recruits 

Source df F/MS ~ F/MS ~ F/MSE ~ F/MSE ~ F/MSE ~ 
E E 

Pair 2 1.773 0.193 8.797 0.002 0.518 0.603 1.572 0.230 1.600 0.225 

Oil (0) 1 3.424 0.078 0.295 0.593 1.719 0.203 8.130 0.722 2.105 0.161 

Level(L) 1 1.048 0.317 1.675 0.209 0.001 0.970 0.043 0.837 . 1.279 0.270 

Cage( C) 2 3.061 0.067 3.309 0.055 5.791 0.010 2.397 0.114 4.121 0.030 

OxL 1 0.263 0.613 0.043 0.837 2.621 0.120 0.004 0.952 0.072 0.791 

OxC 2 0.443 0.648 0.246 0.784 0.225 0.800 0.069 0.934 1.041 0.370 

LxC 2 5.373 0.013 1.813 0.187 1.081 0.357 0.194 0.825 1.991 0.160 

OxLxC 2 0.234 0.793 0.101 0.904 0.579 0.569 0.376-- 0.691 3.745 0.040 

Error 22 3.517 2.891 1603.5 2974.3 2006.7 
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Table 2.8. Results of ANOV As comparing the sizes of Fucus germlings on tiles for the 
experiment testing caging (cage), oiling (oil), and tidal level (level). The tests were blocked by 
the three pairs of sites (pair) where the experiment was conducted. The format of the table is the 
same as in Table 2.3. Tidal level was omitted as a factor in July 1993·since most tiles in the high 
zone were lacking germlings. Data can be seen in Fig. 2.28B. 

. July 1993 May 1994 August 1994 

Source df F/MSE _Q df F/MSE _Q df F/MSE J 

Pair 2 0.630 0.542 2 0.234 0.794 2 0.788. 0.469 

Oil (0) 1 0.296 0.592 1 0.007 0.933 1 :o.008 0.930 

Level(L) 1 0.653 0.429 1 '0.986 0.333 

Cage( C) 2 3.864 0.037 2 6.434 0.008 2 7.388 0.004 

OxL 1 1.748 0.203 1 2.4Q6 •0.131 
' 

OxC 2 0.239 0.789 2 0.029 0.971 2 0.046 l0.955. 

LxC 2 1.669 0.216 2 ~.165 '0.065 

OxLxC 2 1.120 0.348 2 1.458 0.258 

Error 21 . 44.490 18 87.223 18 112.33 
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Table 2.9. The mean (±SE) yearly net growth rates of three sizes of Fucus-plants. Dashes indicate either that one plant (in parentheses) or no plants 
were Eresent. Asterisks indicate a significant difference between control !\Tid oiled values. 

Net Growth ] 221-1222 1222-l 223 1223-l 224 
MVD COJJtml Oiled Control Oiled Control Oiled 

2-4.5cm I 0.036 (0.008)* 0.120 (0.020) 0.068 ( - ) 0.126 ( - ) 0.038 (O.DII) 0.075 (0.003) 

2 0;098 (0.022) 0.105 (0.036) 0.088 (0.030) 0.059 (0.015) 0.051 (0.017) 

3 0.091 (0.021) 0.083 (0.018) 0.049 ( - ) 0.047 (0.015) 0.160 (0.062) 

5-9.5cm 0.084 (0.012)* 0.151 .(0.024) 0.015 (0.047) 0.126 (0.018) 0.121 (0.029) 0.111 (0.022) 

2 0.118 (0.025) 0.137 (0.014) 0.120 (0.023) 0.198 (0.087) 0.123 (0.034;) 0.098 ( - ) 

3 0.146 (0.031) 0.147 (0.015) 0.097 (0.097) 0.110 (0.062) 0.080 (0.017) 0.125 (0.029) 

>lOcm 0.097 (0.013) 0.105 (0.058) 0.063 (0.053) 0.143 (0.026) 0.029 (0.029) 0.080 (0.041) 

2 0.145 (0.039) 0.200 ( - ) 0.135 (0.036) 0.170 (0.020) 0.130 (0.034) 0.110 (0.016) 

3 0121 ' - ~ 0100 ,o 009~ 0136 ,o 061~ 0193 ,o 043~ 0 216 ,o 023~ 0108 ~032~ 
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Table 2.10. Growth rates (cm/wk) Fucus plants at 1, 2, and 3 MVDs averaged over all size classes at control (C) and oiled (0) sites in 
Herring Bay from summer 1991 to summer 1993. Asterisks indicate significant differences from the other two numbers in that 
column based on the results ofTukeis :QOSt-hoc tests. 

Summer 1991 Winter 1991 Summer 1992 Winter 1992 Summer 1993 

MVD ~ _Q ~ _Q ~ _Q ~ _Q ~ _Q 

1 0.16 0.21 0.06* 0.13 0.24 0.42 0.07* 0.12 0.09* 0.21 

2 0.19 0.21 0.10 0.13 0.32 0.35 0.13 0.11 0.21 0.11 

3 0.20 0.20 0.16 0.10 0.35 0.32 0.11 0.13 0.16 0.20 
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Table 2.11. Results from regressions of percent change in Fucus length vs. initial plant length for each sampling period. Number of 
sam~les {n}, sloee of the regression lin,e, r, and the ~-value{~} are given for control sites and oiled sites. 

Absolute Growth Proportional Growth 

Control Sites _N Slope r _p Slope ___i _p 

Summer 1991 77 0.006 0.239 0.000 -1.188 0.228 0.000 

Winter 1991 61 0.001 0.014 0.364 -2.076 0.176 0.001 

· Summer 1992 55 -0.001 0.001 0.793 -0.999 0.168 0.002 

Winter 1992 74 0.002 0.030 0.138 -3.078 0.191 0.000 

Summer 1993 84 0.003 0.012 0.328 -0.553 0.042 0.061 

Winter 1993 69 0.006 0.456 0.000 -1.163 0.097 0.009 

Summer 1994 44 0.002 0.217 0.001 -0.631 0.227 0.001 

Oiled Sites 

Summer 1991 79 -0.005 0.033 0.108 -2.945 0.504 0.000 

Winter 1991 64 0.004 0.054 0.044 -2.567 0.098 0.012 

Summer 1992 59 -0.003 0.003 0.693 -1.073 0.105 0.012 

Winter 1992 81 0.002 0.044 0.060 -4.845 0.304 0.000 

Summer 1993 81 0.001 0.000 0.864 -1.958 0.059 . 0.029 

Winter 1993 49 -0.001 0.010 0.505 -2.798 0.286 0.000 

Summer 1994 18 0.003 0.449 0.002 -0.795 0.158 0.102 
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Table 2.12. Mortality (%/week) of small (2.0-4.5 em), medium (5.0-10.0 em), and large (>10 
em) Fucus plants averaged over all 3 MVDs arid of Fucus plants at 1, 2, and 3 MVDs averaged 
over all size classes at control· and oiled sites in Herring Bay from summer 1991 to summer 1993. 
Averages for summer and winter are also given. 

Control Oiled 

Size (em) Mean S.E. Mean S.E. 

2.0-4.5 2.11 0.65 2.35 :0.64; 

5.0-9.5 1.78 0.35 2.07 0.68 

>10.0 1.59 0.24 2.11 0.97 

MVD 

1 2.06 0.42 1.79 0.60 

2 1.70 0.27 2.55 0.60 

3 1.29 0.28 2.07 0.49 

Summer 2.24 0.15 2.91 0.53 

Winter 099 0 09 1 16 0 21 
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Table 2.13. Two-way ANOVA results from 1994 comparing the selectivity indices of Fucus for the three substrate types. Size and oil 
were the factors in the ANOV A, and Pair was used as a blocking factor. The F and p values are given for all tested effects. The mean 
square error term is also given as the last value in the F/MSE column so that the regular ANOV A table can be reconstructed. Data are 
presented in Fig. 2.36. 

Source df 

Pair 2 

Size (S) 2 

Oil(O) 1 

S*O 2 

Smooth Rock 

F/MSE ---lL 

18.888 <0.001 

33.598 <0.001 

0.021 0.885 

1.442 0.239 

Crevice1 

F/MSE 

7.963 

3.148 

9.382 

1.060 

---lL 

<0.001 

0.046 

0.003 

0.349 

Barnacle1 

F/MSE 

3.922 

43.267 

4.452 

0.562 

Error 166 0.125 0.347 0.277 
1Indicates that the test violated the assumption of homogeneity ofvariances 
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0.022 

<0.001 

0.036 

0.571 



Table 2.14. Three-way ANOVA results from 1995 comparing selectivity indices.of Fucus for 
the two substrate types. The F and p values are given for all tested effects. The mean square 
error term is also givep. as the last value in the F/MSE column so that the regular ANOV A table 
can be reconstructed. Data are presented in Fig. 2.35. 

Rock Bamacle1 

Source df F/MSE --12 F/MSE -12 

Exposure(£) 1 5.766 0.018 1.508 0.222 

Level(L) 1 0.811 0.370 0.356 0.552 

Size(S) 2 39.045 <0.001 25.214 <0.001 

E*L 1 0.143 0.706 0.394 0.532 

E*S 2 5.357 0.006 3.740 0.027 

L*S 2 0.582 0.560 2.185 0.118 

E*L*S 2 0.749 0.475 0.502 0.607 

Error 105 0.182 0.261 
1Indicates that the test violated the assumption of homogeneity of variances 

2-48 



N 

Unoiled Shoreline 

Oiled Shoreline 

Figure 2.1. Map of Herring Bay showing the location of study sites used in studies described in 
Chapter 2. Experiments performed at each site are given in Table 2.1. 
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Figure 2.2. Schematic diagram of an acrylic Fucus egg catcher plate. 
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Figure 2.3. Schematic diagram of a ceramicFucus recruitment tile and the Vexar cage used to 
manipulate herbivores. To control for cage effects cable ties were left off one end of the V exar 
cage so that the cage was open to herbivores. 
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Figure 2.4. Mean number(± SE) ofgermling (0-2.0 em), small (2.0-5.0 em), medium (5.5-10 
em), and large (>10 em) Fucus plants in the first MVD at sheltered rocky sites in Herring Bay, 
Prince William Sound. Symbols above lines indicate that oiled (filled circles) or control (open 
circles) sites are significantly greater on the indicated sampling date. Y -axis scales may be 
different 
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Figure 2.5. Mean number(± SE) of Fucus plants in four size classes in the second MVD at 
sheltered rocky sites. Layout is the same as those in Figure 2A. 
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Figure 2.6. Mean number(± SE) of Fucus plants in·four size classes in the third MVD at 
sheltered rocky sites. Layout is the same as those in Figure 2.4. 
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Figure 2. 7. Mean number (± SE) of reproductive Fucus plants per quadrat at three tidal levels at 
sheltered rocky sites. Symbols and lines are the same as those in Figure 2.4. 
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Figure 2.8. Mean number(± SE) of Fucus receptacles per quadrat at three tidal levels at 
sheltered rocky sites. Symbols and lines are the same as those in Figilre 2.4. · 
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Figure 2.9. Mean percent cover(± SE) of Fucus at three tidal levels at sheltered rocky sites. 
Symbols and lines are the same as those in Figure 2. 4. 
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Figure 2.10. Mean percent cover (± SE) of ephemeral algae at three tidal levels at sheltered rocky 
sites. Symbols and lines are the same as those in Figure 2.4. 
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Figure 2.11. Mean number (± SE) of Fucus plants in four size classes at the third MVD at coarse 
textured sites. Symbols and lines are the same as those in Figure 2.4. 
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Figure 2.12. Mean number (± SE) of reproductive Fucus plants per quadrat, receptacles per 
quadrat, and percent cover of Fucus and ephemeral algae at the third MVD at course textured 
sites. Symbols and lines are the same as those in Figure 2.4. 
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Figure 2.13. The average length for all reproductive Fucus plants at all five site pairs sampled. 
Layout is the same as Figure 2.4. 
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Figure 2.14. The average number of receptacles per reproductive Fucus plant at all five site pairs 
sampled. Layout is the same as Figure 2.4. 
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Figure 2.15. Abundances.(± SE) ofvarious organisms in the very high zone (0.0-0.5 MVD) at 
three pairs of control and· oiled sites which vary in their solar aspect. Asterisks indicate statistical 
differences (*=p<0.05, **=p<0.01, ***=p<O.OOl for site pairs). Solar aspect is given by degrees 
from north so that a south facing shore would have a value of 180 and east or west shores would 
each have a value of 90. 
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Figure 2.16. Mean (± SE) number of Fucus eggs released, temperature, ·and desiccation rate for 
sun and shade treatments. ANOV A results are given to the right of each graph. The F/MSE 
column ·contains the MS value for Error and the F ratios for ·all other sources. 
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Figure 2.17. The average (± SE) number of Fucus eggs released per receptacle, percent of 
fertilized eggs, and wet weight of receptacles of attached and drifting Fucus for the three· 
sampling dates in 1991. Dates connected by bars are not significantly different (p<0.05). July 
includes attached plants that were collected at the end of June. 
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Figure 2.18. The average (± SE) percent of Fucus eggs settled at different distances and 
directions from source plants. Statistically indistinguishable distances (all directions combined) 
are indicated by the same letter above the bars. 
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Figure 2.19. Mean number(± SE) of Fucus eggs settled per plate per day at three tidal levels. 
Symbols and lines are the same as those in Figure 2.4. 
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Figure 2.20. Mean distance (± SE) to the nearest fertile Fucus plant from settling plates at three 
tidal levels. Symbols and lines are the same as those in Figure 2.4. 
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Figure 2.21. Net water flow versusFucus egg settlement rate in 1994. They-axis is in log scale. 
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Figure 2.22. The relationship between the measured desiccation rate and the estimated percent 
cover of Fucus on petri dishes after being in the field for 11 days. There is a significant regression 
(r2=0.524, df-=22, F=24.178, p<0.001), but the regression line is not shown. The sigmoid curve 
shown was generated by SigmaPlot (Version 5.0) using the curve fitting function. 
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Figure 2.23. The width frequency distribution of cracks in Herring Bay. The proportion oflinear 
length of cracks is given for different crack widths, and the width of the grooves used on the 
ceramic tiles are indicated by the inverted triangles. 
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Fgure 2.24. Initial Fucus seeding density, survival of seed_ed germlings, and recruitment of 
barnacles in grooves of various sizes. Lines above graphs connect statistically indistinguishable 
groove widths. The asterisk and depth symbol indicate that there was a significant effect of depth. 
Error bars represent one st.andard error of the mean. Results of statistical analyses are given in 
Table 2.3. 
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Figure 2.25. The number of Fucus micro- and macrorecruits in grooves of various sizes. 
Microrecruits were counted only on unseeded tiles while macrorecruits included both seeded andx 
unseeded tiles. Layout is the same as in Figure 2.24. Results ofstatistical·analyses are given in 
Table 2.4. 
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Figure 2.26. The percent survival or number of Fucus macrorecruits on tiles at unoiled and oiled 
sites and with and without canopy. Percent survival is given for the August 1992 and June 1993 
dates, and the number of visible recruits is given for the remaining three dates. Letters above a 
sampling date show the significant effects from 3-way ANOV As (Table 2.5). · 
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Figure 2.27. The percent survival of seeded Fucus germlings at two tidal levels and in the 
different caging treatments for two sampling dates. Statistical results are given in Table 2. 7. 
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Figure 2.28. The number and size of Fucus macrorecruits on tiles with different caging 
treatments. Asterisks next to symbols indicate that the treatment was significantly different from 
the other two treatments (p<0.05). Statistical results are given in Tables 2. 7 and 2.8. 
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Figure 2.29. Distance from a random point to the nearestFucus plant in each size class at 1, 2, 
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stars (p<0.001). 
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Figure 2.31. Mean net growth rates of Fucus at 2 MVD for small (2.0-4.5cm), medium (5.0-
lO.Ocm), and large (>lO.Ocm) Fucus plants. Layout is the same as Figure 2.30. 
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Figure 2.32. Mean net growth rates of Fucus at 3 MVD for small (2.0-4.5cm), medium (5.0-
IO.Ocm), and large(> lO.Ocm) Fucus plants. Layout is the same as Figure 2.30. 

2-80 



0.5 

0.4 0 
0 Summer 1994 

--. . f=0..137 ~ 

~ 0.3 0 0 df=22 
E 0 
0 p=0.075 __.. 

0 
.Gl ...... 

<0 0.2 0 0::: 
..c ...... 

0 ~ 
0 0.1 • I-

(9 
Q) 
0> 
<0 0.0 I-
Q) 

> 
<( • Winter 1994-1995 

-0.1 0 r=o.1oo 
df=20 

0 p=0.151 
-0.2 

20 40 60 80 100 120 140 160 180 200 

Dissolution Rate (mg/cm/hr) 

Figure 2.33. Average growth rate of Fucus for each of 18 sites versus net water flow measured 
by dissolution rate of calcium sulfate dissolution cylinders for both summer and winter periods. 
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Figure 2.34. Selectivity indices of Fuqus for three substrate types in 1994 for small ( <2 em), 
medium (2-1 0 em), and large (> 10 em) plants at both control and oiled sites. Error bars represent 
95% confidence intervals. Lines above the graphs connect statistically indistinguishable values for 
plant sizes. Statistical results are given in Table 2.13. 
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Figure 2.35. Selectivity indices of Fucus for two substrate types in 1995 for small (<2 em), 
medium (2-10 em), and large (>10 em) plants at both control and oiled sites. Error bars.represent 
95% confidence intervals. Lines above the graphs connect statistically indistinguishable values for 
plant sizes. Statistical results are given in Table 2.14. 
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Figure 2.36. Mean breaking strength of Fucus attached to rock or either oftwo species of 
barnacle at exposed and protected sites. Error bars represent one standard error of the mean. 
Asterisks indicate that there was a statistical difference among substrate types, and the lines below 
the asterisks connect statistically indistinguishable substrate types when more than two substrates 
are compared. There was no difference between exposed and protected sites. 
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CHAPTER 3. INVERTEBRATE STUDIES 

INTRODUCTION 

The Coastal Habitat Injury Assessment (CHIA) project was designed to determine the effects 
of oil and subsequent cleanup activities on intertidal invertebrates and algae in areas impacted by the 
Exxon Valdez oil spill (Highsmith et al. 1994). The study encompassed the entire spill area, 
including shorelines outside of Prince William Sound, and examined several habitat types. In spring 
1990, afield station was established in Herring Bay, Knight Island in Prince William Sound (Figure 
3.1), with·studies concentrating on coarse textured and sheltered rocky habitat. The Herring Bay 
study was established as a result of aN atural Resource Damage Assessment (NRD A) Management 
Team recommendation to complement the CHIA studies by providing: a research: platform for 
determining rates of recovery and potential factors limiting or enhancjng recovery. This chapter 
presents the results of monitoring and experimental studies on several key invertebrate species. 

The CHIA study found differences between oiled and control sites for the limpet T ectura 
persona, the barnacles Chthamalus dalli,Balanus g landuia and Semibalanl!-s.balanoides, the mussel 
Mytilus trossulus, two species of periwinkle, Littorina sitkana and t. ·scutif,lata, and. oligochaetes 
(Highsmith et al. 1994): Studies of other oil spills in temperate or. subarctic regions have also shown 
reduced densities of invertebrates, particuiarly barnacles and int~rtidal grazers, such as limpets and 
littorines (Southward and Southward 1978, Mann and Clark 197.8). In addition, :qther studies 
following the Exxon Valdez oil spill and cleanup operations showed decreased invertebrate p6pu-

' ' ' 
lations on oiled coarse textured and sheltered rocky shorelines :with varying: rates of recovery seen 
over time (Gilfillairet al. 1995, Houghton et ·aL 1993, DeVogelaere and Foster 1994~.··:: · il' : 

In Herring :Bay, studies were· implemented in 1990 whrch:focu~ed on ·several pt these key 
intertidal invertebrate species. A population dynamics study was designed: to monito~ densnies of 
limpets, littorines,:thedog whelk, Nucella spp., and the seastaf( Leptaster'ias 'hexactis ~tthree tidal 
heights on matched pairs of oiled and control sheltered rocky artd.coarsete~turedsites.: )'he ~pecies 
chosen for long-term monitoring represented intertidal organisms · whh .two. v~ry .:different 
reproductive strategies. L. sitkana, Nucella spp., and L. hexactis l~ck a dispersal pha,sb In :th~ir life 
history (Kozloff 1983). The limpet species studied use a dispersal strategy ~n which .t~e tatv~~ihave 
a pelagic phase before settling into the intertidal. Thus,. they can recruit onto oiled.sho~ylirtesifrom 
a greater distance than can the organisms with non-dispersal phas~s. From·1990 tlir,oJgh 19'9:p, the 
study found that populations of intertidal graziNg invertebrate's (limpets and littorineS') :cpntih~ed to 
show reduced densities at oiled sites, especially in the upper intertidal zone.: By :1993J re~ov~ry .was 
underway in the thld and lower intertidal zones, with few statistical differences in:inv'ert~brate 
densities remaini:Qg between oiled and control sites. The· .population dynamics study coft.t~nued 
through the summer of 1995 to determine when· and if recovery h~d occurred. '' ·: : .: .. : 

Injury to and recovery of Fucus gardneri, the major stiu~tural compbnent of the inteitipal in 
Herring Bay and most of the oil spill region, was discussed earlier ~n this report. As of i 995; Fucus 
cover remained low in the high intertidal oiled shorelines. Due to its importance to the intertidal 

. I I I 

community in terrris of biomass and interactions, general recovery of the int¢rtidal commu~ityrelies 
heavily on the recovery of Fucus, especially in the high intertid~lwhere desiccation stres~hs. gn~atest. 

' ' I l I 

.. In Herring Bay we have correlated Fucus percent cover with the: abundance of various·invefteb'rates. 
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In addition, the removal of Fucus cover and the resulting effects on mobile invertebrate abundances 
was studied in 1995. 

Experiments were initiated in 1993 to examine the influence of water motion on growth rates, 
size-frequency distribution and recruitment of mussels in the intertidal at three matched site pairs. 
Mussel size and age data collected during the CHIA study (Highsmith et al. 1992) indicated that 
mussels of a given age tended to be larger on oiled sites relative to control sites. The data suggested 
that there may be inherent environmental differences between oiled.and control sites. Possibly, the 
currents which transported oif to. ¥arious shorelines are. the prevailing currents in the region, and 
typically distribute larvae, phytoplankton and nutrients to the intertidal, zone at higher rates than at 
non-oiled locations. Intertidal habitats with solid substrate that are more exposed to waves are 
generally more productive and diverse (Leigh et al .. 1987). This may be a result of increased food 
availability for filter feeders, increased nutrient renewal, enhanced competitive ~bility of productive 
organisms, .and protection· of intertidal organisms from predation. Results from community level 
multi-dimensional scaling analyses of data from the CHIA study showed that ·sheltered rocky site 
data tended to cluster relative to wave exposure (Highsmith et hl. 1994). The possibility that oiled 
sites have more water motion over the substrate, and t~ms are more productive than non-oiled sites, 
needed to be investigated clue .to the extensive use of matched oiled and unoiled site pairs in damage 
assessment studies. In projecting recovery times and 'endpoints, ~any differences between oiled and. 
control sites not related to oiling effects must be considered: · Dissolution rates of calcium sulphate 
cylinders were used in Herring Bay as indicators of relative water motion (Muus 11968, Gerard 1982, 
Petti crew and Kalff 1991) at the mussel study sites ... 

Barnacle studies conducted in Herring Bay during the initial damag~ ~ssessment phase in 
1990 through 1993 showed higher abundances of Chtharf!,alus dalli on oiled sites compared to 
matched controls., C. dalli also had higher recruitment in cleared spaces. In addition, the CHIA 
study found significantly: higher densities. of C.· dalll on oiled sites compare& with control sites, 
especially in the mid- to lower-intertidal (Highsmith etaL 1994) .. A study was :initiated in 1993 to 
monitor abundances and recruitment of C. dalli, Balanus gfandula, and Semibalanus balanoides. 
This monitoring continued in 1994 and 1995 in order to· track recruitment· dynamics. relative to 
competitive interactions. · 

METHODS 

POPULATION DYNAMICS OF SELECTED INvERTEBRATES 

Three site pairs from sheltered rocky habitat and. two site pairs from coarse .textured habitat 
in Herring Bay have been monitored for invertebrate densities from 1990 to 1995. These sites are 
listed in Table 1.1 and Figure J.1. Fucus (Chapter 2) ~d several invertebrates were monitored at 
least twice per year to determine changes over time on oiled and control sites. All sites include six 
0.1 m2 quadrats randomly placed within each of the first three meter vertical drops (MVD) from 
Mean High High Water (MHHW). All quadrats were permanently marked. During each collection 
of data, all limpets, Littorina sitkana;.Nucella spp., and Leptasterias hexactis were counted. In· 
addition to the Herring Bay population dynamics sites, ·the sheltered rocky sites from the Coastal 
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Habitat Injury Assessment project (CHIA, Highsmith et al. 1994) were visited, opportunistically in 
1993, 1994, and 1995, once each summer. On these sites, invertebrates in six non-disturbed 0.1 m2 

quadrats were counted at each of the three MVDs. 

Data Analysis 

Invertebrate density data for all years were analyzed for each MVD on each sampling date. 
Raw data were tested for variance homogeneity using Levene's test at the p=0.1 0 level and unequal 
variances were log transformed. T -tests were conducted between site · prurs for raw ·or log 
transformed data. 

Fisher's method of combining p-values (Sokal and Rohlf 1981) was used to evaluate 
significant differences in abundance over all sites within a habitat for each visit and MVD (p<0.05). 
Analyses were separated by MVD at each sampling date. 

Power and Power 50% approximations were calculated when significant differences between 
oiled and control sites within a habitat were not detected using· Fisher's method. Power is defined 
as the probability of obtaining a significant result when the null hypothesis being tested is not true 
(Manly 1991). Power 50% is based on the assumption that the effect of the spill was to decrease the 
value of a particular parameter on oiled sites by 50% relative to control sites. Monte Carlo methods 
(Manly 1991) were employed to generate the Power and Power 50% statistics. 

RECRUITMENT ON Oll..ED AND NON·Oll..ED SURFACES 

Table 3.1lists study sites used for recruitment studies on oiled and non-oiled surfaces. One 
study monitored recruitment and succession on tarred (oiled) and untarred (unoiled) rocky substrate. 
To determine if algal and invertebrate recruitment patterns and/or grazing rates were affected by the 
presence of tar, caged and uncaged plots were monitored that had been scraped to remove tar or left 
tarred (unscraped). Another study monitored recruitment and succession onto ceramic tiles. This 
study occurred on six sites. Oiled and unoiledtiles were placed directly in the intertidal or caged. 
More detailed information is given below for each study. 

Recruitment on Vertical Rock Faces 

Since 1990, four study sites have been monitored for barnacle recruitment (Table 3.2). An 
additional six sites were added to the study in 1991. The oiled sites for this study were selected from 
rock walls where tar bands had established within the barnacle zone in the upper intertidal. Control 
sites were selected to match as many physical characteristics as possible with the oiled sites, except 
the control sites lacked a tar band. At each site, a series of paired 10 X 10 em plots was established 
on a vertical rock face at MVD 0.5. The location of the first pair of plots was randomly established 
from the left end of the site and subsequent paired plots were placed 0.5 m apart. To evaluate the 
possible impact of weathered oil on barnacle recruitment at oiled sites, one member of each pair was 
scraped and brushed to remove all visible tar. The adjoining 10 x 10 em plot was not disturbed. 
To control for scraping and brushing affects, one member of each plot pair at control sites was 
scraped and brushed to remove any algae or invertebrates present. The sites were periodically 
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monitored for recruitment of barnacles, Fucus germlings and grazers. Grazers, defined here as 
limpets and the two species of littorines (Littorina sitkana and L. scutulata), were not quantified 
during 1992, but counts resumed at each plot in 1993. In 1991, the experiment was modified by 
randomly assigning grazer exclusion cages to half of the study plots. The cages excluded most 
limpets and littorines, with the exception of juveniles less than 4 mm in length, which were removed 
by hand during each site visit throughout the study period. This study was closed out after the 1993 
field season due to the loss of most of the cages by 1994. 

Recruitment on Oiled and Non-oiled Tile Pairs 

In 1991, nine unglazed, red clay tile pairs were placed in the intertidal at each of three oiled 
and control site pairs (Table 3.1 ). Each tile was 53 cm2 in area and each pair was placed side by side 
in the intertidal. Six of the tile pairs consisted of a tile treated with North Slope crude oil, taken from 
the TN Exxon Valdez in 1989, and a non-oiled tile. Of these tiles pairs, half were enclosed by a 4 
mm mesh stainless steel cage 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. However, the paint may have introduced artifacts such as chemical and texture 
differences that could affect recruitment. The tile pairs were placed 50 em apart along the MVD 2 
contour, with the location of the first tile pair randomly determined from the left end of the site. 
During subsequent visits, tiles were sampled for barnacle recruits, Fucus germlings, percent 
filamentous algal cover and grazers. In 1992, cover was further subdivided into barnacle adults, 
Chthamalus dalli, and Fucus adults (plants 2.0 em). Again, this study was closed out after the 1993 
field season due to the loss of most of the cages and many tiles by 1994. 

Data analysis 

Recruitment data were analyzed using a paired t-Test between plots within the sites. Analysis 
of variance was used to compare like treatments between oiled and control sites as well as the effects 
of caging. Data were log transformed if normality tests (Kolmogrov-Smirnov) and variance 
homogeneity tests (Levene's) failed. If the transformed data also failed the tests, then the 
non-parametric Wilcoxon Signed Rank Test or Kruskal-Wallis ANOVA on ranks was performed. 
All relevant information pertaining to the type of analysis performed is indicated in the presentation 
of data. 

FUCUS AS INFRASTRUCTURE AND PROTECTION FOR INVERTEBRATES 

As indicated in the introduction, increased water motion may result in higher recruitment, 
growth and survival rates of intertidal organisms due to such factors as increased nutrient, propagule 
or food supply,. To investigate this possibility, we determined the abundance of epiphyte grazers 
(Littorina sitkana, L. scutulata, Lottia pelta) and a filter feeder (Mytilus trossulus) on Fucus plants 
per unit weight at locations where calcium sulphate cylinders were utilized to estimate relative water 
motion. On 25 of the sites shown in Figure 3.2, Fucus plants were collected from the 0.5, 1.5, and 
2.5 MVDs. These sites were originally selected for a study on calcium dissolution rates which is 
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described in a later section. The sites were selected at MHHW and a marker was set in marine epoxy 
at the waterline. At low tide, a transect line was run perpendicular from MHHW to the waterline. 
At each of the three MVDs listed above, the nearest Fucus plant (> 10 em in length) to the right of 
the tape was collected. Collections were carefully made such that all invertebrates within the plant 
were also collected. The plants were returned to the boat, all invertebrates were collected and 
counted, and each Fucus plant was weighed. 

To determine the extent that invertebrates rely· on Fucus canopy for cover, an experiment was 
conducted to compare invertebrate densities over time after the removal of Fucus canopy. Three 
sites were chosen to represent a variety of wave exposures "in Herring Bay based on calcium sulphate 
dissolution measurements (See Water Circulation section, this chapter). The sites selected were sites 
A, G, and M (Figure 3.2); representing "exposed", ,"moderate", and "protected" shorelines, 
respectively. The exposed site was subjected to waves about 1 min height during storms while at 
the protected site, waves, did not reach' above 0.25 m (personal observations between April and 
September during six field seasons). At site G, maximum wave heights were. greater than 0.25 m 
but less than 1 m. At each site, four 25 x 25 em quadrats were permanently marked .at each of three 
tidal levels (0.5, 1.5, and 2.5 MVDs). At each tidallevel,•quadrat locations were 'spaced 2m apart 
along the site. All Fucus plants with holdfasts in the qua~rat an'd w~thin a 10 em border around the 
quadrat were removed. and plactyd in plastic bags. Any plant~ outside of the border: that were large 
enough to "flop" into the quadrat were 'also removed.· A~lli~pets and littorinenemaining in each 
quadrat after Fucus removal were counted for five consecutive days starting with:the day of Fucus 
removal. Counts were also taken 33 and 64 days after Fucus removal. 

Data Analysis 

To determine if water current rates affect invertebrate densities on Fucus plants, correlations 
were made between Littorina sitkana, L. scutulata, Lottia pel'ta, and Mytilus trossulus densities on 
Fucusplants and calcium dissolution rates (described below). Densities for each invertebrate species 
were normalized to the weight of the Fucus plant. 

To test the effects of Fucus removal on invertebrates, data were analyzed with repeated 
measures 2-way ANOV As with site and tidal level as factors. The repeated measures ANOV As 
were weighted to account for the different time intervals of the last two sampling days. Tidal level 
was not used as a factor for Littorina·scutulata, because this species was essentially absent at the 
lower tidal levels, resulting in little to no variance at these levels. 

FILAMENTOUS ALGAE 

Mussels recruit either directly into existing-mussel beds or by initially settling on filamentous 
algae and later migrating into the bed (McGrath et al. 1988). Thus, the amount of filamentous algae 
present on a shoreline may affect mussel recruitment success. To determine the number of juvenile 
mussels attached to filamentous algae at each mussel study site, percent filamentous algal cover was 
determined and algae were collected. Along each randomly established transect, filamentous algal 
percent cover was estimated using a 40-point grid system (40 x 50 em).' No effort was made to 
identify algae at each point beyond filamentous or non-filamentous. The quadrats were randomly 
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placed along each transect line within the 1.0, 2.0, 3.0 and 3.5 MVD levels. This was done by 
multiplying the tape distance within each MVD by a random number and using the resultant tape 
distance as the upper edge of the quadrat frame. 

To determine mussel density in filamentous algae, it was necessary to collect samples for 
microscopic identification in the laboratory. Samples were randomly collected within a 2 m 
horizontal distance from the right side of the point grid frame at each transect and MVD. In 1993, 
a 10 x 10 em sample of algae was removed, with a razor blade, from an area with 100% filamentous 
algal cover within the sampling frame. If no 10 x 10 em areas with 100 % filamentous algal cover 
were found within the 2 m sampling distance, no collection was made. In 1994, methods were 
altered to increase the number of samples collected per site but reduce the laboratory processing 
time. Algal samples of 5 x 10 em were collected from the nearest location to the quadrat frame that 
had at least 50% filamentous algal cover. Percent cover within the sampling frame was estimated 
and recorded so that the total number of mussels on filamentous algae could be normalized to a 
standard 10 x 10 em area. Thus, algal percent cover within the sampling frame ranged from 50% 
to 100% and the assumption was made that mussel recruit density found in frames with less than 
100% algal cover was representative of mussel density had there been 100% cover. This 
methodology probably increased variability of the data but no more so for oiled sites than control 
sites and the increased number of samples due to this procedure should help to balance overestimates 
and underestimates within control and oiled data sets for 1994. Samples were bagged separately, 
frozen and returned to the laboratory for analysis. 

Filamentous algal samples were thawed and examined in the laboratory for the presence of 
mussel recruits. All juveniles found in the algae were removed and measured. Data were recorded 
for various size categories and specimens were stored in 50% isopropyl alcohol. Samples were 
collected in June, July and September 1993 and May, June, August and September 1994. Because 
of budget reductions, no samples were collected in 1995. 

Data Analysis 

Filamentous algal percent cover data and data on the total numbers of mussels in filamentous 
algae were analyzed for significant differences between site pairs using 2-sample t-tests, or a 
one-sample t-test when variances were zero. The percent filamentous algal cover data were arcsine 
root transformed before statistics were performed. Analyses were separated by MVD for each 
sampling date. For the filamentous algal collections, samples from less than 100% cover within the 
5 x 10 em sampling frame were normalized to 100 %. Also, the 5 x 10 em quadrat collections made 
in 1994 were normalized to a standard 10 x 10 em sample area. 

Fisher's method of combining p-values (Sokal and Rohlf 1981) was used to evaluate 
significant differences in algal percent cover and mussel abundance in filamentous algae over all 
sites for each MVD and visit (p < 0.05). Analyses were separated by MVD at each sampling date. 

MUSSEL SIZE-FREQUENCY DISTRIBUTIONS 

This experiment is part of the overall investigation of the potential positive relationship 
between water flow and the abundance and sizes of organisms present as a site (see Introduction, 
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para. 5). Earlier Herring Bay reports referred to the ~ussel present as Mytilus edulis. Recent 
taxonomic works indicate the species is actually M. trossulus (McDonald and Koehn 1988, Geller 
et al. 1994). Three pairs of matched oiled and control sites were established for size-frequency 
distribution studies to determine if differences existed in the distribution of mussel size classes in 
mussel beds on matched oiled and control sites .. Sites were matched based on beach characteristics 
such as site topography, slope, exposure and presence of comparable mussel bands or beds .. The 
three oiled sites· selected were Mussel Beach 1, Mussel Beach 2 (referred to hereafter as MB1 and 
MB2, respectively) and 1522; non-oiled matched sites were MB 1C, MB2C and 1522C (Figure 3.1), 
respectively. These six sites represented most of the coastline in Herring Bay that could be 
considered having a mussel "band" or bed. 

During the Initial visit to each of the sites in June 1993, the total length of the mussel band 
was determined. This study was designed to study size frequencies of mussel populations. Thus, 
to insure that mussel collections were made, to increase N, areas devoid of mussels were excluded 
from the measure~ent. Four vertical transects, set perpendicular to the shoreline, were randomly 
established 'in the rhussel band. , The position of the first transect was randomly located in the first 
quarter of the.band. The other t:P.ree transects were located by consecutively adding one-fourth of 
the total mussel ba,nd length to the Jirst transect location. The top of each transect was marked at 
MHHW with anchbr screws or tp.a,rine ·epoxy. · , 

The width of the.mussel band. along the transect was measured and multiplied by a random 
number. The upp~r right corner :of the quadrat frame was placed at this t.ape distance along the 
transect line. If niussels wer~ sparsely distributed or in patches, all mussels· in the quadrat were 
collected. The siz~ of the collection quadrat differed between 1993 and 1994.· In 1993, mussels were 
collected from a 20x50 em quadrat. ·In 1994, the size of the collection quadra:t was reduced to 1 Ox20 
em in order to reduce the sample'processing time in the laboratory. :If mussels were densely packed 
and evenly distrib1;1ted, a subsample:w:as ~ollected. In 1993, subsampling was achieved by placing 
a 3x50 em subsa~pling frame in the middle of the underlying 20x50 em frame. Only the mussels 
in the 3x50 subsampling frame were collected. In 1994, a subsample was collected by randomly se­
lecting either the upper or lower half of the 10x20 em frame: Samples were bagged separately, 
frozen and returned to the laboratory for sorting and analysis .. 

Sites were revisited in September 1993, May 1994, September 1994,. and· May 1995. 
Newly-established collection quadrats were placed one meter to 'the left of previously established 
quadrats unless the new location was unworkable, in which case :the quadrat was tnoved to the left 
until a suitable location was reached. 

In the laboratory, mussels were thawed and washed in a 0.5 mm sieve. Length measurements 
were taken to the nearest 0.05 mm using dial calipers except for mussels less than one mm in length 
which were classified as < 1 mm. 

Data Analysis 

For the mussel size-frequency distribution study, a randomization procedure utilizing 
Kolmogorov-Smimov statistics was performed. Mussels were grouped into 2 mm size categories 
and summed for all four quadrats within a site and divided by the total number of mussels from all 
four quadrats to obtain a percent frequency per size increment per site. Cumulative frequencies were 
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then calculated for each successive size increment. The difference between the cumulative 
frequencies for the oiled and control sites was calculated for each size increment and the largest of 
these differences for all size classes was recorded. A randomization program re-allocated the 
quadrats randomly to oiled or control categories (four in each category) without replacement. The 
cumulative frequencies were then recalculated and the largest difference recorded. This was repeated 
5000 times. A p-value was determined from the ranking of the "largest differences" obtained by the 
randomization process relative to the "largest difference" in cumulative frequencies from the real 
data. 

TAGGED AND CAGED MUSSELS 

Mussels were tagged and caged at each of the six mussel study sites described above to 
determine if growth rate differences existed for mussels on the oiled study sites compared to the 
control sites. Initial mussel collection, tagging, and length measurements were taken in June 1993. 
Thirty to sixty mussels were collected near the mussel collection quadrats, described under Mussel 
Size-Frequency above, from two randomly selected existing transects. The mussels were bagged 
separately in sea water and returned to the research vessel where each mussel was tagged or marked 
and it's length measured to the nearest 0.05 mm using dial calipers. Two different methods were 
employed to mark the mussels. Super-glue gel was used to attach small ( <4 mm) plastic fish tags 
to the outer shell or, alternatively, an engraving tool was used to etch numbers directly into the shell. 
The tagged or marked mussels were stored in a flowing seawater tank until the next low tide, then 
were returned to their respective transects. The mussels were placed inside wire mesh cages 
(20x20x7 em) and the cages attached to the substrate within the bed with anchor screws. The 
mussels were collected again in August 1993, May 1994, August 1994, May 1995, and August 1995, 
remeasured to determine growth, and returned to their cages. 

Data Analysis 

Annual and total growth rates were analyzed using two-sample t-tests for comparisons of 
oiled sites with control sites. Means and standard errors are reported for seasonal (summer or 
winter) growth. 

WATER CIRCULATION STUDms 

Dissolution rates of calcium sulphate cylinders were measured to determine if differences in 
volume of water movement existed between oiled and control sites and if there were detectable 
differences between areas of Herring Bay. Dissolution cylinders were constructed from 
commercially available calcined gypsum, or calcium sulphate. Small and large PVC pipe molds 
were used to make cylinders for both short-term and long-term deployments, respectively. Gypsum 
powder was mixed with water and stirred to remove air bubbles, then poured into the molds. A 
length of plastic coated aluminum wire was embedded into one end of each cylinder. The molds 
were removed after the mixture had set ( 1 to 1.5 hours) and rough seams were smoothed with a razor 
blade. The cylinders were dried overnight at 40° C. Waterproof epoxy was applied to both ends of 
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each cylinder to prevent dis·solution from the ends and to allow for a radially symmetrical surface 
for dissolution. A numbered tag was embedded in the epoxy on the bottom of each cylinder (the 

· end from which the aluminum wire extended). The cylinders were then redried for 48 hours at 40°C, 
placed in a desiccator to cool and weighed to the nearest 0.00 lg. Length and diaineter measurements 
were taken tci the nearest 0.1 mm. Following exposure in the field, cylinders were removed from the 
deployment site, dried for 48 hours at 40° C, cooled ina desiccator, weighed and measured as before. 
Dissolution rates are reported as the change in weight of the cylinder divided by the total length of 
the cylinder (to correct for slight cylinder-length inconsistencies) and· the titne the cylinder was. 
submerged. These "flux" calculations are the values reported. For all deployments, cylinders were 
placed on the set of .sites for the same period of time. Thus, dissolution me~surements are good 
indicators'ofrelative differ~nces in water motion and "integrate" dissolution over the same time 

·period. 
Calcium sulphate dissolution cylinders were deployed on the mussel study sites and at 33 

locations around the perimeter of Herring Bay (Fig. 3.2). Two methods were used to deploy the 
cylinders. For one method, two 4-inch lengths of PVC pipe were attached to rocks, 15-20 em apart, 
with marine epoxy. A one-hole rubber stopper was inserted into each pipe opening. The plastic 
coated wire at the end of each cylinder was then inserted into the rubber stopper; The rocks held the 
cylinders throughout deployment. The other method used metal br~kets mounted in the bedrock 
to hold the cylinders on site. fu both cases the cylinder was attached by the metal wire at the bottom 
so that the cylinder protruded above the holder into the water column so any mounting effect was 
minimal. Four cylinders were placed on each mussel study site. At the ~3 locations around the 
perimeter of Herring Bay, one.cah;:~um'sulphate cylinder was deployed at l MVD below MHHW. 
The dissolution cylinders were placed on large rocks and sufficientlY' above or away from sediments 
that erosion due to sediment sdour was unlikely. Pitting was n'ot observed and the cylindrical shape 
was retained in all cases. 

To determine whether dissolution from rainfall would be a significant factor in dissolution 
rates of the cylinders, two cylinders were placed on the top deck of the research vessel for a 48 hour 
period during which 5.3 em of rain fell. Less than 0.04 gms dissolved from each cylinder. Typically, 
dissolution rate measurements· for deployments in the intertidal were two orders of magnitude higher 
than measured during the period.of heavy rain. Therefore, dissolution due to rain was ignored. 
Additionally, tests were conducted to: test for replication ·between cylinders. Five sets of three 
cylinders, with each cylinder placed 10 em from the other two in the set, were placed at varying tidal 
heights and locations within Herring Bay. For all five sets, selected randomly from several different 
batches, the variability among the three cylinders within a set was less than 3% in all cases. Thus, 
due to the time-intensive nature of preparing each cylinder, a maximum of four cylinders was placed 
on each site during each deployment, two on each of two transects at the mussel study sites and one 
each (except for a few instances where two cylinders were deployed to check replicability) on the 
33 sites chosen around the perimeter of the bay. A computer software program provided tidal height 
and time data for specific locations and was used to determine the total amount of time that each 
cylinder was submerged during the tidal cycles throughout the deployment. 

To determine if the tidal computer software program was reasonably accurate for Herring 
Bay, a site in mid-Herring Bay was selected. On May 26, 1994, starting one half hour before the 
time listed for high tide, pieces of marine epoxy were placed at the water level every five minutes 
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until the time of high tide listed in the program. The markers were monitored relative to the water 
level to determine if the water level peaked before or lagged behind the program time. No 
measurable difference was detected. fu addition, a tag was embedded in marine epoxy at the high 
water level (as determined from the tidal program) during one tidal cycle in May 1994. Periodically, 
measurements were made using a surveyor's sight level to determine the vertical difference between 
the water level and the marine epoxy marker throughout the roughly 12 hour tidal cycles (between 
high tides) during a several day period. The exact time of each measurement was recorded and the 
measured vertical differences were compared to those shown in the tidal program for each given 
time. Six different measurements were taken on six different dates and tidal levels. The differences 
between the measured and tide program vertical distances ranged from 4 to 32 em (for total vertical 
distances of 51 to 444 em). For purposes of this project, we utilized the numbers obtained from the 
tide program to calculate our submergence times given that slight differences obtained for different 
tidal cycles would be the same for both oiled and control sites. 

Data Analysis 

Dissolution (flux) rates were calculated using the difference in weight before and after 
deployment. Due to slight inconsistencies in the length of each cylinder (but not the diameter), the 
weight difference was divided by the cylinder length to normalize all samples to the same starting 
surface area. This number was then divided by total time under water over the deployment period 
to determine a rate of weight loss per em of cylinder length. This is the number that is reported as 
flux rate in figures and tables. Calcium sulphate dissolution rates were analyzed for significant 
differences between site pairs using 2-sample t-tests. Fisher's method of combining p-values (Sokal 
and Rohlf 1981) was used to evaluate significant differences in flux rate over all sites for each visit 
(p < 0.05). 

BARNACLE RECRUITMENT 

Barnacle populations at three oiled sites in Herring Bay were examined for recruitment and 
successional patterns at three MVDs. Because some oil removal methods essentially created bare 
rock, a portion of each study plot was scraped to see if recruitment dynamics and ultimate 
community composition would be different. The sites were located at Barnacle Point (BP), Kiska 
and 1522 (Figure 3.1 ). A randomized method of selecting sites from total available shoreline was 
not used; however, care was taken to choose sites that seemed to represent typical Herring Bay 
barnacle habitat along a vertical rock wall. Four randomly placed transects were established at each 
site in 1 une 1993. Along each transect, 1 Ox20 em quadrats were positioned and permanently marked 
at 0.5, 1.0 and 1.5 MVDs. One 10x10 em section of each quadrat was scraped of all barnacles and 
the remaining 1 Ox 10 em section left unscraped. Adult barnacles were counted in the entire 1 Ox 10 
em unscraped section and recorded as either "Balanus glandula+ Semibalanus balanoides" or 
Chthamalus dalli. Juveniles, or spat, were counted only in the lower left quarter of the 1 Ox 10 em 
section (5x5 em). fu subsequent visits, adult and juvenile counts were taken from both the unscraped 
and previously scraped quadrats. fu August 1994, a sudden influx of small ( <0.5 mm) spat was 
observed in the quadrats. These spat were identified as C. dalli. Using a magnifying glass, the spat 
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were counted in each quadrat in August and September 1994. There was no subsequent settlement 
of these spat observed in 1995. Sites were visited at least twice each year in 1993, 1994, and 1995. 
During each visit, all quadrat counts were repeated a minimum of three times or until a variance in 
repeated counts was less than 10%. The average of the individual counts in each quadrat was used 
as the abundance for that quadrat in further data analyses. 

Data Analysis 

. Bamacle.juveniles·, adults (Semibalanus glandula and Balanus glandula), and Chthamalus 
dalli were analyzed using two-sample t-tests for comparisons of scraped plots with unscraped plots. 

RESULTS · 

POPULATION DYNAMICS OF SELECTED INVERTEBRATES 

Mean densities of the invertebrates Littorina sitkana, Lottia pelta, Tectura persona, T. 
scutum, Nucella lamellosa, N. lima, total Nucella spp., Leptasterias hexactis, total limpets, and 

.:' unidentifiable limpets (usually limpets< 6-8 mm) from population dynamics sites are presented for 
· both sheltered rocky and coarse textured habitats in figures and appendix tables a:s described below. 

· ' Statistical results comparing matched oiled and control sites and the results of Fisher's test for 
combining p-values across all site pairs within a habitat type are given in Appendices C.1-C.44. 
Results of power analyses conducted on the data (only when significant differences were not 
detected) are included in the appendix tables in the rows labeled "Power" and "Power 50." The mean 
abundances for each organism across each habitat, shelteredrocky or coarse textured, along with the 
statistical results for combining p-values within each habitat are illustrated in F~gs. 3.3-3.11. It 
should be noted that the means presented in the figures are habitat means, or means of site· means. 

' i There is no variance reported for these because the statistical results presented for a· habitat are fro~ 
:: combining the p-values from each site pair comparison. This can be confusing when the mean Of 
1 :J means for abundances are or are not very different as illustrated in a figure ·but the combined 
i i p-values from the site pairs show non-significance or significance, respectively. However, results 
• I 

; : are considered statistically significant based on the results of the Fisher's test for combining p-values: 
. : 
~ ' I 

Sheltered Rocky Habitat 

At all MVDs, whenever statistical significance was detected, Tectura persona occurred in 
higher numbers on control sites than on oiled sites. In addition, even when no statistical significance 
was detected, habitat-means were higher on control sites during every sampling date except one. At 
sheltered rocky sites, T. persona abundances were significantly higher on control sites at MVD 1 
compared to oiled sites on at least one sampling date each summer from 1990 through 1995 (Figure 
3.3). This limpet occurs mainly in the upper intertidal and is usually not found in high abundances 
in the lower intertidal.· At MVD 2, no significant differences were detected after mid-summer in 
1992 and at MVD 3 after May 1991. At MVD 1, the numbers ofT. persona occurring on both oiled 
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and control sites has increased since 1990. 
The lower intertidal limpet, Tectura scutum, showed very low densities at MVDs 1 and 2 

(Figure 3.4). Statistical significance occurred only once out of all22 sampling dates at MVD 1, with 
higher densities on control sites in September 1993. At MVD 2, statistical significance occurred on 
only two of 22 sampling dates, in late summer of 1990 and in June of 1993, with higher densities 
on control sites. At MVD 3, densities were slightly higher than at MVDs 1 and 2. However, only 
one date showed statistically significant differences, in August 1990, with higher densities on oiled 
sites. 

The limpet Lottia pelta, which is more evenly distributed throughout the three MVDs than 
the two Tectura species, showed statistically significant differences at MVD 1, on only one sampling 
date, in mid-summer 1991 (Figure 3. 5). At MVD 2, statistically significant differences occurred in 
1990, 1991, and 1994 with higher densities on control sites. At MVD 3, statistical differences were 
detected as late as 1995 and occurred on at least one sampling date in each year from 1990 through 
1995, with all differences showing higher densities on control sites. 

Another intertidal grazer, the periwinkle Littorina sitkana, showed significantly higher 
numbers on control sites on many sampling dates for all three MVDs from 1990 to 1995 (Figure 
3.6). In no case was L. sitkana density significantly higher at an oiled site. For MVD 1, significant 
differences occurred at least once in 1991, 1993 and 1994. For MVD 1 at oiled sites, there is a 
pattern of high densities in early summer and lower densities in late summer. This pattern is also 
somewhat evident for oiled sites at the other MVDs and for control sites, suggesting summer 
mortality rather than migration. At MVD 2, significant differences occurred on almost all sampling 
dates through 1994 with higher numbers on control sites. MVD 3 showed significantly higher 
numbers on control sites on only one sampling date before 1994, but were significantly higher on 
control sites during both sampling dates in 1994 and the last sampling date in 1995. Densities appear 
to have increased after 1990, especially on control sites at MVDI. 

Nucella lamellosa and N. lima occurred in low numbers on all sites and very few sampling 
dates showed statistically significant differences between oiled and control sites (Appendices 
C.1-C.44). Results for N. lamellosa on sheltered rocky habitat are shown in Figure 3.7. Statistically 
significant differences occurred only once over all MVDs and sampling dates, with higher densities 
on oiled sites at MVD 2 in 1990. Results for Nucella lima for sheltered rocky sites are not shown for 
sheltered rocky sites because they occurred in such low numbers and were never significant at any 
MVD or sampling date. 

The other categories of invertebrates that are presented in the appendix tables, total limpets, 
unidentifiable limpets, total Nucella spp., and Leptasterias hexactis are not presented in figures. 
Total limpets tend to follow the trends for whichever limpet is dominant at that MVD, although the 
results from other limpets may increase or decrease significance levels. For instance, at MVD 1 
where Tectura persona was significantly higher on control sites compared to oiled sites across time 
and where Lottia pelta showed few significant differences, total limpets were generally higher on 
control sites but were statistically significantly higher on fewer sampling dates than T. persona alone. 
The trend for total limpets at MVD 2 closely tracked that of T. persona with higher numbers on 
control sites, especially in 1990 and 1991. At MVD 3, total limpets closely followed the trend for 
Lottia pelta, however, the statistically significant trend for higher numbers on control sites was 
strengthened. Unidentifiable limpets, or small limpets (usually less than 6-8 mm) that could not be 
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speciated in the field, showed no significant differepces between oiled and control sites at MVDs 
1 and 2 during any of the 22 sampling dates. However, at MVD 3, there were four sampling dates 
where higher numbers were detected on control sites, which is probably what contributed to the 

. strong statistical trend seen. for total limpets at MVD 3. 
Trends1for total Nucella spp. mirrored those of N. lamellosa almost completely due to the 

extremely low numbers of N. lima found on any site during all 22 sampling dates. Leptasterias 
hexactis were found in only a few quadrats and had densities of zero oil both oiled ·and control sites 
over 80% of the time. Significant differences were not detected between oiled and·corttrol site 
densities for this species. 

Coarse Textured Habitat 

Figures 3.8-3.11 show abundances of limpets and littorines for oiled and control coarse 
textured habitat from 1990 through 1995. Tectura persona densities. were higher on control sites in 
all years at MVD 1 and during at least one sampling period in each year at MVD 2 (Figure 3.8). 
Though densities generally remained higher at control sites, at MVD 3, no significant differences 
have been detected since early summer of 1991. Again, these invertebrates appear to have increased 
in density over time on both oiled and control sites since' the first year after the oil spill. 

The lower intertidal species ofTectura, T. scutum, showed very low densities at MVD 1 and 
was never significantly different between oiled and control sites from 1990 through 1995 (Figure 
3.9). At MVD 2, except for a relatively high density measured on control sites during the third visit 
in the summer of 1990, significant differences occurred w.ith higher numbers on oiled sites. Overall 
densities were low compared to other limpets. At MVD 3,.abundances were higher on both oiled 
and control sites compared to upper 2 MVDs. There w~re several sampling dates where greater 
numbers were found on oiled sites, however significant differences only occurred in June· of both 
1991 and 1992~ 

For Lottia pelta, the highest abundances were found at MVD 3 and were significantly higher 
on oiled sites compared to control sites in 1991 and aga:in.during both sampling dates in 1994 and 
the last sampling date in 1995 (Fig 3.10). AtMVDs 2·and 3, higher densities of L. pelta h~ve been 
found on ·both oiled and control sites . several years after the oil spill compared to ~he year 
immediately following the spill. At MVD 1, densities were very low but significantly higher 
densities of L. pelta were found on control sites in Ju:t;J.e iJ.990 and May 1991. 

Since 1990, Littorina sitkana densities increased from less than 5/o.1 m2 to about 15/0.1 
m2on oiled sites at all three MVDs (Figure 3.11 ). At MVD 1, densities were significantly higher at 
control sites on three of seven sampling dates in 1990 and in May 1991. Thereafter, densities at 
oiled sites increased and were significantly higher than at control sites in May 1992, and in 
September 1994 and 1995. Again, at MVD 2, higher densities were detected on control sites in 1990 
and August 1991. In 1995, higher densities were found on oiled sites, with May being significantly 
higher. At MVD 3, almost no L. sitkana were found on either oiled or control sites until August 
1992 when higher densities were detected on.oiled sites. Thereafter, densities generally increased 

_ ·through 1995 on both control and oiled sites. However, only one significant differency occurred, with 
higher numbers found on control sites in September 1994., 

As on sheltered rocky habitat, trends for tota.J limpets tended· to follow those for whichever 
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limpet species dominated at that MVD. At MVD 1, total limpets followed the trend seen for Tectura 
persona, with higher densities on control sites across time. In 1990, the data for total limpets 
showed higher numbers on control sites compared to oiled, as seen forT. persona. However, in mid­
to late-summer in 1991, there were three sampling dates with statistically higher densities on oiled 
sites, strengthening a trend seen for L. pelta and T. scutum. At MVD 3, total limpets showed trends 
similar to L. pelta, with higher numbers on oiled sites. Unidentifiable limpets showed only one 
statistically significant difference out of all22 sampling dates at MVD 1 and 2, with higher numbers 
on oiled sites in September 1990. However, at MVD 3, higher numbers were detected on oiled sites 
on at least one sampling date in 1991, 1992, and 1993, which is probably what contributed to that 
same trend seen for total limpets. 

Both Nucella lamellosa and N. lima occurred in very low numbers on coarse textured sites, 
with none found on any site during any sampling date at MVD 1. At MVD 2, noN. lamellosa were 
found, very few N.lima were found, and in no instance were significant differences detected between 
oiled and control sites. At MVD 3, zero or low densities were found during most sampling dates, 
except in September 1993 when higher, though non-significant, numbers occurred on oiled sites than 
on control sites (1.83 per quadrat vs. 0.22). 

No Leptasterias hexactis were found at MVD 1 or 2 on coarse textured sites and on only 
three sampling dates at MVD 3. They were found only on control sites with densities less than 0.2 
per quadrat in all three instances. 

Coastal Habitat Sheltered Rocky Sites 

Sheltered rocky sites monitored during the Coastal Habitat Injury Assessment (CHIA) project 
in 1990 and 1991 were revisited in 1993, 1994, and 1995. These sites were visited opportunistically 
during the Herring Bay field season and we couldn't duplicate the sampling methods used during the 
CHIA study where all invertebrates were collected from within each quadrat and sorted in the 
laboratory. Instead, we counted major invertebrates in the CHIA control quadrats. Due to time and 
personnel constraints, a number of quadrats were lost to rising tides. Thus, the number of quadrats 
sampled per site was decreased compared to those quadrats sampled for population dynamics studies 
in Herring Bay and the power of the statistical tests is reduced. Appendix tables C.45-C.4 7 list these 
power values and results of statistical tests between each matched pair and for overall tests for 
sheltered rocky habitat for Tectura persona, Lottia pelta, Littorina sitkana, Nucella lamellosa, and 
N. lima. As described below, Figures 3.12-3.16 show comparisons of Herring Bay and CHIA "mean 
of site means" abundance data for these invertebrates on sheltered rocky oiled and control habitat. 
Also included in the figures are data for CHIA sites in 1990 and 1991 (Highsmith et al. 1994). 

Table 3.2 shows the results of Fisher's test for combing p-values comparing matched oiled 
and control values on Herring Bay and CHIA sheltered rocky sites. This table was produced to 
illustrate whether trends were similar between the two sets of data. Because of the matched pair 
design, no statistics were done between the control data on CHIA sites and on Herring Bay sites. 
For those organisms studied, fewer significant differences were detected on the CHIA sites than in 
Herring Bay. Although the significant differences between oiled and control sites did not always 
occur at the same MVDs or during the same dates, the patterns were generally similar between the 
Herring Bay and CHIA data sets. For Littorina sitkana, total limpets, and Tectura persona, 
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significant differences were for higher densities on control sites than oiled sites in both Herring Bay 
and for the set of CHIA sites. For Lottia pelta, significant differences in Herring Bay were for higher 
densities on control sites , especially in the lower mid- and lower intertidal. On CHIAsites, densities 

· were significantly higher on oiled sites at MVD 2 in 1990 and 1991. By 1993, however, densities 
were higher on control sites. 

Figure 3.12 illustrates the data comparison for Tectura persona at MVDs 1, 2, and 3. T. 
persona has increased over time since May 1991 on the CHIA sites. On control sites the two data 
sets track fairly closely at MVD 1. However, on oiled ·Sites the abundance of T. persona appears 
to have increased much more on CHIA sites than on Herring Bay· sites. In general, at MVDs 2 and 

· 3, CHIA sites show higher abundances than Herring Bay sites. At MVD 3, the numb~rs found on 
Herring Bay sites were very low. On CHIA sites, however, abundances varied from visit to visit, 
with the highest densities for both oiled and control sites found in May 1995. · 

For Lottia pelta, the CHIA and Herring Bay data tracked each other fairly Closely for both 
abundance and trends· across time (Figure 3.13). The exceptions were between contr~l sites at MVD 
1 in 1993 and 1994, and on most dates at MVD 2 where Herring Bay densities are higher than CHIA 
densities. Again, densities in both areas have increased since 1990 on oiled arid control sites at all 
MVDs. . 

· Littorina sitkana abundance data show bigger differences between the two data sets than for 
, Lottia pelta and Tectura persona (Figure 3.14). Much of the variability between t~e two'data sets 
· occurred for dat:;t collected in 1990 and 1991. It is impossible to tell whether~ these: differences are 
real or whether the differing, sampling methods used in 1990 and 1991 are the c~us~. L. sitkana are 
often found within algal canopy and can be difficult to see in the field, especially newly recruited 
juveniles. The 1'990 and 1991 CHIA data were obtained by collecting everything from a quadrat and 
sorting out the invertebrate species in the laboratory whereas subsequent CHIA ~arrtples ah.d all 
Herring Bay population dynamics samples were collected in the field.. · · 1 

Nucella l~mellos~andN.lima were found in low abundance on both CHIA ~d Herring Bay 
sites. Although :the magnitudes of trends for N. lamellosa may differ, the general1 patterns across 
time are similar foi:beth ~ata sets (Figure 3.15). N. lima data show higher abundanc~s on CHIA sites 
than Herring Bay sites f9t almost all MVDs and sampling dates (Figure 3.16). ~he abundances, 
though,. are usually :less tli~n one organism per quadrat. Abundances measured on both oiled and 
control CHIA sit~s tehdeq to decrease after 1991. Again, this may be due td:the sampling method 
change after 1991. HoW:eyer, Nucella are easy to spot, especially on bedrock substrate where they 
can't hide under'small rocks or gravel. 

RECRUITMENT ON OILED AND NON-OILED SUBSTRATES 

· Recruitment on Vertical Rock Faces 

Recruitment and density data were analyzed using a paired t-test between plots Within each 
site for barnacle juveniles (Appendix Figures C.1-C.ll), barnacle adults (Appendix Figures 
C-12-C.15), and Chthamalus dalli (Appendix Figures C.16-C.19). Figures 3.17-3.24 show the 
results of ANOV As to compare like treatments between oiled and control sites as well as the effects 
of caging. 
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Barnacle juveniles, of all species combined, counted on each plot were defined as those that 
had not yet overwintered. Changes in coloration near the test base and relative size were used to 
subjectively determine which barnacles were counted as "recruits" and which were counted as 
"adults". For uncaged treatments, barnacle recruit densities were significantly higher on scraped 
plots at control sites compared to oiled sites until late June in 1990 and for a brief period that 
summer on unscraped plots (Figure 3.17). fu 1991 and 1992, higher numbers were found on the 
oiled sites in late summer for both scraped and unscraped plots. Low numbers of recruits were seen 
in early and mid-summer in 1990, 1991, and 1992. fu 1993, in contrast to previous years, a large 
settlement pulse of Semibalanus balanoides and Balanus glandula occurred in early spring in the 
general area of the control sites which resulted in significantly higher densities at control sites 
compared to oiled sites for all treatments (p<0.05, ANOVA; Figs. 3.17 and3.18). This was seen for 
caged, uncaged, scraped, and unscraped treatments. The only exception was for data from the caged 
scraped plots, sampled in August 1993, for which no difference in density was observed (Fig. 3.18). 
Densities on control sites in 1993 were generally much higher, and often an order of magnitude 
higher, than observed in previous years. The only significant differences between unscraped caged 
and uncaged plots or between scraped caged and uncaged plots in occurred on two dates in 1991 
(scraped plots, Fig. 3.18). 

For barnacle adults (not including Chthamalus dalli), which included mainly Balanus 
glandula and Semibalanus balanoides, densities were generally higher on oiled sites for all 
treatments in 1992 and on caged plots in 1993 (Figure 3.19). Adults are defined as those barnacles 
that were not the current year's recruits and that had survived within the quadrats to be counted. No 
significant differences were detected between unscraped caged and uncaged plots. The caged, 
scraped plots had significantly greater densities than the uncaged, scraped plots in both 1992 and 
1993 (p<0.05, Figure 3.19). 

Densities of adult Chthamalus dalli at control sites were generally low for all treatments 
(Figure 3.20). On uncaged plots, oiled site densities were significantly higher than on control sites 
for both scraped and unscraped plots on all sampling dates in 1992 and 1993. Significant differences 
were detected on scraped and unscraped caged plots in 1993 only. No significant differences were 
observed between caged treatments for either scraped or unscraped plots. 

On uncaged plots, Fucus gerrnling densities were significantly higher on control scraped and 
unscraped plots compared to oiled plots during most sampling dates in 1990. fu fact, during most 
sampling dates in 1990, 1991, 1992, and 1993, F ucus germling densities were higher on control sites 
than on oiled sites for all treatments, and significantly so on many sampling dates (Figures 3.21 and 
3.22). Significant differences occurred between unscraped caged and uncaged plots in 1991 and 
between scraped caged and uncaged plots in 1992 (Figure 3.22). 

Grazer densities were generally higher on unscraped plots compared to scraped plots through 
1991, except for caged treatments (Figure 3.23). No significance was detected for any of the 
treatments in 1993. Grazer densities were significantly higher on control sites compared to oiled 
sites for all treatments during most sampling dates (Figure 3.24). 

Recruitment on Oiled and Non-oiled Tile Pairs 

Table 3.31ists means and standard deviations of barnacle recruits on oiled (or painted) and 
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unoiled (or not painted) tile pairs at three oiled and three control sites in 1991, 1992, and 1993. 
Recruitment data were analyzed using a paired t -test between oiled and unoiled plots within each site 
and treatment and significance levels are reported as "p-val". There was sparse settlement on the tile 
pairs placed at control sites in 1991. The oiled sites 1322X and 1723X showed a recruitment pulse 
by mid-summer, although high variability resulted in only three significant differences between oiled 
and unoiled tiles in 1991 for any treatments. Although all three instances were for higher numbers 
of recruits on unoiled tiles compared to oiled tiles, two of the significant differences were between 
only a few recruits on unoiled tiles versus zero on oiled tiles. Iri 1992 and 1993, no significant 
differences were detected between oiled and unoiled tiles for any treatment (Table 3.3). 

Mean abundances and standard deviations for adult l:>arnacles (Semibalanus balanoides and 
Balanus glandula) resulting from recruitment in· caged, uncaged, and paint treatments are given in 
Table 3.4, as well as results ·oft-tests between oiled and unoiled tiles. Low numbers of adult 
barnacles on the tiles indicate that very few ·recruits reach adult sizes. The caged treatment had only 
one significant difference, with higher nuniber.s of adults on the oiled tiles at site 1222C compared 
to unoiled tiles. No significant differences between oiled andunoiled tiles were detected on any date 
in 1992 or 1993 for th,e uncaged treatment. For the painted treatments, site 1322X had higher 
numbers of.adults on·J)ainted tiles versus unpainted tiles in early June 1993. This difference was 
between only 2.3 and 0.7 individuals and they had all died on· the painted tiles by August. 

Chthamalus dalli barnacle densities are shown in Table' 3.5 for 1992 and 1993. C. dalli 
densities were low on control.quad~its in 1992 and were absent from most tiles in ·1993. Site 1322X 
was the only site to show 'signific~t differences between oiled and unoiled tiles for any treatment. 
Three of the four instances were fof caged treatments, with higher numbers on oiled tiles compared 
to unoiled tiles. On uncaged tiles,, site 1322X showed higher numbers on unoiled tiles during one 
sampling date. No significant differences were detected between oiled and unoiled tiles from the 
paint treatment. 

Very few Fucus g~rmlings were detected on most site tiles for any treatment in 1991 (Table 
3.6). The exception w·as on caged tiles on sites 1221X, 1723X, and 1723C in late August. The only 
significant difference between unoiled and oiled tiles in 1991 was for higher densities of Fucus 
germlings on unoiled cag~d tiles on site 1723C in August. Again, in 1992 and 1993 there were very 
few Fucus germling recruits onto uncaged or painted tiles on any site . .There were recruits onto both 
·oiled and unoiled caged tiles. For caged treatments, there were significantly more Fucus germlings 
on unoiled tiles on sites 1723C'in June 1992, 1723Xin early July 1992, and 1221C in August 1992. 
All other t-tests in 1992.~d all t -tests in 1993 between unoiled; and oiled tiles revealed no significant 
differences with p < 0.05:. Overall, Fucus germlings occurred in sigfiificantly greater densities in 
caged than uncaged treat~ents (p 0.05, Kruskal-Wallis ANOVA). 

Fucus plants that :Were.germlings in previous years and had'survived to adult sizes (>2 em) 
by 1993, were analyzed as Fucus adults (Table 3.7). Except for a few plants, Fucus adults were only 
detected on unoiled caged tile&. Densities were higher on caged unoiled tiles compared to oiled tiles 
on five of six sites, although none were statistically significant at p < 0.05. For all sites combined, 
there were significantly rriore Eucus plants on caged than uncaged, clean tiles (Mann-Whitney U -test, 
p = .001). Caging effects were not tested for oiled tiles because there were essentially no plants on 
the oiled tiles. As higher densities of Fucus germlings and ad4lts occurred on caged, unoiled tiles, 
the cages either facilitated recruitment and survival or were effective at excluding grazers. 
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Percent algal cover was significantly different between unoiled and oiled tiles only once for 
any treatment or any site in 1992 or 1993 (Table 3.8). However, in contrast to Fucus germlings and 
adults, percent algal cover was significantly higher on uncaged than caged unoiled tiles in 1992 (p 
< 0.05, ANOVA). By 1993, percent cover on uncaged tiles had fallen substantially compared to 
1992. 

To look at differences in Fucus and invertebrate recruitment and density between oiled and 
unoiled tiles across all sites, ANOV As were performed and mean densities are plotted in Figures 
3.25-3.29 for invertebrates and Fucus. To increase N for a given treatment, all sites were combined 
for these analyses. Figure 3.25 shows a settlement of barnacles in late summer 1991 and low 
recruitment in 1992 and 1993 on both oiled and unoiled tiles. The settlement of barnacles that 
occurred in 1993 on control sites from the vertical rock face study described above was not seen on 
tiles from any treatment. Few of the barnacles that settled onto tiles in 1991 survived to adulthood 
(Figure 3.26). No significant differences were found between adult barnacle densities on unoiled 
tiles versus oiled tiles on any date. There were significantly more barnacles on caged than uncaged, 
oiled tiles (Mann-Whitney U-test, p = .001). This difference did not occur on unoiled tiles 
(Mann-Whitney U-test, p = .17). Similarly, Chthamalus dalli showed significant differences only 
twice, with higher numbers on caged oiled tiles compared to caged unoiled tiles in 1992 (Figure 
3.27). For caging effects, there were significantly more C. dalli on uncaged than caged, clean tiles 
(Mann-Whitney U-test, p = .001) but there was no difference between oiled tiles in caged and 
uncaged treatments (Mann-Whitney U-test, p = .15). Caging resulted in higher S. balanoides and 
B. glandula densities on oiled tiles and lower C. dalli densities on clean tiles and no differences for 
the other two treatment combinations. Therefore, the role of grazers in determining barnacle 
densities, if any, is not differentiated in this experiment. The fact that most recruitment and highest 
adult barnacle densities occurred at two of the oiled sites (Tables 3.3-3.5) supports the need to 
evaluate currents at oiled and control sites. 

Fucus germling densities were higher in 1992 than in 1991 and 1993 (Figure 3.28). Densities 
were significantly higher on unoiled tiles compared to oiled tiles for uncaged treatments in late 
summer of 1991 and 1992and for caged treatments in late summer 1991 and mid-summer in 1992. 
Fucus germling densities were low in 1993 on all treatments and no significant differences were 
detected between oiled and unoiled tiles. Percent algal cover was also highest for most treatments 
in 1992 compared to 1991 and 1993, especially on unoiled tiles (Figure 3.29). For uncaged tiles, 
percent algal cover was significantly higher on unoiled tiles in June of 1992 and both sampling dates 
in 1993. For caged treatments, algal cover was significantly greater in June and July 1992 and June 
1993. Additionally, unpainted tiles had higher percent algal cover than painted tiles on one date 
each in 1991 and 1992 (Fig. 3.29). 

The densities of grazers (limpets and the periwinkles Littorina sitkana and L. scutulata) were 
significantly higher on unoiled, uncaged tiles in late summer of 1991 and throughout the summer 
of 1992 compared to oiled, uncaged tiles (Figure 3.30). Caged tiles showed higher densities of 
grazers on unoiled tiles throughout the summer of 1992. No significant differences were detected 
between oiled and unoiled tiles in 1993 for either caged or uncaged treatments. For the paint 
treatment, grazer densities were higher on unpainted tiles in 1993. No significant differences were 
detected in 1991 and 1992. Caging effects were not detected. Grazer densities increased over time 
and stabilized at about three per tile. Given limpet foraging requirements, tile size may have been 
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limiting and both Fucus germlings and percent algal cover declined in 1993. 

CORRELATIONS BETWEEN GRAZERS AND FUCUS PERCENT COVER 

Total limpets, Lottia pelta, Tectura persona, and Littorina sitkana abundances from.the 
Population Dynamics site quadrats were regressed on Fucus percent cover (Chapter 2: Tables 3.9, 
3.1 0). Shelter~d rocky ().n~ coarse textured habitat data for control sites only were analyzed (Table 
3.9) to obtain results not confounded by any oiling·effects .. Control- and oiled-site data were then 
combined (Table 3.10) to increase the sample size.for'the.analyses. The data used were'from 1993, 
1994, and 1995 because they were entered into the database by quadrat number, not just MVD. 

For both habitat types at control sites only (Table 3.9); L. sitkana abundances at MVDs 1 and 
2 were positively correlated with Fucus cover. Conversely, L. pelta was negatively correlated with 
Fucus cover at MVD 3 in sheltered. rocky habitat: For·both oileq~ and control-quadrat data combined 
(Table 3.10), total limpets~ L. pelta and L. sitkana were correlated with Fucus cover at MVD 1 of 
sheltered.rocky habitat.• L..:pelta ~emained negatively correlated with Fucus at MVD 3:· For coarse 
textured habitat, tll~·ortly significant relationships Wyre at MVD 3, where L. pelta was positively 
correlated with Pucils a~d T. pe,rsonil was negatively correlated with Fucus. With the possible 
exception of MyP 1 in,: sh¢1t~red 'roc~y habitat, the ~ontradictory results and low. R2

: :values d9 not 
provide convincing· evidence that th~' distribution of.:selected invert~brate grazers· is strongly 
dependent upon Fucus.<;over. 

FUCUS AS INFRASTRUC.TURE ANP PROTECTION FOR lNVER:rEBRATES 

Figures 3.31-3.34 show correlations between: invertebrate densities per Fucus plant weight 
and calcium sulphate dissolution rates. Plants were collected· in May 1995 from most sites ( unoiled) 
shown in Figure3.2 where.calcium dissolution rate measur~ments were made (described in a later 
section). Litto'rina sitkanq density was negatively correlated with calcium sulphate dissolution rate 
at MVD 1.5 (Figure 3.31~~:. I :At MYDs 0.5 and 2.5, the negative slope was not significantly different 
' " ' I I . 

from a slope of zero. For two other grazing invertebrates,· L. scutulata and Lottia pelta, there was 
po significant corteJation Qetween density and dissolution rate (Figures 3.32 and 3.33, respectively). 
However, at all MVDs for:~ot~ organisms, the regression lines had negative slopes. For.Mytilus 
trossulus, which .attaches byssal threads directly to Fucus pl~ts, the regression slopes were positive 
but not signifitantly different from zero (Figure 3.34). Tho~gh only one regression was significant 

i I 

for the gastropods,. the unifprmly:negative slopes raise the possibility thatthis group can only attach 
weakly to Fucus plants .and wo~ld therefore be less abundant on plants in areas of higher water 
motion. 

In response to the removal of Fucus canopy, L. sitkana living underneath the Fucus canopy 
declined significantly in abundance over time (p = 0.000; Table 3.11 ), and this effect was most 
obvious at the protected :site wQ.ere this snail was most abundant (Figure 3 .35). Statistical differences 
were detected between sites (Table 3.11) but not between tidal levels. L. sitkana densities remained 
much lower than initial' densities through the last sampling date·two months after Fucus removal. 
In contrast, L. scutulata densities tended to decline initially when Fucus was removed (p < 0.05) but 
recovered at MvD 0.5 to near. initial densities at the protected site within two months (Fig. 3.36). 
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Recovery at the exposed site occurred within one month at MVD 0.5 and within two months at MVD 
2.5. The increases for this species may be due to recruitment and growth occurring over the summer 
months. 

In general, both Lottia pelta and Tectura persona declined immediately after the removal of 
Fucus canopy (Figures 3.37 and 3.38). After one month, L. pelta densities had returned to original 
levels. L. pelta was most abundant in the mid zone but hardly present in the low zone for all three 
degrees of exposure. In most instances, densities increased again after one month. For T. persona, 
after an initial increase in density at MVD 1.5 at exposed and protected sites, densities for all catego­
ries declined and did not recover during the experimental period. 

FILAMENTOUS ALGAE 

Appendix tables C.48 and C.49 list site means and statistical results for matched pair 
comparisons of filamentous algal percent cover and for combined p-values across all site pairs. 
Figures 3.39 and 3.40 summarize the trends for filamentous algal cover on individual site pairs at 
each MVD for 1993 and 1994, respectively. At all six sites, the percent cover of filamentous algae 
was very low in the upper intertidal (MVD 1) for all visits in 1993 and 1994. The highest average 
percent cover generally occurred at MVDs 3 and 3.5. The data at all MVDs are highly variable, 
emphasizing the patchy distribution of filamentous algae in the intertidal. The general trend 
observed at MVDs 2, 3, and 3.5 was toward higher percent cover of filamentous algae on the oiled 
site of each pair. During all visits in 1993 and 1994, all but one statistically significant difference 
indicated higher percent cover of filamentous algae on the oiled site of the pair. 

Table 3.12 shows the statistical results of Fisher's test for combining p-values across all three 
site pairs. Statistical significance for the combined p-values are shown by an open circle when 
percent cover is higher on control sites and with a black circle when higher on oiled sites (p < 0.05). 
At MVD 1, statistical significance was detected on only one date, with higher percent cover on oiled 
sites in May 1994. At MVD 2, statistical significance was detected for four of seven sampling dates 
with percent cover higher on oiled sites. At MVD 3, statistical significance was detected on six of 
seven sampling dates with percent cover higher on oiled sites in all cases. At MVD 3.5, percent 
cover was significantly higher on oiled sites in July and September 1993 but, conversely, was 
significantly higher on control sites in June 1994. 

In an attempt to determine the number of mussels that had settled onto filamentous algae at 
each site, collections were made adjacent to each algal percent cover quadrat. Where the percent 
cover of filamentous algae was very low, such as in MVD 1 at most sites, collections were not 
possible. Consequently, the numbers of collections were too few to perform statistical analyses in 
many instances (Appendix tables C.50-C.51 ). Due to high variability and low sample numbers, few 
statistical differences between oiled and control sites occurred, although oiled sites had higher 
absolute numbers of mussels in the majority of site pair comparisons. Figures 3.41 and 3.42 
illustrate the trends for mussel densities in filamentous algae at each matched site pair for all MVDs 
in 1993 and 1994, respectively. Higher numbers of mussels occurred later in the summer compared 
to the first visit each year (note vertical scale changes in Figures 3.41 and 3.42). 

When individual p-values from each site pair are combined using Fisher's method for 
combining p-values (Table 3.12), statistical significance occurred only twice at MVD 2. In May 
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1994, mussel densities were higher at control sites but in September 1994, densities were higher at 
· oiled sites. For MVD 3, mussel densities were higher at oiled sites on only one date, May 1994. For 
MVD 3.5, mussel densities were higher on oiled sites on two occasions, June and August, 1994. 

Mussels were less dense and tended to be larger (> 1 mm) during the earliest sampling date 
in each year compared to later in the summer (Figures 3.43-3.48). Note the change in the y-axis 
scales for each sampling date. In 1993 (Figures 3.43, 3.45, 3.47), a settlement of mussels occurred 
between the June and July sampling dates, with higher total mussel density and more small ( < 0.5 
mm) mussels occurring on the later date. In 1994 (Figures 3.44, ·3.46, 3.48), strong se~tlement 
occurred between the May and late June sampling dates, with higher densities and a higher 
percentage of< 0.5 mm mussels occurring in the June sample. The recruits grew into larger size 
classes by August and September. 

Parametric statistical comparisons were not made between. years·because of somewhat 
different collecting methods and the low number of samples. in 1993. However, the mean densities 
per MVD per year were greater at each oiled site in 1994 than 1993 (Mann-Whitney U -test, p=O. 014 
for all three sites). Mussel densities at control sites were not significantly greater in 1994 than 1993 
(Mann-Whitney U-test; p=QJ)57 for sites MB 1 and MB2, p=O.lO for site 1522). The increased 
recruitment at oiled sites could be taken as evidence of recovery but it cannot be distinguished from 
interannual variability. :Unfortunately, data are not available for 1995 because this experiment was 
terminated due to budget <;onstraints. i ~ 

MUSSEL SIZE-FREQUENCY DISTRIBUTIONS 

Mussel abundances and size frequency distributions varied over time within sites and in some 
cases were significantly different between matched sites. Mussel size frequency distributions, 
plotted in 2 mm incremental size categories for mussels collected within the mussel band on three 
oiled and three control sites between)une 1993 and May 1995, are shown in Figures 3.49-3.54. The 
data plotted ~e thoseianaiyzed with K-S statistics for cumulative frequency discussed below (Figures 
3.55-3.57). For those analyses, the sutn of all mussels in each size class across the site quadrats were 
used so the data present~d in Figures3.49-3.54 are for 0.4 m2 (sum of four 0.1 m2 quadrats). High 
variability in mussel densities between sampling dates made it difficult to keep they-axes consistent 
for all graphs on a page. An attempt was made to at least keep the range similar· within a calendar 
year, although detail is lost in some graphs. 

At site MB 1, :mussel recruitment is indicated by high abundances of small ( < 2 mm) mussels 
. in the spring off all three years (:JFigure 3.49). Small mussels were found in very high *umbers in fall 

1994, indicating that a settlement had .occurred after the spring sampling period. ·A similar. pattern 
occurred for the matched, site MB 1 C '(Figure 3.50), although the abundances of smaUmussels were 
lower. By May 199~, on both sites, very few mussels larger than 8 to lOmm were found, ii!dicating 
mortality of older mussels. At.site MB2, high numbers of small mussels were fou~d spii~g 1993 
and 1994 but not 1995 (Figure 3.51). Again the highest density of small mussels w~s.forind in the 
fall of 1994. Like site MB2, site MB2C showed high proportions of< 2 mm mussels in ~he spring 
censuses (Figure 3.52). Although densities were low in spring 1994, subsequen(re¢mitment 
occurred with a high density of< 2 mm individuals present in September. Again, By,·l\tl~y! 1995 at 
both MB2 and MB2C, very few mussels> 8 to 10 mm were found. Sites 1522 and' 1522C had 
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size-frequency distributions similar to the other site pairs except very weak recruitment in spring 
1994 but, again, late recruitment resulted in high numbers of < 2 mm individuals by September 
(Figs. 3.53 and 3.54, respectively). Sites 1522 and 1522C both showed a more even distribution of 
mussel sizes in May 1995 than any of the other four sites. 

Mussel size-frequency distribution data from four quadrats combined per site (Figures 
3.49-3.54) were converted to percentages and replotted as cumulative curves in Figures 3.55-3.57 
with comparisons between oiled and control sites shown asp-values based on non-parametric K-S 
comparison of the cumulative frequency data with maximum difference from randomized 
distributions repeated 5000 times (See Methods). Combining quadrats may reduce independence 
of the data so conversion to percentages and a randomization process were used. For site pair 
MB liMB 1 C, statistically significant differences between the oiled and control sites occurred only 
during the May 1994 sampling date, where the oiled site had a much higher proportion of small 
mussels (Figure 3 .55). The curves for September 1994 and May 1995 illustrate the high percentage 
of small mussels relative to the rest of the size categories on both the oiled and control sites. 

For site pair MB21MB2C, statistically significant differences were shown on three sampling 
dates, in June and September 1993 and in May 1995 (Figure3.56). For the 1993 sample dates, there 
were higher proportions of smaller mussels on the oiled site compared to the control site (the oiled 
site curve tended towards a cumulative frequency of 1.0 at smaller lengths). While the curve for 
MB2 in May 1995 also approached 1 at a smaller mussel length than MB2C, the four smallest size 
categories accounted for over 80% of the sample so that the control curve initially overlies the oiled 
curve. 

Site pair 1522/1522C had very similar cumulative frequency curves on the oiled and control 
sites on three of the five sampling dates (Fig. 3.57). The only statistically significant difference 
occurred in May 1994, with a higher proportion of small mussels on the oiled site. 

Many of the differences in size distributions of mussels, whether comparing oiled and control 
sites or a given site on different dates, can be attributed to differences in recruitment. Figure 3.58 
displays the mean size of mussels for each site pair across time. This figure more easily illustrates 
the differences in the cumulative size frequency diagrams (Figures 3.55-3.57), in which the oiled site 
curve overlies the control site curve in most cases, indicating smaller mussels at the oiled site. As 
stated in the methods section, mussels < 1.0 mm length were not measured but were categorized as 
"< 1 mm." This creates a problem for calculating average length on a site. One solution would be 
to give a length to all of these mussels, such as 1.0 mm, and calculate mean length for each site based 
on this assumption. However, we decided to calculate mean length without these very young 
mussels to give a better indication of mussel size of the mature bed. The exclusion of mussels < 
1 mm reduces the differences shown for oiled versus control sites in most cases, because there were 
higher numbers of small mussels on the oiled sites. The most obvious exceptions are for sites 1522 
and MB1 in September 1993 (Figures 3.55, 3.57, 3.58), in which mean length was higher on the 
oiled site. Mussels were significantly larger at MB2C than MB2 on both sampling dates in 1993 and 
again in May 1995. The only significant differences for the other two site pairs occurred in May 
1994. One explanation of the tendency for oiled sites to have smaller mussels is that the oiled sites 
are still in the recovery phase and that many of the mussels present have either recruited recently or 
have not yet grown to a size expected at an undisturbed site. An alternative explanation is that there 
is higher water flow at the oiled sites and they, therefore, have higher mussel recruitment rates and 
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a younger average age than mussels at control sites. 
Mean densities and standard errors are. shown for each site in Figure 3.59, including all 

mussels and only those mussels > 2 mm. One-way ANOV A's on > 2 mm mussels for each site 
across all five sampling dates indicate statistically significant (p < 0.05) differences between 
sampling dates for sites 1522, 1522C, and MBlC. T-tests (a posteriori) performed between each 
sampling date showed that the ANOV A results for site 1522 were due to differences between 
September 1993 and September 1994 and between September 1994 and May 1995. For site 1522C, 
statistical differences occurred between May 1995 and all other sampling dates except for May 1994. 

· At site MB 1 C, significant differences occ.urred between ~eptember 1994 and all other· sampling 
dates, and between May 1995 and all sa,mpling dates except September 1993. In all three cases 
where the one-way ANOVA for a site across time was significant, the density for the May 1995 
sampling date accounted for some of that· difference. Although the one-way ANOV A was not 
significant for all sites across time, the May 1995 sampling date always had the. smallest mean 
density of> 2 mm mussels compared to allot)ler dates. WQ.en all mussels, including those < 2 mm, 
are included, every site except MB:1 .had the lowest density in May 1995 compared to all earlier 
dates. By including the mussels < 2 mm in the ·one-way ANOV As for each site across time, site 
MB 1 also has significant differences between sample dates. 

The mean mussel densities over the five. sampling dates for the oiled sites MB1, MB2 and. 
1522 were approximately 10,000, 30;0bO,a:nd 19,000, respectively, whereas the means for control 
sites MB 1 C, MB2C and 1522C were fi.pproximately 4,000, 10,000 and 7 ,000, respectively. Mussel 
densities were significantly greater at MB 1 than MB 1 C (Mann-Whitney U -test, p < .05) but densities 
were not higher at MB2.or 1522 than MB2C or 1522C, p =.075 and p = .111, respectively. 
However, it appears thatthe May W95 collections preceded mussel recruitment activity that year. 
If May 1995 samples ~e fexcluded from the analyses, then mussel densities are significantly greater 
at oiled sites MB1 (p < ,p3), MB2 (p = .. ,014) and 1522 (p < .03) than their matched control sites. 

The mussel recruitment and density data, taken as a whole, support our hypothesis that there 
is greater water flow and, ·hence, greater recruitment potential at oiled sites than control sites. 

TAGGED/CAGED MUSSELS 

To further explore. the similarities and differences between matched oiled and control sites, 
growth rates of mussels were compared. Table 3.13 presents seasonal growth in length for each 
summer and winter from spring 1993 to fall 1995. Stress from the initial handling necessary in 
tagging the mussels may account for the low growth rates of mussels in the summer of 1993. 
Growth over the third summer was also low compared to the second summer and to winter growth 
in most cases. Winter growth incorporates a longer period of time (8 to 9 months) compared to 
summer growth (3 to 4 months) due to the timing of our sampling trips. This study was not designed 
to compare growth rates of mussels over a wide size range. During a similar study in Kachemak. Bay 
(Highsmith and Saupe 1996); it was noted that mid-sized mussels (10 to 20 mm) grew faster than 
small mussels or large mussels, although small mussels had higher growth rates relative to their body 
length. Increased mussel sizes over the length of the experiment may account for the slowed growth 
rates by fall1994 and continuing through the final summer of the experiment.. There was often high 
mortality of mussels between visits as indicated by the decreasing number of mussels measured from 
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each site. The stress from repeated collections may account for some of the mortality. To reduce 
handling stress, direct tagging of mussels within the mussel bed was attempted. fu most cases, it was 
not possible to obtain accurate length measurements, because the mussels were too tightly packed 
to allow use of calipers. Consequently, we tagged mussels along the edges of beds, resulting in 
extremely low recovery rates, even with just one month between data collection visits. 

Mussel growth rates from spring 1993 to spring 1994 were generally lower than growth rates 
from spring 1994 to spring 1995 (Table 3.14 ), a result of the low growth rates in the summer of 1993 
(Table 3.13). Growth rates were higher in winter 1993-94 than winter 1994-95 which counteracts 
the summer difference somewhat. Statistical differences in year one were detected only between the 
oiled and control sites of matched pair MB2/MB2C, with higher growth rates detected on the oiled 
site. Again in year two, higher growth rates were detected at MB2 but higher growth rates occurred 
at control site 1522C than 1522. The same results were obtained for total growth over the entire 
length ofthe study, from June 1993 until August 1995. Note that the number of mussels available 
for measurement and statistical analyses decreased over time due to mortality. 

To test for caging effects, calcium sulphate dissolution cylinders were placed adjacent to each 
other in the intertidal in areas representing a wide range of flow rates. One cylinder was caged and 
the other uncaged. Results revealed 4.94 ± 2.71 % (n = 6) less dissolution for caged cylinders. The 
reduced dissolutions for cylinders in cages occurred for both oiled and control sites and may have 
slightly reduced the volume of water, and thus particulates, that flowed past each mussel. 

WATER CIRCULATION STUDIES 

For the calcium sulphate dissolution cylinders placed 1.0 MVD below MHHW at 33 
locations within Herring Bay (Figure 3.2), dissolution rates tended to be highest near the mouth of 
Herring Bay and lowest near the head of the bay except for site PP where tidal currents passing 
through a narrow passage are accelerated (Figure 3.60). These data were used for correlations of 
Fucus growth data presented in Chapter 2 and for selecting sites for the Fucus canopy removal 
experiment (this chapter). Most of the control sites for the Herring Bay experimental studies are 
located on the eastern side of Herring Bay near the head, where oil did not penetrate. Oiled sites are 
located either toward the mouth of the bay or on the western side of the Bay. Although the actual 
dissolution rates varied depending on the tidal series during which the calcium sulphate cylinders 
were deployed, the general trends were similar around Herring Bay in August 1993 and June and 
September 1994. 

Deployments were made several times throughout the 1993, 1994, and 1995 field seasons 
on the site pairs MB1/MB1C, MB2/MB2C, and 1522/1522C (Figures 3.61 and 3.62). Appendix 
tables C. 52 and C.53 include mean dissolution data for each site and for overall sites within the oil 
and control categories along with statistical results. The first deployment on these sites was at the 
end of a spring tide series in early June 1993. The flux rates measured during this time period were 
the lowest measured for all deployments. Most subsequent deployments were made closer to the 
mid-points of the tidal series and had higher dissolution rates. In general, flux was higher on oiled 
sites with the exception of site pair MB liMB 1 C. When all site pair p-values are combined for a 
given data set, dissolution was significantly higher on oiled sites compared to control sites on all 
eight sampling dates from 1993 through 1995 (Appendix Tables C.52 and C.53). 
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The differences in dissolution rates were probably underestimated. Surface area available 
for dissolution is a function of the radius of the cylinder, which decreases as calcium sulphate mass 
decreases. Thus, on sites where dissolution rates are greatest, the radius is decreasing at a faster rate 
than on sites with lower dissolution rates. This results in a smaller surface area from which 
dissolution can occur and a decreasing rate of weight loss. The higher dissolution rates at oiled sites 
and near the mouth.of the bay are probably due to differences in tidal currents and possibly some 
limited difference in wave action. · 

BARNACLE RECRUITMENT 

T -tests performed on the data collected for barnacle recruitment and succession on three oiled 
sites ·showed few statistical differences across time within a treatment or between treatments. 
However, presented here are the trends found for adult Chthamalus dalli, adult Semibalanus 
balanoides + Balanus glandula, and juveniles across time. Statistical significance is noted as 
asterisks in Figures 3.63-3.71. 

Means and standard errors for Chthamalus dalli abundances in 10 x 10 em plots for sites 
1522, BP, and Kiska (Figure3.1) are included in Figures 3.63-3.65, respectively. On all three sites 
and most MVDs, the scraped plots show increases from zero adult C. dalli to numbers equaling those 
on unscraped plots by the end of the:sampling period in 1995. After the first summer, the curves for 
scraped and unscraped plots tended to follow the same general trends. fu other words, the major 
decreases or increases from visit t~ visit occur on both scraped and unscraped plots, although the 
magnitudes may vary. A major increa'se in adult C. dalli appeared on sites BP and Kiska in 1995 
and will be discussed below. Site: 1522 shows a general decrease in C. dalli populations of the 
unscraped plots over time. However, the other two sites do not mirror this trend. T -tests performed 
between: scraped and unscraped C. dalli data revealed no statistically significant differences on any 
MVD, date, or site. 

The total numbers of adult Semibalanus balanoides and Balanus glandula (S. balanoides+ 
B. glandula) were generally low compared to adult Chthamalus dalli on both scraped and unscraped 
plots (Figures 3.66-3.68), with the exception of site 1522. Adult S. balanoides +B. glandula 
tended to be somewhat more abundant in the higher intertidal (MVDs 0.5 and 1.0) than at MVD 1.5 
at all three sites in 1993, 1994, anq 1995 in unscraped plots. On scraped plots, abundances oftQ.e 
S. balanoides+ B. glandula group ~ere low in 1994, one year after removal of barnacles,· The ploFs 
were initially scraped in June 199~ a~d very few recruits arrived over the summer (data discuss~d 
below). Thus, by.May 1994 there were few adults in the scraped.plots. However, a few adults were 

I 

counted on scraped plots on each site in May 1994 and may have represented late-settling spat that 
grew enough over the winter to be excluded as juveniles in the subsequent count. By 1995, S. 
balanoides +B. glandula densities on scraped plots were very similar to those on unscraped plots. 

JuvenileS. balanoides+ B. glandula (referred to subsequently as juveniles) abundance values 
are shown for each sampling date for sites 1522, BP, and Kiska in Figures 3.69-3.71, respectively. 
There was a wide time frame in which barnacle spat settled into the intertidal, depending on the.ye,ar 
examined. fu 1993, high numbers of juveniles occurred only on site 1522 and were more abundant 
during the June sampling date, indicating that settlement had occurred prior to June. Persb~al 
observations made during the summer of 1993 failed to detect the usual "whitewash" of barnacle :spat 
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that was noted in previous years on the rocky shorelines. The data suggest that, except for site 1522, 
relatively poor recruitment success or high mortality occurred immediately following settlement in 
1993. Recruitment apparently occurred on scraped plots after August, as higher numbers of adult 
S. balanoides +B. glandula were found in May 1994 than juveniles in 1993 on corresponding plots. 
In 1994,juveniles generally increased in abundance between the June and August visits on sites 1522 
and Kiska, especially on the scraped plots where space availability was greater. However, at MVD 
0.5 on site BP, barnacles decreased in abundance over the summer on the scraped plots. Conversely, 
abundance increased on the unscraped plots at MVD 0.5. Juvenile densities also decreased on the 
unscraped plots at MVD 1.5, although the numbers can be attributed to high recruitment on only one 
out of four plots (as evidenced by the high variability, Figure 3.70). There may be both extended 
recruitment and continual mortality occurring throughout the summer. In 1995,juvenile densities 
were fairly high in June on all sites and most MVDs. However, mortality had occurred over the 
summer reducing densities by late August. 

In August 1994, recruitment of very small C. dalli juveniles was observed and they were 
counted separately from other barnacle juveniles in August and again in September 1994 (Fig. 372). 
Many spat were barely visible to the eye and so were counted using a magnifying glass. Site BP had 
the highest spat density and site 1522 had the least settlement. Mortality was observed in most cases 
between August and September. In view of the very high numbers of C. dalli adults counted in 
May 1995 on sites BP and Kiska (Figures 3.63-3.65), the barnacle juveniles were significantly 
undercounted or additional recruitment occurred after the first week in September. 

DISCUSSION 

The patterns of injury and recovery from the Exxon Valdez oil spill for the various 
invertebrates monitored during the Herring Bay studies varied with habitat type (sheltered rocky or 
coarse textured), tidal height and time. Although the effects on invertebrates in Herring Bay were 
variable, there are patterns in the data demonstrating that some populations have been reduced and 
recovery remains incomplete. 

The oiled study sites in Herring Bay continued to show an oiVtreatment effect for Tectura 
persona in the upper intertidal zone. Reduced T. persona densities were found at oiled sites relative 
to unoiled sites in the high intertidal as late as 1995 at sheltered rocky sites and in both the high and 
mid-intertidal at coarse textured sites. T. persona is a high intertidal grazer, utilizing thin films of 
microalgae and diatoms (Castenholz 1961; Nicotri 1977). The oiling and subsequent clean-up were 
especially damaging to upper regions of the intertidal, reducing or eliminating most species. In 
addition, with the loss of Fucus canopy immediately following the spill, any T. persona moving or 
recruiting into the upper intertidal may have been susceptible to desiccation stress or predation. 
Although no significant correlation was detected between Fucus percent cover and T. persona 
abundance for the sheltered rocky population dynamics quadrats, T. persona densities in the high 
intertidal declined immediately following the removal of Fucus canopy during the Fucus removal 
experiment. Repopulation of the quadrats had not occurred by the last sampling period, two months 
after Fucus removal. As discussed In Chapter 2, a high zone population dynamics study was 
conducted to determine if shoreline aspect affected the recovery rates of Fucus, especially in the high 
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intertidal. T. persona densities were also determined. Significant differences in Fucus percent cover 
and in T. persona abundances were detected in the high intertidal ( <0.5 MVD) on east and southeast 
facing shorelines, with higher abundances found on the control shorelines. 

Lottia pelta, another intertidal limpet which tends to be more abundant at lower tide levels 
than T. persona, also continued to show statistically higher densities in the low intertidal at control 
sites in sheltered rocky habitat as late as 1995. On coarse textured sites, higher numbers were found 
on oiled sites in the lower intertidal. Gilfillan et al. (1993) reported that L. pelta was significantly 
more abundant in the upper intertidal at reference sites compared to 'lightly oiled shorelines in shel­
tered and exposed·bedrock.habitats immediately following the oil spill, but results varied on more 
heavily oiled sites. They reported no statistical differences among oiling levels. 

L. pelta has shown increas~s in densities qver time at both oiled ~d control sites within 
Herring Bay, and at CHIA site~. Correlations showed significantielationships between L. pelta 
densities and Fucus percent cover a,t oiled and, control .sites in sheltered rqcky and coarse textured 
habitat, although results were mixed for different tidal heights. At sheltered rocky habitats, L. pelta 
densities correlated positively with Fucus percent cover in the upper intertidal but the r~lationship 
was negative at lower MVDs. In th~ upper intertidal, L. pel(a is Ukely to rely heavily on Fucus for 
shelter from desiccation and avian predation than at lower tidalleyels where other algal species are 
more abundant and exposure times :are less. At coarse textured sites, conversely~ L. pelta densities 

' ' ,, 

correlated significantly with FZ!:cus cover at MVD 3. Percent cover of Fucus was low in the upper. 
intertidal at coarse textured sites. · 

One focus of the population dynamics studies was the hypqthesis ~hat invertebrates lacking 
disp~rsal phases in their life histories, such as Littorina sitkana, · Nucel~a spp., and Leptasterias 
hexactis would take longer to recover on oiled sites because of reduced ~dl;llt densities at these sites. 
Of the four species investigated, only L. sitkana occurred in sufficiently high numbers for statistical 

·: · analyses of differences between oiled and control sites. This intert~dal gr~er was significantly more 
abundant at control sites than oiled sites as late as 1995 in sheltered rocky locations. For coarse 
textured habitat, however; higher :p.U;mbers of L. sitkana were detected at oiled sites on several 
sampling dates after 1991.:: Although 'significant differences were found l;>etween oiled and control 
sites, L. sitkana densities appeared to Increase over time at both shelter~d tocky and coarse textured 
habitats. 

Several studies hav:~ shown immediate declines in Littorina spp. densities following oil spills 
and various cleanup actions :~Chasse l978, Southward and Southward 1978, Nelson 1982, Houghton 
et. al. 1993, De Vogelaere ;and Foster 1994, Highsmith et. al. 1994), while others bave found no 
apparent effects (Thomas 1978, Clar~ et. al. 1978, Rolan and pallagher 1991, Gilfillan et. al. 1993). 
For most studies in whichnb injury t<;> Littorina spp. was detected, species having planktonic larvae 
and direct development witp ¢rawl-~way juveniles were lumped, ~.g7 t; scutulata and L. sitkp.na, 
respectively. Studies in whi~h species having different reprodu(;tive ~trategies were. monitored 
separately showed that the littorines with planktonic dispersal recov~red more quickly than did dir~ct 
developers (Southward and Southward 1978, Houghton et al:. 1993;, DeVogelaere and Foster 1994, 
Highsmith et al. 1994). L. sitkana, which is more spherical and;le~s streamlined than L. scutulata, 
is more abundant at wave-protected than exposed areas (Behrens 1972, Behrens-Yamada 1989, this 
study). This habitat preference would constrain gradual, non-swimming dispersal from a point 
source. 
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Population dynamics of mussels were compared between oiled and control sites in 
conjunction with water-flow estimators to evaluate potential habitat quality differences between site 
pairs as explained in the Introduction. The mean length of mussels was lower at oiled than 
non-oiled sites. Individual year-classes were not evident in the size-frequency distribution curves. 
High mortality after initial settlement, prolonged recruitment, or differential growth among 
individuals in a year-class induced by crowding and overgrowing have made separation by year-class 
impossible in other studies (Seed 1969b, Bayne and Worral11980, Wallace 1980, Kautsky 1982). 
The present study found high densities of small, < 2 mm, mussels in both spring and fall collections 
indicating that either direct settlement into the mussel band is occurring more than once per year 
(Suchanek 1978), spring settlement is from over-wintering stocks on filamentous algae (Seed 1969a), 
or many of the newly settled mussels form a pool of competitively suppressed non-growing 
individuals that remain small until the death of already established mussels (Kautsky 1982). Overall, 
the mussel recruitment and density data support the contention that higher recruitment potential, 
probably due to higher water flow, exists at the oiled study sites. 

In May 1995, the total numbers of mussels on each site were generally the lowest found 
across all sampling dates indicating high mortality rates for the large numbers of mussels counted 
in September 1994. Site notes made by the sampling crews in May 1995 describe a dramatic 
difference in the appearance of the mussel beds compared to all prior visits. Where there had 
previously been dense bands of mussels composed of a wide range of shell sizes, there was bare 
space with mussels restricted mainly to cracks in the substrate. In addition, nearby pocket beaches 
and depressions in the bedrock were filled with empty mussel shells. Although high numbers of 
Nucella were not observed on the study sites in May 1995, many of the empty shells had Nucella 
drill holes in them. At nearby sites and in other areas of Herring Bay, highly-aggregated populations 
of Nucella lamellosa were observed feeding on mussels and barnacles (Sam Stoker, pers. comm., 
our unpubl. obs.). Houghton et. al. (1993) reported that localized populations of Nucella had in­
creased dramatically on some sites from year to year, with one site increasing in density from 2.4 to 
58.4 individuals m-2 in a one year period. With larger mussels having disappeared from the study 
beds by 1995, new recruitment may not be successful due to predation, temperature stress or 
dessication. Thus, the establishment of new mussel beds or bands may depend on the recruitment 
and succession of other species first. Barnacles are often the first macrospecies to colonize open 
space, followed by mussels which are known to settle among barnacles (Navarrete and Castilla 
1990). Although the population dynamics study reported here lacked the power to detect significant 
differences in Nucella densities between oiled and control sites, Houghton et al. (1993) reported 
lower densities at oiled and treated sites than at controls following the spill. We cannot be sure of 
the cause of mortality between sampling dates at our sites but the drilled shells and Nucella 
observations made by us and other workers suggest the possibility that local aggregations of Nucella 
moved through our study sites between September 1994andMay 1995. However, given the breadth 
of the decline, winter mortality due to physical factors must have been high. 

Filamentous algae occurred most often in the lower intertidal (MVDs 3.0 and 3.5) and were 
more abundant at oiled sites during most sampling dates. Juvenile mussels attached to filamentous 
algae were also more abundant at oiled sites though differences were not often statistically 
significant due to high within site variability. The increased presence of filamentous algae at oiled 
sites may have been a residual effect of the spill. Common ephemeral species such as Cladophora 
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and Pilayella, onto which mussels recruit, were frequently observed in greater densities at oiled sites 
subsequent to the spill (Highsmith et al. 1994). Ephemeials are often viewed as indicators of a 
recent perturbation, increasing in abundance as a result of the elimination of competitive dominants 
(Lubchenco 1978, Sousa 1979). Another factor which may explain higher numbers of filamentous 
algal recruits at oiled sites was the lowered densities of herbivorous gastropods. (limpets and 
·littorines). Grazers could also mechanically remove newly settled mussels via bulldozing. Petraitis 
(1990) found that littorines play an important role in controlling mussel recruitment levels in New 
England. 

Mussel abundances in filamentous algae -increased seasonally from June to September. 
Juvenile mussels were generally> 1.0 mm in length by early summer, representing recruits from an 
early spring spawning. Similarly, mussel populations in the Pacific northwest may spawn and settle 
by late winter (Suchanek 1978). By mid summer, a secon~ recruitment pulse was evident from the 
high number of small, <1.0 mm mussels in ·filamentous algae. Initial settlement of mussel larvae 
onto filamentous algae is termed primary settlement (Bayne 1964, Seed 197 6). Secondary settlement 
occurs when, after a period of growth in the algae (Seed 1969a), the young mussels move upwards 
into the adult mussel bed through bysso~.p~lagic migration or byssus drifting (Sigurdsson et al. 1976, 
Lane et al. 1985). Mussels may undergo a· protracted 'spawning period, lasting for several months 
(Jewett et al. 1992), or may even have two or more discrete spawning periods annually (Seed 1976; 
Lowe et al. 1982), whic)?. may explain the presence of larger recruits (> 1.0 mm) in the algal samples 
collected in early summer and higlJ. densities of <1.0 mm rectuits.observed in mid~ to ~late summer. 

Other investigators have n.oted'the. presence of small, < 1.0 mm mussels in the byssus matrix 
of adult mussel beds (Petersen 1984; McGrath et al. 1988), suggesting that the primary-secondary 
settlement model is not the only mode of mussel recruitment. As :described above, <1.0 mm 
mussels were also present in adu'lt rin.lssel beds indicating tliat mussels in Herring Bay utilize both 
direct settlement and primary-secondary settlement rriethods. 

The timing and abundance o,f .newly recruited:mussels onto filamentous algae and into the 
mussel beds differed from year to.year. A dramatic increase injuvenile densities occurred between 
late May and late June 1994, when .mussel densities in filamentous algae increased from a few 
hundred to several thousand per lOx 10 cmcollection (Figures 3.41-3.48). The very high numbers 
of small mussels that recruited o.nto filamentous alg~e during the summer of 1994 were also seen 

, I ,. , 

in the mussel beds in September; indicating, that young hac;l either recruited directly or had started 
to migrate from the filamentous 1algae. Houghton et · al. (1993) also' reported large fluctuations in 
mussel abundance at their sites and patchy, interannually variable recruitment of mussels. 

Agitation by water movement induces spawning in Mytilus edulis and settlement ensues after 
' ' 

a planktonic developmental period (Seed 1969a, Suchanek 1978). Water currents are critical to the 
transport of mussel recruits from filamentous algae into adult mussel beds (Verwey 1952). Eyster 
and Pechenik (1987), in a laboratory study, reported that water agitation greatly enhanced larval 
attachment to filamentous substrata. Thus, water motion appears to be an essential factor in all 
phases of the mussel recruitment process. In the present study, filamentous algae and associated 
mussel recruits were more abundant at oiled sites, which usually had significantly greater water 
motion based upon cylinder dissolution rates (Figures 3.61 and 3.62). 

Adult densities and recruitment rates of barnacles were monitored at MVDs 0.5, 1.0, and 1.5 
over three summers on three oiled sites in Herring Bay. Throughout the study, Chthamalus dalli 
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densities were higher on unscraped plots than Semibalanus balanoides and Balanus glandula 
densities combined. Recovery of both C. dalli and the S. balanoides+ B. glandula combination 
occurred by spring 1995, with the data for scraped and unscraped plots often plotted on top of each 
other (Figures 3.63-3.68). 

Assessment of barnacle interactions, specifically between C. dalli and S. balanoides + B. 
glandula, was difficult due to the patchy or aggregated settlement of the different barnacle species. 
When barnacle cyprids settle, they seek to attach near another individual of the same species, 
resulting in species and age classes concentrating around each other in areas available for settlement. 
In our study, high variability between quadrats and sites resulted in low power and the inability to 
detect statistical differences between scraped and unscraped plots. Even within our small quadrats 
( 10 x 10 em), extreme patchiness was often evident with hundreds of individuals concentrated in a 
two or three cm2 area and either very few individuals in the rest of the quadrat or another dense 
patch of a different species occurring elsewhere in the same quadrat (personal observations). 

In studies conducted in 1991-1993 in the upper intertidal (MVD 0.5) of Herring Bay, oil had 
an initial effect on barnacle recruitment, but differences between oiled and control sites were mainly 
nonexistent by 1993. Barnacles had successfully colonized both oiled and non-oiled substrates so 
that by 1992 there were no differences in abundance of surviving adults between treatments. 
Chthamalus dalli, however, occurred in much higher densities on oiled sites than control sites 
throughout the study. However, it was not determined whether the low densities of C. dalli at 
control sites was a result of inherent differences between the sites, such as lower salinity at the 
surface near control sites, or due to the presence of superior space competitors. The high-pressure, 
hot -water washing conducted on many oiled shores created large areas of free space in the summers 
of 1989 and 1990. The high numbers of C. dalli observed on oiled sites relative to non-oiled sites 
(Houghton et. al. 1993; Highsmith et al. 1994) was most likely a result of high C. dalli larval 
abundance coinciding with this new availability of settlement space. Connell (1961) and Wethey 
(1985) reported that the congener, C. stellatus, is normally excluded from lower intertidal levels by 
the superior space competitors, Semibalanus balanoides and Balanus glandula, thus restricting adult 
Chthamalus to upper intertidal areas. C. dalli is also out competed for space by other barnacles, 
notably B. glandula, and therefore only occurs in the high intertidal (Dayton 1971, Kozloff 1983). 
C. dalli is capable of producing several broods annually, depending on prevailing environmental 
conditions (Southward and Southward 1967, Barnes 1989). S. balanoides generally releases a single 
brood each spring, to coincide with the spring phytoplankton bloom (Crisp 1954, Barnes and Barnes 
1968, Rucker 1983). Thus, the major release and settlement of B. glandula larvae takes place in the 
spring with only sporadic larval release into the early summer (Barnes and Barnes 1956). Upon 
settling into the free space provided by the hot-water washing, many of the normal sources of 
mortality for C. dalli would be absent, e.g. superior competitors, predatory snails, bulldozing limpets 
and macroalgae. Whiplash effects of macroalgae on young barnacles can be fatal (Grant 1977, 
Farrell 1989). Whiplash from adult Fucus plants would be lower on oiled sites than on control sites, 
due to reduced percent cover of this alga following the spill. 

In summary, seven summers after the oil spill, the intertidal communities of Herring Bay 
have not fully recovered, although recovery of some species has occurred. Damage from oil and 
cleaning was minimal in the low intertidal in most cases, so recovery has been rapid in that area. 
Reduced densities of the limpet Tectura persona persist in the high intertidal on both sheltered rocky 
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and coarse textured sites. Another limpet, Lottia pelta continued to have higher densities in the low 
intertidal at control sites compared to oiled sites in sheltered rocky habitat, but the. reverse was true 
at coarse textured sites. Similarly, the periwinkle Littorina sitkana had-reduced densities at oiled 
sheltered, rocky sites but higher densities op. coarse textured sites. Recovery of gastropods in the 
upper intertidal may depend on full recovery of Fucus for protection from predation and desiccation. 

The main driving force behind differences between oiled and control sites ¢roughout the 
spill region was the creation of bare substrata due to oiling and clean-up activities (Gilfillan et al. 
1995, Highsmith ~tal. 1996). fuitial recruits int.o the bare space included ephemeral algae, especially 
filamentous greens, and the barnacle Chthamalus dalli. The lower den.sities oflimpets and littorines 
at oiled sites resulted in reduced grazing pressure-on the ephemeral algae. The Herring Bay studies 
have shown that in the apsence of heavy tar, barnacles will recruit into the available bare space. The 
presence of the initial barnacle recruits enhances recruitment Of mussels, Fucus and ·additional 
barnacles. Low numbers of predatory gastropo~s, such as Nucella spp", incr~ase surv;ival rates of 
both barnacles and mussels. The presence of higher filamentous algal cover may also' enhance 
recruitment of mussels onto oiled sites. As Fucus cover increases.~ ;gastropod d,ensities rusoincrease. 
Finally, with the recovery of predators s:uch asNucellq spp., barpacle anp mussel populations may 
decrease in patches· where.: intense predation occurs.. . ... 

The successional patterns that occurred after the oil spill are· similar-tq those .. reported for 
other oil spill studi,es on rocky shores. Southward and Southward (1978) report almost complete 
disappearance of limpets, iittorines, and dogwhelks as well as mqst barnacles, followin,g;oiling and 

' ' 
treatment with dispersants after the Torrey Canyon spill. They also reported, that ~o$t ,damage 
occurred in the higJ:l intertidal. . . ! . 

Generally, l,righer dissolution rates of calcium sulphate cylinders ~ere measUJ;~d-atoiled sites 
than control ~ites. ''(l;le higher water movement past the ojled sites rriay acc9u.nt ~or t~¢ higher 
mussel recruitment an~ growth rates at oiled sites. Signifi~antlyhigher filamentous a}.gal ~pver was 
also recorded at o~led·,site.s, making the total mussel population: much greater at (;>i~e~i'.si~es. Wave 
action can suppre~s fe~ding rates of intertidal molluslcs (Brown, and quin;n: 19~8)~ ~#~rting Bay, 
mussel growth rates were highest at the oiled sites·; supporting: the .\lwotn~si~:,tD.a~ ¢V#~nt flow is 
typically greater at oiled. s~tes, resulting in differen9es in food supply, ahd, wcrui~ffiertt·r~tes. 

fujury andrecovery trend~· for several key inverteqrates; e.g. Te~tuf,a p~r:~o~b;:b~}(tia pelta, 
Littorina sitkana, and Nu~ella spp. were similar for the ~erring ~ay an~ CI4A\sp~H¢r~4f~pky sites. 
However, the differences found between oiled and control sit~s.for recr~itrn,¢tjt,~n:dlfgtq~th rates 
relative to water Jri.o.ti~n;within Herring Bay may not necessarilY, reflec~ ~iff~re~c~s:'aftci~~:fhe entire 
spill region. Alth9ugh :"intra-bay" Pifferences have b,eei1 measured for som,eiParamerer$:; ;~ll~,rring Bay 

' ' ' I " \ ' ',: ' ), ..• 

is relatively wave-:prot~cted and homogeneous compared to the entire spi~l regioA.: )lj)iff~rences in 
wave exposure b~tw~~n sheltered rocky sites were much greater ~n the ~Hlf\ st~py;th~tl occur in 
Herring Bay. Diffe~ences in mussel recruit~ent ~d gro~th rates may be e~en ~~a~7f pe~~~en oiled 
and control shorelmes throughout the entue sp1ll reg10n than was shown w1thm .:H.y_rnng Bay. 
Unfortunately, no measurements of water motion were made during the·CHIA ~~4Y.:i:.i::f!owever, 
based on the fetch and site aspect relative to the direction of predominant stqrms, site~ ,w~l'~ assigned 
an "exposure" rating. When community data were analyzed using mult~~dintep~~~~al scaling 
methods, the sheltered rocky CHIA site data were grouped acc.ording. to expq~ute i(H~g~.~puth et al. 
1994). If water circulation differences occur between oiled sites and contro~ sit'?,s/thrp~ghout the 
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spill region as they did for the study sites in Herring Bay, estimates of spill-wide injury may have 
actually been underestimated for some species. For this reason, the collection of baseline data in 
areas potentially impacted by an oil spill would be preferable to post-oil spill paired-site studies. 

The discussions above and in Chapter 2 describe injury to several key intertidal invertebrates 
and their interactions with Fucus, the major intertidal algal species in Herring Bay. In addition, 
recruitment and growth rates for Mytilus trossulus, a species damaged by the oil spill and cleanup 
activities, were shown to vary with water motion. These differences impact recovery processes on 
oiled sites and may indicate inherent differences between oiled and control sites in a post-impact 
matched pair design. An understanding of the interactions and recovery processes of the intertidal 
region is necessary for determining impacts to higher-order consumers as intertidal plants and ani­
mals provide food and shelter for a host of organisms in the nearshore ecosystem. Fish, such as 
sculpins, pricklebacks, and gunnels, and juvenile pollock utilize the intertidal zone (Highsmith et 
al. 1994 ). Intertidal algae are also used as substratum for egg deposition by herring in spring and for 
foraging and protection by some species of salmon fry. Many bird species forage in the intertidal, 
e.g. black oystercatchers, harlequin ducks, Barrow's goldeneye, common goldeneye, surf seaters, 
pigeon guillemots and gulls all feed in the intertidal to some extent. Black oystercatchers feed on 
mussels, limpets, chi tons, and crabs (Hartwick 1978, Frank 1982, Marsh 1986a, b, Sharp and Cody 
1993). Harlequin ducks feed on clams, chi tons, limpets, hermit crabs, and mussels and the Barrow's 
and common goldeneyes and surf seaters feed on mussels and snails (Patten 1993 ). Pigeon guille­
mots feed on benthic fishes commonly found in the intertidal, such as gunnels, pricklebacks and 
sculpins, and on invertebrates such as crabs and shrimps (Oakley and Kuletz 1993). Most of the 
above bird species suffered injury from the oil spill (Laing and Klosiewski 1993) with loss of 
harlequin ducks in Prince William Sound estimated at 25% of the population (Patten 1993). Day 
et al. ( 1993) reported that the bird species that failed to show clear evidence of recovery by 1993 
tended to be intertidal feeders. Intertidal mussels also contribute to the diet of river otters (Bowyer 
et al. 1993) and sea otters (Bum 1993). Bowyer et al (1993) found that otters in oiled regions had 
lower body masses, larger home ranges, and a less diverse diet than otters in unoiled areas of Prince 
William Sound in the year following the oil spilL Bum ( 1993) reported that sea otter densities de­
clined in both oiled and non-oiled regions following the oil spill and that the spill's long-term effects 
on otters will depend on the densities and contamination levels of their major prey, clams and 
mussels. Many other higher-order consumers periodically inhabit the intertidal, either scavenging 
for food or utilizing the intertidal structure for protection. Brown and black bears have been 
observed feeding on amphipods when the invertebrates occur in high concentrations on drift algae; 
Sitka black-tailed deer feed on drift algae; Northwestern crows feed on Nucella by dropping and 
cracking the shells on bedrock; ducks have been observed clearing sections of a beach of littorines; 
and the fingerlings of several species of salmon and trout can be observed at high tide hiding among 
Fucus fronds. 
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CHAPTER 4. FUCUS RESTORATION 

MichaelS. Stekoll1 and Lawrence Deyshef2 

1University of Alaska, Juneau Center School of Fisheries and Ocean Sciences. 
2Coastal Resources Associates; Inc., Vista, California 

EXECUTIVE SUMMARY 
Fucus populations in Herring Bay were severely damaged by the oil spill and subsequent clean 
up activities .. By 1993, populations in the low and mid intertidal regions .showed significant 
signs of recovery. Populations in the high intertidal, especially at sites with a southern exposure, 
showed little to no recovery at that time. Surveys performed at various locations in western 
Prince William Sound in 1994 showed that the upper boundary of Fucus populations at the oiled 
sites (2.49 m MLL W) was an average of 0.5 m lower than the upper boundary at unoiled beaches 
(2.89 m). A resurvey of the restoration study site in Herring Bay ("Weasel Beach") in May and 
August 1995 showed that the upper Fucus boundary had increased from + 1.9 m (MLL W) in 
1994 to +2.8 min 1995. ·The new 1995 level is nearly equal to the mean upper boundary for the 
control sites in the 1994 survey .. In addition, Fucus densities at the Weasel Beach restoration site 
showed a large increase in 1995. These are encouraging signs that recovery is beginning in these 
high intertidal zones. The visual appearance of the. upper 1m of the Fucus zone at the oiled 
sites, however, remains quite barren compared to the control areas. The thalli in. the oiled sites 
are very small and densities are relatively low. Full recovery should occur when the(se.newly 
recruited thalli become reproductively mature and provide a source of embryos in this· r~gion. 
Reproductive maturity for these new thalli will be reached in approximately 2 years .. ·· · 

Restoration of severely damaged intertidal Fucus populations was tested on a small scale 
at a heavily oiled rocky intertidal site in Herring Bay, Prince William Sound. Experiments 
employed two types ofbiodegradable erosion control fabric mats to act as a substrate for Fucus 
germlings and to protect gennlings from heat and desiccation stress. A series of plot~ using mats 
made with jute fabric was initiated in 1992, and a more resilient coconut-fiber fabric was tested 
in June 1993. The jute fabric deteriorated within o:rie year and .therefore was not effective in 
enhancing Fucus recruitment. Dense populations of Fucus de~eloped on the surface .of the 
coconut-fiber mats by the summer of 1994. The natural rock surfaces adjacent to the mats were 
barren of macroscopic algal cover. By September 1994, the juvenile thalli on the mrtts were 
approximately 2 em in length. This fabric deteriorated during the winter of 1995 artd the thalli 
on the mat did not have an opportunity to become reproductive. 

Transplantation of adult Fucus thalli and sporelings attached to erosion control. fabric 
was also tested as a potential restoration technique. The adulfthalli died within a: few months of 
transplant and mortality rates were high in the sporeling populations transplanted.to.:south-facing 
beaches. 

The slow recovery of Fucus populations in the high intertidal appears to be due to a 
variety of factors. The primary factor appears to be a low supply of embryos into: this· area. The 
patterns of juvenile recruitment on the inoculated mats show that embryo dispersal is very 
limited. Limited dispersal was also seen in experiments using. egg settlement,pla~es. However, 
even when thalli of various age classes are transplanted into this environment, th~ successful 
establishment of new populations is low. The harsh physical conditions of this habitat with 
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temperatures on the rock surface recorded as high as 43.6° C cause severe desiccation and heat 
stress. The significant relationship seen between aspect and the upper boundary of Fucus on two 
islands within Herring Bay shows that solar exposure is an important factor regulating Fucus 
distribution. A third factor potentially slowing the recovery of high intertidal Fucus was 
increased grazing pressure. Surveys at Weasel Beach showed very high densities of littorinid 
snails during 1993 and the spring of 1994 which subsequently decreased in the late summer of 
1994 and in 1995 when Fucus populations were increasing. Cage studies in Herring Bay have 
also implicated grazers as a significant factor controlling the recruitment of young Fucus thalli. 

INTRODUCTION 

The oil spill and subsequent clean-up activities from the Exxon Valdez accident in March 
1989 caused considerable damage to the intertidal plant community, especially to Fucus 
gardneri (Silva), the dominant plant in this region. Fucus populations were shown to be 
damaged throughout the intertidal zone in studies conducted during the summer of 1990 
(Houghton et al., 1993a, 1993b; Stekoll et al., 1993a, 1993b, 1996; van Tamelen & Stekoll, 
1995, 1996). In the summer of 1992, populations in the low and mid-intertidal zones at many 
locations were showing signs of recovery. Surveys of mid and high intertidal zones with a south 
exposure in Herring Bay, however, showed almost no recovery by the third year after the spill. 
These habitats remained as bare rock with sparse barnacle and littorine populations. 

The purposes of this study were to 1) determine the geographic extent of regions showing 
slow recovery, 2)determine the factors causing the slow recovery, and 3) determine if cost­
effective methods can be developed to restore Fucus to regions where populations are not 
recovenng. 

METHODS 

Study Sites 

Our primary restoration study site ("Weasel Beach") is at the north end of Herring Bay in 
Prince William Sound, Alaska (Figure 4.1) where Fucus populations have been extensively 
documented since 1991. The site is a region of steep rocky shore subject to intense solar 
radiation during the summer months when it is exposed to the sun for the entire day. In addition, 
it is in a location protected from wave action so there is no wave spray to moisten and cool the 
rock surface. 

We have identified other areas of this habitat type in Prince William Sound using the Oil 
Spill Geographical Information System (GIS) databases assembled by the Alaska Department of 
Natural Resources. The GIS was used to integrate information on the geographic distributions of 
factors important to defining these habitats such as oiling category, shoreline aspect, shoreline 
slope, and habitat type. We have conservatively estimated that there are about 20 km of 
coastline throughout Prince William Sound that fit the physical criteria of the beaches that have 
been slow to recover in Herring Bay. 

The Oil Spill GIS was also used to identify unoiled sites with physical characteristics, i.e. 
southern exposure, protected rocky habitat, and beach steepness, similar to the oiled sites that 
were not recovering. During the spring of 1994, we surveyed a sample of these control sites on 
the west side of Knight Island in Lower Herring and Drier Bays. A matching set of oiled sites 
was sampled in Herring and Northwest Bays. 
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At each study site the height of the upper boundary of the Fucus barid was determined 
relative to the MLL W tidal datum. The locations of the study site endpoints were determined 
with an autonomous GPS receiver. These study sites ranged from 200 to 2000 meters in length. 
Random sample points along the beach at each study site were chosen by dividing the beach 
length into 10 equal segments. A random starting· point was chosen within the first segment and 
the remaining samples were taken at regular intervals of 1/10th the beach length. Sample points 
at study sites with the longest beach lengths were picked directly with. the GPS receiver. Shorter 
beach segments or beach segments where GPS satellite reception-was poor were 'divided into 
segments based on boat run times between the endpoints of the study site. The 30 to 100 m 
resolution of the GPS receiver was not sufficient to pick samples on short beach segments. 

At each sample point we determined the vertical distance between the water line and the 
highest Fucus thallus greater than 2 em in length within a 1 meter .swath centered on the 
randomly selected point on the beach. Vertical distances were determined with a transit and 
hand-held sight level. The time of the measurement was also .noted to calculate the height 
relative to published (National Oceanic and Atmospheric Administration) tide heights. 

In 1995, the upper boundary ofF71cus populations was surveyed on two small islands in 
Herring Bay. These surveys were designed to investigate the·influe.nce of beach aspect on the 
distribution of Fucus populations. These two small, circular islands were chosen because they 
allowed us to isolate beach aspect from other physical factors, such as wave exposure, that could 
influence the distribution of Fucus populations. Random sampling sites around the 
circumference of the islands were chosen using a methodology similar to' that used above for 
segmenting the linear beach segments. At each site we determined the upper limit of the highest 
Fucus thallus and fertile Fucus in 1 meter swaths centered on the randomly chosen starting 
points. Tidal heights were determined using a hand sight level and .stadia rods. We measured 
the aspect ofthe beach relative to true north with a compass and the slope of the beach with an 
inclinometer. 

Restoration 

Biodegradable Fabric 

A preliminary experiment to test the feasibility of fastening and maintaining 'mats of 
erosion control fabric in the rocky intertidal.was initiated in May 1992 at "Weasel Beach". . 
These fabrics are routinely used to control erosion on exposed banks that are associated with 
construction activities. The material tested initially was ANTIW ASH/GEOWTE fabric (Belton 
Industries of Atlanta, Georgia). This fabric was chosen because it .had the highest water 
retention of the materials we tested (Table 4.1 ), it is completely biodegradable without any 
synthetic netting that can trap or injure wildlife, and the estimated life-span of this material in 
terrestrial applications is .two years according to the manufacturer. We felt this life-span would 
be long enough to allow Fucus juveniles to become established. One meter wide mats of the jute 
fabric were fastened in the upper intertidal to the rocks with a combination of stainless steel 
screws and epoxy putty. Butthis fabric did not last for the summer season, and in 1993 we used 
a more durable fabric made of coconut fiber (DeKo We 900 fabric, Belton Industries). This 
fabric has a manufacturer's suggested life-span of five to ten years. 

The final experimental design involved creating 12, 1m wide plots placed perpendicular 
to the shoreline with the top of the plots at the Mean High Water mark ( + 3.4 m above MLL W or 
0 MVD, meter of vertical drop) as indicated by the lower boundary of the Verrucaria zone. The 
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bottom of each of the plots was placed at +2.4 m above MLLW (1 MVD). The coconut fiber 
mats, also 1 meter wide, were fastened to the substratum with stainless steel screws within the 
plots. The screw fasteners permitted easier removal of the mats when enumerating the plots. 
Six plots were covered with the mats and six were left uncovered as controls. 

Counts of Fucus, littorines, and limpets were made in 9, 100 cm2 quadrats on the 
substrate covered by the fabric and on uncovered controls in both the 0.0-0.5 MVD and the 0.0-
1.0 MVD tidal zones. In addition the total number of Fucus thalli were counted in the treatment 
strips. In 1994, we also counted and mapped the Fucus thalli on the surface of the coconut fiber 
fabric. All thalli greater than 2 mm in length were counted between the Mean High Water level 
and the 1 MVD mark. A 100 cm2 quadrat was used to guide the census to ensure that all the 
small thalli were censused. The quadrat data also provided information on the spatial 
distribution ofthalli on the mat. 

To assess the relative protection afforded by the fabric, air and rock temperatures were 
measured during periods oflow water, both under and away from the fabric. Temperatures were 
measured with thermistors connected to a data logger which sampled every five minutes. 
Concurrently we estimated the rate of desiccation by measuring the weight loss of wetted cotton 
balls. For each desiccation measurement, three cotton balls of similar dry weight (2 g total) were 
set on a tared 9 em plastic Petri dish. The cotton balls were wetted with a I 0.0 grams of distilled 
water and the dishes were placed on the substrate. Cotton ball weights were monitored every 30 
minutes until high water. Experiments were performed on May 28 and September 9 of 1994. 

Substrate Inoculation 

Inoculation of the experimental plots with Fucus embryos was accomplished with two 
methods: 1) transplanting fertile adults and 2) the direct seeding of substrates with embryos. 
Reproductive Fucus thalli were harvested from a number of locations throughout Herring Bay 
and transplanted to three ofthe experimental mats and to three of the control plots in both 1993 
and 1994. Six thalli were attached by plastic tie-wraps to each of the experimental strips where 
they were expected to release fertilized eggs over a period of a few weeks. The plastic ties were 
attached directly to the coconut fiber fabric in the fabric treatments and to the rock surface using 
epoxy putty in the nonfabric controls. 

Reproductive Fucus thalli were also harvested to provide fertilized eggs in an inoculation 
solution that was poured over the experimental plots. After collection, the fertile receptacles 
were cut from the thalli, washed with fresh water and placed on toweling to dry. The dried 
receptacles were then placed overnight in clean seawater for release of the fertilized eggs. The 
concentration of eggs in the resulting egg solution was determined by placing 10 ml of the egg 
solution into a petri dish with a em counting grid on the bottom. Eggs were counted in 10 of the 
cm2 grids. The egg solution was then diluted with seawater to produce a final inoculation 
solution for use in the field. This final inoculation solution was equally divided and sprinkled 
over each of the same inoculation plots listed above. During the Spring 1993 visit the egg 
concentrations, reported as a nominal egg density over the treatment area on the beach, ranged 
from 0.18 eggs mrn·2 on June 9th to 0.007 eggs mm·2 on June lOth. During the late Summer visit 
the concentration was 0.02 eggs mm·2 on September 1. Thalli collected in 1994 did not release 
sufficient embryos for the inoculation procedures. 
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Transplantation of juvenile Fucus 

The transplantation of juvenile thalli on pieces of coconut fiber matting was also tested as 
a potential restoration method. These transplant mats were also used to investigate the influence 
of beach aspect on recruitment processes in the high intertidal. Two strips of coconut fiber 
matting Were naturally seeded with Fucus embryos by fastened them. among dense populations 
of adults in the low i:ntertidal·at approximately +0.5 m MLLW. The mats were· put into place on 
25 May 1994. An insp.ection of these mats on 7 September 1994 showed that the mats were 
covered by microscopic (0.2 to 0.5 mm) sporelings. On 19 May 1995, the. mats had a uniform 
cover of0.2 to 0.5 cmFucus·along with a dense cover ofScytosiphon, Pilayella, and 
Enteromorpha. The mats were .cut into 15x15 em pieces for transplanting to high intertidal sites 
with north, south, east, and west aspects op a small island just offshore of Weasel Beach. Three 
pieces .of matting, were fastened at 0.5 MVD (+2.8 m MLLW) at each site using epoxy putty. 
The pieces were:randomly:·assigned.to. each of the transplant locations .. The numbers of visible 
Fucus thalli on tlie transplanted;·pieces of matting were counted on 26 August 1995. 

Transplantation of Adult Fucus 

On 31 May 1992 several adult(> 8 em) Fucus were transplanted to "Weasel Beach" to 
determine the survival of adult Fucus in the upper intertidal. Thalli were taken from both the 
"Weasel Beach" area and a beach about 2 km directly south of"Weasel Beach". Thalli along 
with a piece of the rock substrate to which they were attached were removed from the mid 
intertidal with a chisel . The thalli were transplanted to "Weasel Beach" by gluing the' rock to 
the new location with marine epoxy. Six to 8 plants were transplanted to each of four different 
tidal elevations at the east end of"Weasel Beach". The four tidal elev.ations were 0.0, 0.2, 0.4, 
·and 0.7 MVD. Fucus· thalli were counted and measured for total length after transplantation and 
again on 8 June and 31 August 1993. 

RESULTS 

Surveys of Fucus Upper Boundari~s 

The heights of the upper Fucus boundaries at tP,e oiled and control sites throughout 
Prince William Sound in the summer of 1994 are summarized in Table 2. The average upper 
limit 11t the unoiled controls (+2.89 m MLLW) was significantly higher (t-test, t=3.94, p~0.001) 
than at the oiled sites (+ 2.48 m MLL W). The variability seen in .these upper limits app.ears to be 
related to differences in wave exposure at the sites. Even thqughall of these sites were 
characterized as sheltered roclcy habitat, some sites were closer to headlands and the openings of 
the bays. The more exposed sites had higher upper Fucus boundaries. 

A comparison of the upper boundary of Fucus populations at Weasel Beach in 1994 and 
1995 (Figure 4.2) shows a dramatic incre.ase between tl_lese two years. The thalli at the upper 
boundary in 1995 were generally small ("":'2 em) and were not visible in the general site 
photographs. This upward migration ofthe upper boundary coincided with a large increase in 
Fucus d~nsity observed on rocksubstrate in the experimental restoration plots (both controls and 

. fabric covered plots. See "Restoration" section below) (Figure 4.3). 
We also docmnented the Fucus distribution at the Herring Bay restoration ·site with an 

annual :series of photographs started in 1990 (Figure 4.4). These photographs show that the 
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Fucus populations colonized the lower intertidal zone fairly rapidly and reached the 2 MVD 
level by 1992. The upper boundary approached the 1.5 MVD mark by 1993 but dropped below 
this level by September of 1994. The visible boundary then moved slightly higher during the 
summer of 1995. As mentioned earlier, the smaller plants(< 2-3) ern were not visible in these 
photographs, and therefore the results determined using this method may miss the smaller plants 
that were detected in the other upper boundary surveys. 

The distribution of Fucus upper limits around the two islands in Herring Bay is presented 
in Figure 4.5. The distribution of Fucus upper limits with respect to aspect was fit to a 
polynomial regression with an R2 of 0. 72. The south facing sites had lower Fucus upper limits 
than those with a north aspect. The mean upper limit of the south facing sites (135 to 225 
degrees) was significantly lower (ANOVA, F=6.27, p= 0.003) then the north facing sites (0 to 45 
and 325 to 360 degrees) (Figure 4.6). 

The Fucus upper limits on the islands showed a weak, but significant negative regression 
(t=-2.49, p=0.021) with beach slope (Figure 4.7). This relationship may be due to a number of 
factors including the period of time the rock surface of the different sites remains moist and the 
vertical dispersal ability of the Fucus embryos. 

Restoration Techniques 

Biodegradable Fabrics 
Observations of the GEOJUTE fabric in September, 1992, only 4 months after 

installation, showed that it was eroding and becoming detached from the substrate. On the initial 
visit ofthe 1993 field season only small remnants of the fabric remained at points were it was 
screwed to the rock substrate. 

In contrast to the jute fabric, the coconut fiber mats persisted through the winter season 
and were only mildly abraded by September 1994 after fifteen months exposure in the intertidal. 
We had expected that this fabric would remain in place for three years until the settled Fucus 

thalli had became reproductive. Unfortunately, on the May survey in 1995 these mats had 
deteriorated to the point that only a few small sections were left on the rocks. These remnants 
were removed at this time. 

These substrates, however, were useful in documenting some of the processes 
influencing the population dynamics of Fucus in the upper intertidal. By the end of the summer 
of 1994, dense populations of young Fucus thalli with mean densities over 500 thalli rn·2 had 
grown on the surface of the coconut fiber mats (Figure 4.8). There was no significant difference 
between inoculation treatments in the overall density of juvenile thalli on the mats. The 
inoculated mats, however, had patches of thalli in the immediate vicinity of the thallus 
attachment sites (Figure 4.9). The majority of thalli on the mats, both inoculated and 
uninoculated controls, occurred along the bottom edges. This portion of the mat remained moist 
for the longest period of time and was also the closest to the band of fertile adult thalli that 
would have provided a source of embryos. 

Densities of the Fucus thalli were much lower on the rock substrate itself. These 
densities showed no differences between treatments, i.e. erosion control fabrics, egg 
inoculations, and controls (AN OVA, F= 1.59 p=0.27), and the counts within the treatments were 
pooled to produce the overall means shown in Figure 4.3. The number of Fucus thalli in the top 
0.5 meter of the intertidal was very low during the first three years of the project and increased 
slightly in 1995. Densities in the 0.5 to 1.0 MVD zone increased dramatically during 1995 and 
reached a density of nearly 300 thalli rn·2 by the end of the summer. These thalli were generally 
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smaller than 2 em in length so the visual appearance of this zone still appears very barren (Figure 
4.4). These thalli should grow rapidly during the winter and spring of 1996, producing a 
significant amount of biomass and becoming visible in site survey photographs by the end of the 
summer of 1996. · 

The density oflittorines in the restoration plots showed·a general decrease in abundance 
from Spring 1993 to the last sampling period in August 1995 (Figure 4..10). No differences were 
found in littorine den~ities as a function of mat cover (ANOV A, p=0.4282) ( Figure 4.11 ). 
Densities were significantly higher at the lower tidal level (ANOV A., p=0.0007), and were 
significantly different between sampling periods· (AN OVA, p<O.OOOl) (Figure4.10). 

Limpet populations, in contrast to the littorine populations, showed a largy increase in 
population size during the. summer of 1993 at both tidal levels .(Figure 4.12)..with:a subsequent 
decline in the late surtuner of 1994 and 1995. Limpet densities during 1993 increased in both the 
plots with the coconut fiber matting and the bare control plots. However, there were . ' 

significantly more individuals under the coconut fiber matting at both the 0.5 MVD (Figure 
4.13) and 1.0 MVD (Figure 4.14) levels (ANOVA, p< 0.0001). Subsequent to the large 
population increase seen during the summer of 1993, populations under the coconut fiber 
matting at the 0.5 MVD showed a significant decline during the winter of 1994. These levels 
then persisted through.August 1995.· The populations :on: bfire.rock substrate at this tidal level 
remained fairly constant during this time period. At the 1.0 lV.i:VD, the populations under the 
coconutfiber matting showed a slight decline during 1994. TJ:le populations on bare substrate 
showed a slight increase in the spring of 1994, but then a v:ery large decrease iti the September 
1994 sample (Figure. 4 . .14). During the SUm.lller months, therefore, it appears that the coconut 
fiber matting was sheltenng the limpets from desic¢ation. 

Results from:the temperature atid desiccation .experiments were similar in May and : 
. September in 1994. ,In May, tempevatures UBderthe matting were cooler and the desiccation' rate 

was less than away from. the matting or ·even near to the edge: of the matting (Figure 4.15) 

Transplantation of juvenile and adult Fucus 

The transplantation of newly settled juveniles on the coconut fiber matting showed that 
relatively few individuals survived at sites with either a south or west exposure (Figure 4.16). 
Survival was relatively good at the north and east facing sites. i 

The transplanted adults at "Weasel Beach" did not survive in the upper tidal elevatiohs 
(Table 4.3). Only one thallus survived at the 0.4 MVD elevation for more than and year, an

1
o this 

plant disappeared by 31 August 1993. Two of eight plants survived at the lowest transplant/level 
of0.7 M. These transplants grew and were reproductive in the second year subsequent to · 
transplantation. 

DISCUSSION 
The upper intertidal zone is a very harsh environment for recruitment and survival of 

Fucus individuals. Experimental transplants of individual adult thalli and juveniles from lqwer 
tidal zones showed that these thalli could not survive more than a few months (De V ogelae~e & 
Foster 1993; Stekoll et al. 1993a, this study). Microscopic juvenile stages are even more i 
susceptible to mortality from high temperatures and desiccation (Brawley & Johnson 1991). Our 
observations of Fucus egg dispersal and recruitment patterns (McConnaughey 1984, van : 
Tamelen & Steko111995, 1996) indicate that Fucus egg dispersal is limited to less than 1ml, and 
recruitment in the high intertidal requires a large population of adults to provide both a co~stant 
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supply of eggs and a sheltered environment for survival of the young thalli. Colonization of new 
thalli, therefore, progresses from the edges of existing natural beds. 

At the experimental site in the northern portion of Herring Bay, the natural bed of adult 
Fucus is still approximately 0.5 m below the experimental restoration plots. The recruitment of 
juvenile thalli into the restoration plots increased during 1995. If these thalli survive they should 

become fertile during 1996 and 1997. The dense recruitment of young thalli onto the coconut 
fiber matting in the vicinity of fertile adult thalli in 1994 showed that the moist environment 
provided by the matting is a critical factor limiting the expansion of the Fucus population. The 
majority of these thalli, however, have settled on the lower edges of the mats. This distribution 
pattern suggests that limited embryo dispersal from the nearby band of fertile adult thalli is 
another critical factor regulating population increase in the high intertidal. 

The recruitment of thalli on natural rock surfaces within the restoration plots shows that 
there is some suitable substrate available for recruitment in this region. This substrate is found 
in microhabitats behind rocks, which shelter the substrate from the direct sun, and near small 
tidal pools. The majority of these microhabitats, however, appear to be beyond the dispersal 
range of the present population ofadult thalli. 

The techniques for inoculating the mats and rock surfaces with Fucus embryos and the 
transplantation of juvenile and adult Fucus were not cost-effective for this type of restoration 
effort. The use of embryo inoculation solutions did not increase Fucus densities on the treated 
mats. The transplant of fertile adults appeared to provide a very localized increase in 
recruitment. This technique, however, is very time consuming and labor intensive. Most thalli 
died fairly quickly after transplantation or were washed from the transplant site. The seeding of 
mats and the subsequent transplantation of juvenile thalli appeared to work well for north facing 
beaches. For south facing beaches, where restoration activities are most needed, the observed 
survival rate of the juveniles may be too low to produce a large population of fertile adult thalli. 
It would be interesting to test this technique on a larger scale. 
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Table 4.1. Comparison ofwater retention ability ofvarious erosion control fabrics.· 

Fabric Type Dry Weight Wet Weight Water Retention 
(g Cl11-2) (g cm-2) (%) 

GEOWTE 0.058 0.347 601 

DeKoWe400 0.077 0.183 239 

DeKoWe900 0.096 0.244 255 

Bon Terra 0.065 0.173 267 
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Table 4.2. The height of the upper limit of the Fucus gardneri band at oiled and control 
(unoiled) south-facing, sheltered rocky sites in Prince William Sound. "Weasel Beach" is the 
restoration site in the northern end of Herring Bay. 

Oiled Sites Height Control Sites Height 
(m above MLL W) (m above MLLW) 

Northwest Bay #3 2.58 Lower Herring Bay #24 3.05 

Northwest Bay #6 2.49 Lower Herring Bay #26 3.10 

Northwest Bay #7 2.74 Lower Herring Bay #29 2.79 

Weasel Beach 1.88 Lower Herring Bay #30 2.84 

Herring Bay #30 2.70 Lower Herring Bay #31 2.85 

Herring Bay #33 2.38 Drier Bay #43 2.89 

Herring Bay #34 2.16 Drier Bay #44 2.70 

Herring Bay #35 2.73 

Herring Bay #40 2.62 

Herring Bay #43 2.57 

Mean 2.49 2.89 
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Table 4.3. Fate ofadultFucus thalli transplanted to 11Weasel Beach .. on 31 May 1992. 

Tidal Level Date N Mean Length %Survival 
(MVD) (cm±SE) 

0.0 31 May 1992 6 10.6 ±1.9 100 

8 June 1993 0 0 0 

31 August 1993 0 0 0 

0.2 31 May 1992 7 8.6 ±1.1 100 

8 June 1993 0- 0 0 

31 Augu~t 1993 0 0 0 

0.4 31 May 1992 8 9.3 ±0.6 100 

8 June 1993 1 6.0 ±0.0 12 

31 August 1993 0 0 0 

0.7 31 May 1992 8 9.9 ±1.1 100 

8 June 1993 2 17.5 ±5.8 25 

31 August 1993 2 17.5 ±5.8 25 
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Figure 4.1. Location of the Fucus restoration site, "Weasel Beach", at the north end ofHerring 
Bay in Prince William Sound Alaska. The asterisks(*) indicate islands surveyed in 1995 for the 
upper limits of Fucus. 
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Figure 4.2. The upper limits (in em above MLLW +SE) of Fucus populations at "Weasel Beach" 
in 1994 and 1995. 
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Figure 4.3. The density of Fucus thalli ( +SE) in experimental restoration plots (controls and 
fabric covered plots) at "Weasel Beach" in 1995 at both the 0.5 and 1.0 MVDs. 
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Figure 4.4. The upper limits of Fucus at "Weasel Beach" from 1990 to 1995. The figure is a computer image ofthe "Weasel Beach" 
restoration site in Herring Bay and is scanned from a photograph taken in the summer of 1995. The horizontal lines indicate the 
maximum heights of the visible Fucus band at the years indicated on the right edge of the picture. These lines were drawn using 
superimposed images. Fucus thalli less than ca. 3 em in length were not detectable using this method. Note that the upper limit for 
Fucus dropped from 1993 to 1994. The upper limit in 1995 is similar to that in 1994. The Predicted Upper Limit is based on the mean 
values from south facing unoiled sites (see Table 2). A scale bar at the lower right represents 1.0 min length. 
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Figure 4.5. The distribution of Fucus upper limits around two islands in Herring Bay, Knight 
Island during the summer of 1995. The line is a best fit fourth-order polynomial regression. 
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Figure 4.6. Mean upper limits of Fucus as a function of aspect at two islands in Herring Bay, 
Knight Island. The upper limits were measured relative to Mean Lower Low Water (0.0 m). 
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Figure 4.8. Density of Fucus thalli on the surface of coconut fiber erosion control mats at 
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Figure 4.10. Density oflittorine snails on the rock surface in the restoration plots at "Weasel 
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Figure 4.12. Density oflimpets on the rock surface in the restoration plots at "Weasel Beach". 
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Figure 4.13. Densities oflimpets on the rock surface at 0.5 MVD on bare plots and on 
mat-covered plots at "Weasel Beach " restoration plots. N = 6 for all treatments. 
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Figure 4.14. Densities oflimpets on the rock surface at 1.0 MVD on bare plots and on mat­
covered plots at "Weasel Beach" restoration plots. N = 6 for all treatments. 
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Figure 4.15. Desiccation (as percent water loss) and temperatures on 28 May 1994 at ·the 
"Weasel Beach" restoration plots in Knight Island, .Prince William Sound. 
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Figure 4.16. Density of transplanted Fucus thalli around a small island in the northern part of 
Herring Bay, Prince William Sound. Small pieces of pre-seeded coconut fiber erosion control 
mats were placed at four different aspects in September 1994. Thalli densities were measured in 
September 1995. 
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CHAPTER 5. SUMMARY AND SYNTHESIS OF OBSERVATIONS AT HERRING BAY 

The Intertidal at Herring Bay 

Jiening Bay was chosen as a representative site in, Prince William Sound (PWS) for 
sheltered rocky and coarse textured habits. The Bay was selected because there were a number 
of potential sites for experimentally comparing oiled and non-oiled habitats. In addition, there 
were supposed to be two "set aside" sites in Herring Bay which would allow comparisons of. 
cleaned versus untreated oiled sites. However, the "set asides" had actually been treated and 

. most of the sites in Herring Bay are more protected than sites on the periphery of the islands of 
PWS. This fact is reflected in the less diverse intertidal biota in Herring Bay .. Extrapolations of 
the conclusions drawn from our experiments at Herring Bay are probably only valid for other 
sites in PWS that have simil~r exposures. 

The rocky· intertidal at Herring Bay is dominated by the brown seaweed Fucus gardneri 
L , 

Silva. This spe~ies has also:been;identified previously as Fucus distichus L. emend. Powell or 
Fucus evanescens C. AgardJl (O'Clair et al . .1996). The prevailing opinion of algal systematists 
is that Fucus gardneri is th~ predominant fucoid found, growing in the mid- to high intertidal 
along the coast of Alaska fr9m Ketchikan to Nome. In Herring Bay there is one other Fucus 
species that grows in the ve'ry high inter;tid~l in estuarine areas. This plant is the diminutive 
Fucus cottonii ~;nd has no $ajor·rdle in Herring Bay ecology. Fucus gardneri (hereafter 
referred to as fu~us) occur~ in Herring Bay from MLL W to neat MHHW. Other algae in this 
area 'are annual;'greens• such as Ulva, Monostroma and Chaetomorpha/Rhizoclonium, annual . 

. ' I 1
1 

' I 

browns such as;:Myelophye,.'us/Scy,tos{p~on,' Pilayella, Ectocafpus, Soranthera; Dictyosiphon, 
Elachista, an.~ ~eathesia~ ~nnu;1:heds such1as Dumontia, Glo,iopeltis, Halosaccion, ,:Palmaria and 
Porphyra, and:p'erennialreds.such as Neorhodomela, Rhodomela, Endocladia, Ptilota and 

·species in the GigartinaceJe family. · i · · • 
AssO(h¥ed with F~cus is. a comparatively limited community of macro-invertebrates. 

These includ.e .the:littorin¢ snails, Littorin'a sitkana and Littorina scutulata, the limpets Lottia 
pelta, Tectura:per:sona anp Tectura scutum, and species of amphipods and isopods. Other 
species that dq ·not necess

1
arily associate )Yith Fucus directly but are found in the sheltered rocky 

sites are bama,qles (B.alan,omorpha ~pp., Chthamalus dalli, Bal(mus glandula, Sem,ibalanus 
balanoides) Ia~~ other c~staceans (Pagurus spp.), bivalves (Afytilus trossulus, Turtonia minuta), 
and whelks (i{1fcella spp.~). In soft bottoft'l areas, annelids such as errant polychae~es, sedentary 
polychaetes: a~d Oligoch~eta spe'cies are common. Littorines and limpets are graiers and may 
eat Fucus plahts:directly/or feed on diatoin or bacteria films f£?und on the Fucus thallus or 
surrounding rocks .. Isop9ds and amphipods are detritavores and are likely to feed on 
microscopic flora associ.~ted with Fucus (Lubchenco 1983), although this interaction was not 
assessed in'tli~ present study. ' ' 

Fucu.s makes· up ·1the majority of the floral biomass and percent cover in the intertidal: 
99%, 95% al).d 65% of the algal biomass in the high, mid and low zones, respectively, during the 

1 II • 1 

late spring a~d sUnuher;at Herring Bay (Highsmith et al. 1994). These numbers: are higher in the 
fall and winter wheR anP.uals are not abundant. The Fucus tlj_alli provide a source of primary 
productivity to thef1.ear~hore, but this carbon source is directly· available to grazers only when 
the plants are very: smaH or when they have died and been di,slodged from the substrate. Live, 
adult Fucus··thalU are more important as structure in the intertidal. The fronds provide both 
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shelter and an indirect food source for the associated invertebrate community. The shelter 
provided serves multiple functions: protection from predation by fish and birds, protection from 
the desiccation effects of the receding tide (McCook and Chapman 1991) and a surface on which 
to deposit eggs. Fucus can provide an indirect food source by acting as a surface on which 
microalgal and bacterial films can grow (Viejo and Arrontes 1992.). Fucus also plays the role of 
antagonist by competing for space with other attached biota such as barnacles and mussels, and 
by sweeping areas bare due to the whiplash effect of its fronds (Jemakoff 1983, 1985, van 
Tamelen et al. 1997). Fucus, because of its abundance and ecological functions, is the defining 
species for the sheltered rocky sites in Herring Bay and Prince William Sound in general. 

Fucus makes its living by photosynthesis. Its growth season extends from spring through 
summer. Growth is not only a function of available light but also of nutrient concentration in the 
seawater. Specifically, growth is usually limited in the summer by the decline in nitrogen and 
phosphorus levels. Intraspecific competition is important for this species (Kendziorek and 
Stekolll984) perhaps through the mechanism of shading or whiplash effect. Fucus becomes 
fertile in the summer and is able to release millions of eggs/zygotes per thallus per season. 
Because Fucus gardneri is monoecious, most of the released eggs are fertilized zygotes. These 
zygotes are not motile and usually are released with copious mucilage secretions from the Fucus 
receptacles. Hence, zygotes disperse very close to the parent plant with over 95% remaining 
within 20 em of the adult. Survival of Fucus germlings in Herring Bay (and probably 
throughout its range) depends on protection from desiccation and adult whiplash and to a lesser 
extent from herbivores. Small cracks and crevices in the substrate afford this protection. The 
ideal width (500 ~)for these cracks is about 4-5 times the diameter of the zygote. The ideal 
depth of the cracks is greater than 0.5 mm. If these cracks are near the parent plant, the parent 
plant can provide some protection from desiccation, but as the germlings emerge from the cracks 
they are susceptible to whiplash from the nearby adults. Fucus plants in Herring Bay need two 
to three years of growth before becoming fertile. Individual fronds can live up to several years. 

Oil Spill Effects 

Oil spills have deleterious effects on the nearshore biota due to both physical and 
chemical (toxic) effects. Laboratory studies have shown that oil is toxic to organisms, especially 
at the larval and juvenile stages. Fucus fertilization is inhibited by oil at low concentrations in 
seawater (Steele 1977). Mussels have been used extensively in toxicity testing (e.g. Smith 1968, 
Kanter 1974, Rice et al. 1979). Most toxic effects are over relatively long term exposures and 
high concentrations (e.g. Stekoll et al. 1980). The Exxon Valdez oil spill initially may have 
been toxic to intertidal organisms but the physical coating of the shore was responsible for 
smothering many organisms. Work done on sites that were oiled and not cleaned (Houghton et 
al. 1996) indicated that toxic/smothering effects of oil on the intertidal community were minimal 
compared to the effects of the cleanup activities. The results of our work at Herring Bay are 
consistent with the hypothesis that cleanup activities, especially the hot water, high pressure 
wash, caused the most damage. Therefore, it is our view that the oil spill/cleanup acted 
essentially to create large patches of bare rock and beach. Damage was related to physical 
disturbance. Recovery is dependent upon the ability of key organisms to recolonize bare space. 

The assumption of physical disturbance is borne out by the data collected by the Herring 
Bay study. The percent cover of bare rock in 1990 was much greater at oiled sites. Obviously 
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bare rock was created by removing Fucus, barnacles, mussels and associated fauna, especially in 
the upper intertidal. All of the following measures ar~ consistent with the scenario that bare 
space was created by the spill/cleanup. There were fewer Fucus plants, reproductive plants, 
receptacles and eggs released per square meter at the oiled sites. The reproductive plants that 
were at oiled sites were shorter and had fewer receptacles than plants at control sites. Receptacle 
weight was lower for the plants at oiled sites. A cohort of juvenile Fucus plants appeared in the 
intertidal at oiled sites in 1990 and reached adult size in 1994. No such cohort or pulse of 
numbers was seen in the unoiled sites. 

The 4esign used in the Herring Bay studies did not permit clear, unambiguous testing of 
the effects of oil toxicity free from other confounding mechanisms by which the oil spill may 
have affected intertidal organisms, including beach treatment. But we found no direct evidence 

, that the oil itself was toxic to Fucus. For example, the growth·rates of Fucus were greater at 
oiled sites, perhaps due to the lack of intraspecific competition. We found no effects of oiling on 
Fucus mortality. And 'the egg release rate and egg viability were not different between plants at 
the control and biled sites. 

In addition; there is some evidence that indicates that the effect of the oil spill/cleanup 
on invertebrates was not direct but may have been a result of the loss of Fucus. Our studies 
showed tha~ when Fucus thalli were removed from an area, there was an immediate decline in 
the densities oflittoiines and limpets·. Subsequent to the oil spill/cleanup, densities of these 
organisms correlated with densities of Fucus. ···Densities of the limpet Tectura persona and the 
snail Littorina sitkcril.a wete lower at oiled s.ites through 1995 ,at both sheltered rocky and coarse 
textured sites. On the other hand there appeared to be an increase in the density of the barnacle 
Chthamalus at oiled sites, probably due to lack of dominant competitors (other barnacle species), 
bulldozing grazers (limpets and littorines) and predatory snails (Nucella). Bare space created by 
removing Fucus would afford more opportutpty for settlement of species with pelagic, widely 
dispersed larvae ·~uch as barriades,.and mussels, though only barnacles typically colonize bare 
rock surfaces. The ban~ ~pace wouid als.o· expose the limpets and snails to increased stress from 
desiccation and predation. Bare space· would allow settlement and recruitment by Fucus, but 
because Fucus has a very li:Qlited di~persal range, this speci~s would be slower to recruit than 
barnacles or ephemeral alga'e. Thus, .we can explain the oil spill/cleanup effects by just the 
removal of the ove~story plants; . : ~ : ,, , Recolonization of the created bare space proceeds as a 
function of recruitment .and' not o(competition in Herring Bay. In some spills, it has been 
reported that there is, a· "greening" :of the intertidal (Southward and Southward 1978, Rolan and 
Gallagher 1991'.) :~;aus~d:by'rapidr,bcqlonization of the bare space by ephemeral algae. To some 
extent such rec'ololli£~t1pn was ob,served in Herring Bay, but its occurrence was very irregular 
and patchy. Ev~n:in s~all,cleared patches there was no predictable succession seen. In many 
cases, the bare~pa~ch~s remained bare,;·or Fucus or barnacles were the primary invader. Our 
studies with clearfugs and.:cages indicate it is unlikely that herbivory plays a major role in 
keeping large ,bare pat~he~ uncoloilized. Rather it is rriore likely that patchy recruitment 
combined with the effects. of desiccation are the major factors controlling the rates of 
recolonization ofthe mid.; tci.upper intertidal. 

Here is a typic~l spenario from our data. Recolonization occurs from the lower intertidal 
upward due to the fact that the s~::rurce of zygotes is from fertile Fucus plants in the lower 
intertidal and typical.dispersal range is a few em. Zygotes that attach on rocks away from the 
parent plant may slirvive:herbivbry but will die of desiccation in a short time. However, there 
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may be small patches of plants that survive in cracks. Greatest survival will be near the 
periphery of an existing Fucus bed where the juveniles are in cracks, partially shaded by adults, 
but out of range of the whiplash effect. Barnacles may initially aide in the settlement of Fucus 
juveniles, but Fucus plants subsequently have higher mortality when attached to barnacles. The 
newly settled Fucus plants provide food and shelter for the limpets and littorines, whose 
numbers will begin to increase. As the Fucus plants grow their whiplash effect reduces barnacle 
recruitment. Ephemeral algae may come in for a few months and cover a bare patch. This 
situation may delay Fucus recovery by shading recruits and promoting a higher herbivore 
density. But ephemerals are ephemeral and once they die out, the Fucus germlings are ready to 
begin growing again. Mussels may appear in sporadic settlement patterns, and be attracted to 
filamentous algae. There may be some space competition of mussels and Fucus but we have no 
data on this interaction. Fucus will move up the intertidal at a rate determined by the exposure 
and aspect of the site. At "Weasel Beach" Fucus beds expanded up the intertidal at about 1 
vertical meter per year through 1992 (Stekoll and Deysher 1996). After that, the expansion 
declined and even reversed, with about I vertical meter left to reach the probable upper limits of 
its distribution in 1995. So, recolonization will slow asymptotically as the plants near their 
upper limits. The time to final recolonization will be a factor of the weather conditions each 
year. But once the Fucus population has recovered, it is likely that the invertebrate population 
will have, or will soon recover. Possible exceptions would be direct-developing species, e.g. 
Littorina sitkana or Nucella spp., at locations where adults did not survive the spill/cleanup. In 
general, it may be possible to monitor the recovery of an oil spill in this region at coarse textured 
and rocky sites by using Fucus as a surrogate for the intertidal community. 

Comparison to Other Systems 

The Coastal Habitat Injury Assessment (CHIA) study (Highsmith et al. 1994) found that 
throughout the entire area of the Exxon Valdez oil spill there were 19 algal taxa injured in at least 
one habitat. Taxa that showed impaired recovery were Fucus gardneri, 
Myelophycus!Scytosiphon, Gloiopeltis furcata, and filamentous brown algae. Most of the taxa 
affected were located in sheltered rocky sites. In PWS, members of the brown algae were 
affected the most. Fucus was by far the most severely affected alga throughout the area of the 
spill. 

Some researchers have reported a "greening" (Southward and Southward 1978) or a 
presence of a "green algal stain" (Rolan and Gallagher 1991) subsequent to a cold water oil spill. 
After the grounding of the Torrey Canyon (Arabian crude oil) the green ephemeral alga 

Enteromorpha was found to be dominant in the mid to upper intertidal (Southward and 
Southward 1978). Floc'h and Diouris (1980) reported that the Amoco Cadiz spill of Kuwaiti 
crude oil caused little greening due to the limited use of dispersants in the cleanup. After the 
Esso Bernicia accident near Sullum Voe in 1978 (Bunker Coil), Rolan and Gallagher (1991) 
found an increase in filamentous greens and Enteromorpha in areas that had been mechanically 
cleaned. No greening, however, has been reported for some other spills, such as the General M. 
C. Meigs (Navy special fuel oil, Clark et al. 1978) or the Arrow spill (Bunker Coil, Thomas 
1978). Fifteen months after the Exxon Valdez oil spill, Houghten et al. (1991a, 1991b) did not 
document greening in the upper intertidal, but did report an increase in filamentous greens and 
filamentous and encrusting browns in the lower tide zone at protected rocky sites. Later, in May 
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1991, Houghton et al. (1996) reported an increase in filamentous greens, mainly Ulothrix, in the 
upper intertidal at Category 3 sites which had been heavily oiled and extensively cleaned. 
Gilfillan et al. (1995) did not find any greening at sheltered rocky sites in PWS but did fmd an 
increase in Fucus in exposed rocky sites in 1990 at the mid tide level. Data from the CHIA 
study also failed to show any increases in specific green algae in the upper intertidal. 
However, specific taxa that were enhanced at oiled sites were Pilayella in PWS, . Fucus 
gardneri in the lower intertidal on the Kenai Peninsula, Gloiopeltis fur:cata at Cook Inlet-Kenai 
sites and Halosaccion glandiforme, Palmaria spp. and Porphyra spp. in the Kodiak.Island 
area. · Plants in the Gigartinaceae group were enhanced at certain sites throughout the area of 
the spill (Highsmith et al. 1994) .. Most of these enhancements occrurred in the lower intertidal 
zone.· A few of. the taxa listed above are perennials,which ~akes it difficult to call these 
increases at ojled sites a rapid colonization by ephemerals. The CHIA study dtd fuid oiled 
habitats that had more annuals and ephemerals as a group in 1990 apd 91 in the lower intertidal 
(Highsmith. et. al.1994). Additionally, all of the species listed above had "Q~om,~ss or percent 
cover values that were. significantly ~ower in oiled sites at other levels in the intertidal and at 
other habitat types. 

After t~e grounding of the Torrey Canyon there was an interesting successional series in 
the mid to upper intertidal (Southward and Southward 1978). Initially, Enteromorpha grew 
rapi9ly a:Q.d provided a refuge for germinating Fucus, which recruited heavily. Then .the limpet 
pop~ation exploded, creating limpet "fronts" that decimated th~ brown algae, cre~tillg space 
for~ large' se@e~ent.ofbarnacles. ·Recovery took nine or more·y~ars. Most of.the mjury was 
attributed to $e. heavy use of dispeFsants: on this spill. In our study the s.aniPling: periods were 
too .far .ap~ ~o ~isc~tn rapid succ~ssional patterns with any confid~nce. But .limi~d succession 
was see1i' at sdme,of the :CHIA study·sites. (Highsmith et al. 1994) .. At sheltered ,rocky sites 
alo:t;J.g th~ kenai Pynins-q.la Fucus inva<;ted the space normally occupied by IHaria :i:P.!t4e low 
int¢rtidal:.: ~e s~tuation, with ,Fucus an9.Alaria is similar to that. r~ported by Luqchenco a,nd 
Menge (1~78) who fOUJ1d:an intera~ti(>n'\vith the red alga Chor,dnls and ~phemetal,.~gae. In 
their study, it: was found that herbiyores caused the differences. In the present case the 
exr?lanati?n ~?r a higher p~rcent CO\fet, in: the oiled sites is r~lated to the loss: of 4tdri~ plants at 
these site$ r~Iative tq cqntx:ols. It appe3;rs that the oil spill and: cleanup affested th¢ '4laria 
population whith all,o\\j~d Fucus t9·: invade the lower tidalleve~ .. The reason fori~~ ~ecline in 
the Alaria population J#ay.be rel~ted t_o an increase in grazing,pressure, mpstly:(r:d~ littorines, 
but could also be due tO. toxic effec~s of. the spilled oil on em~ryonic plan,~ (St~e!~ ~d. 

Hanisak 1979). This 4Jaria effect was not seen in PWS or Herriil.g,Bay because. there were no 
A/aria plants in PWS sheJterec,l· roqky sites. 

Local extinctions of some species, especially those in the.high intertidal, shortly after an 
oil spill nave beep reported; Such extinctions can play an important role in the rec9very of an 
area, especially~ coar~e textured. and estuarine habitats where diversity is.very low. After the 
Arrow spill the high iB:tertid~ species, Fucus spiralis disappeared and had not b~W,J~ to recover 
six years later (ThQmas 197~). Other taxa that occurred only at control sites \\fer¢ Elachista, 
Punctaria, Petalonia, and Polysiphoni(l. Fucus spiralis also disappeared; .~fter ,the )tmoco 
Cadiz spill (Floc'h and, Diouris 19SO). The high intertidal species Pelvetia carlalitftlata was 
also eradicated. One and a half years later only 2 rnm germlings of thi~ species .were visible at 
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oiled sites. Pelvetia was also slow to recover in Sullum Voe after the Esso Bemicia spill 
(Rolan and Gallagher 1991). In the CHIA study, the fucoid alga Fucus cottoni, a high 
intertidal species similar to Pelvetia but occurring in soft substrate, was found only at control 
sites in three habitats (Highsmith et al. 1994). The CHIA study also found several other 
species that were locally extinct at oiled sites of certain habitats. Of these there were three taxa 
in the Chlorophyta, six in the Phaeophyta, and only two in the Rhodophyta. There were also 
several taxa that showed "extinctions" in some habitats and enhancements in others (Highsmith 
et at. 1994). For example, Littorina sitkana was significantly more abundant at control sites 
in Herring Bay as late as 1995 in sheltered rocky habitat but was more abundant at some oiled 
sites in coarse textured habitat. More generally, several studies have reported littorine declines 
following oil spills/cleanup (Chasse 1978, Southward and Soutward 1978, Nelson 1982, 
Houghton et. at. 1993, DeVogelaere and Foster 1994, Highsmith et. al. 1994, Hooten and 
Highsmith 1996), and others have reported no impacts (Thomas 1978, Clark et. at. 1978, 
Rolan and Gallagher 1991, Gilfillan et. al. 1993). In the latter cases, free-spawning and 
direct-developing species were lumped. When investigated separately, the planktonic 
dispersers recovered more quickly than the direct developing species. 

Several studies have reported a change in species zonation following an oil spill. Fucus 
vesiculosus decreased in the upper zone after the Arrow spill (Thomas 1978). The upper limits 
for the kelp Laminaria and for Himanthalia were raised by two meters following the Torrey 
Canyon spill (Southward and Southward 1978). Hedophyllum became dominant in the mid 
intertidal after the General M. C. Meigs spill (Clark et al. 1978). After the Amoco Cadiz spill 
Fucus vesiculosus extended into the lower tide zones. The CHIA results show many instances 
of a species becoming relatively more abundant at a higher or lower zone. Examples include 
Chthamalus dalli invading the lower intertidal at oiled/cleaned sites, presumably due to release 
from competition and predation (Highsmith et. al. 1996), and Fucus gardneri becoming more 
abundant in the low intertidal at sheltered rocky sites along the Kenai Peninsula, but the study 
found no instance of a species occupying a different zone in an oiled site (Highsmith et. al. 
1994). 

The time required for recovery to a prespill condition will vary with the type of oil 
spilled, the intensity of the cleanup and the sensitivity of the plants and animals in a particular 
habitat. Further, our Herring Bay work suggests that shore sites exposed to moderate to strong 
currents have higher recruittnent and growth rate potential than sites with less water motion. 
Also, heavy recruitment of grazers (Southward and Southward 1978) or predators (Nucella, 
this study) may result in setbacks in recovery processes and rates. Mann and Clark (1978) 
have estimated that recovery will take from 5 to more than 10 years, depending on some of the 
above factors. Clark et. al. (1978) found that the normal algal taxa had returned after 2.5 
years and recovery was complete 5 years after the grounding of the General M. C. Meigs. 
Southward and Southward (1978) estimated recovery to take more than 9 years after the Torrey 
Canyon spill. By contrast Gilfillan et. al. (1995) state that the oiled shoreline in PWS was 73-
91% recovered from the effects of the oil spill in the summer of 1990. This conclusion was 
based on the assumption that the oil spill caused 100% injury in 1989. Houghton et. al. (1993) 
indicated that there were few statistically significant differences between oiled and control 
beaches in PWS in the summer of 1991, but stated that full recovery was still several years 
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away in many areas. The intertidal zone impacted by the EVOS, except for extensive outer 
coast sand beaches, is really a mosaic of habitat types and within each habitat there is 
considerable patchiness due to various combinations of physical and biological factors. The 
degree of oiling on shores, even over distances of a few meters, was also quite patchy. There 
is no single recovery rate for the intertidal community and it is not a straight line phenomenon. 
The CHIA results indicated that the number of taxa differences were actually increasing for 

the algae in the summer of 1991 (Highsmith et. al. 1994) and many differences were apparent 
in 1994 from percent cover data (Stekoll et. al. 1996). Similarly, various invertebrates had not 
recovered by the last CHIA census in 1991 (Highsmith et. al. 1994, 1996) and mussel densities 
in 1995 were the lowest for the entire Herring Bay study (this report). For these reasons, we 
cannot estimate a time to full recovery for those shorelines impacted by the oil spill. 
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Table A-1. Fucus Attributes. Herring Bay. Sheltered Rocky. June 1990. . 
Results of statistical differences between means of oiled and control site pairs. MVD = meter vertical drop; N = sample size; c = control mean; 0 = oiled mean; SE 
direction of difference; + = control > oiled; - = control < oiled; o = control = oiled; P = probability value; dashes = no data. 

Site Pair MVD N 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 
1732C/1 732X 
3811C/3611X 

1231C/1231X 
1 732C/1732X 
381lC/36llX 

2 
2 
2 

3 
3 
3 

Site Pair MVD N 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 2 
1732C/1732X 2 
3811C/3611X 2 

1231C/1231X 3 
1 732C/1732X 3 
3811C/3611X 3 

6 
6 
6 

6 
6 
6 

Site Pair MVD N 

1231C/1231X 
1732C/1732X 
3911C/3611X 

1231C/1231X 2 
1732C/1732X 2 
3911C/3611X 2 

1231C/1231X 3 
1732C/1732X 3 
3911C/3611X 3 

6 
6 
6 

6 
6 
6 

Site. Pair MVD N 

1231C/1231X 
1732C/1732X 
3911C/3611X · 

1231C/1231X 2 
1 732C/1732X 2 
3911C/3611X 2 

1231C/1231X 
1 732C/1 732X 
3811C/3611X 

Size c1ass One (<= 2 em) den~ity (ff/mA2) 

c 

1123.333 
955.000 
251.667 

169.333 
3703.333 

639.333 

643.333 
4886.667 
1209.333 

SE 

990.695 
231.153 
176.294 

66.303 
1709.465 

361.298 

245.203 
205.0.927 

389.251 

N 0 

6 2966,. 667 
6 668.333 
6 1091.667 

6 
6 
6 

6 
6 
6 

3436.667 
735.000 

1408.333 

873.333 
2679.333 

50.000 

SE 

2797.135 
301.412 
630.959 

1440'. 434 
. 373.066 

589.075 

294.434 
1669.374 

21.603 

D 

+ 
+ 

p 

'0.5437 
0.4679 
0. 2339 

0.0176 
0. 3 751 
0.2912 

0.5617 
0. 4232 
0. 0055 

Size Class rhree (5.5·10 em) density ("/m"2) 

c 

eo. ooo 
60. 000 
76.667 

75.000 
36.667 
61.667 

30.000 
40.000 
30.000 

c 

43.333 
11.667 
25.000 

63.333 
31.667 

9.333 

10.000 
41.667 
21.667 

c 

0. 000 
0.000 
0.000 

o.ooo 
0.130 
0.100 

0.243 
0. 263 
0.247 

SE N 

39.833 6 
35.717 6 
30.405 6 

34.521 6 
15.847 6 
27.254 6 

8.944 6 
7. 746 6 
3.652 6 

0 

o.ooo 
29.333 
10.000 

40.000 
58.333 
15.000 

48.333 
45.000 
15.000 

SE 

o.ooo 
15.591 
10.000 

29.636 
26.760 

9.574 

24.141 
27.417 
11 .475 

Reproductive plant density (8/m"2) 

SE N 

21.705 6 
11.667 6 
11.475 6 

9. 545 6 
11.667 6 
3. 073 6 

3.652 6 
16.617 6 

6. 541 6 

0 

16.667 
9.333 
1.667 

6.667 
36.667 
1.667 

10.000 
21.667 

0.000 

SE 

16.667 
4.014 
1.667 

4.216 
17.449 

1.667 

6.325 
11.091 

OoOOO 

Ephemeral Percent Cover 

SE N 

o.ooo .6 
0.000 6 
o.ooo 6 

0.000 
0. 059 
0.045 

0.071 
0.053 
0.059 

0 

0.007 
0.093 
0.690 

0.217 
0.367 
0.573 

0.597 
0.503 
0.693 

SE 

0.004 
0. 064 

. o. 072 

0.107 
0.135 
0.123 

0. 079 
0.092 
0.154 

D p 

+ 0.1009 
+ 0.4360 

·+ 0.0639· 

+ 0,4533 
0. 5019 

+ 0.1373 

0.4927 
0. 8642 

+ 0.2U3 

D p 

+ "0.3528 
0. 7925 
0.0641 

0.0003 
0. 9165 
0.0956 

0 1. 0000 
+ 0.3403 
+ 0.0212 

D p 

o:1147 
0 .195 7 
0. 0001 

0.0416 
0.2496 
0.0065 

0. 0119 
0.0495 
0.0249 

A-1 

N 

6 
,6 
6 

6 
6 
6 

N 

6 
6 
6 

.6 
6 
6 

N 

0 
0 
0 

N 

.6 
6 
6 

Size Class Two (2.5·5 em) density (8/m"2) 

c 

123.333 
55.000 
99.333 

18.333 
103.333 

60.000 

55.000 
43.333 
50.000 

SE N 

45.510 .6 
31.279 6 
39.023 6 

10.139 
50.772 
24.495 

35.295 
9 .199 

15.275 

6 
6 
6 

0 

28.333 
41.667 
40.000 

231.667 
80.000 
13.333 

63.333 
133.333 

25.000 

SE 

28.333 
14.240 
40.000 

122.459 
50.596 

7.149 

23.333 
65.047 
14.318 

D 

+ 
+ 
+ 

+ 

p 

0.1068 
0.7062 
0.4074 

0. 3004 
0.7515 
0. 09 74 

0. 84 78 
0.2317 
0.2600 

Size Class Pour (> 10 em) density (8/m"2) 

c 

43.333 
23.333 
56.667 

143.333 
55.000 
16.667 

40.000. 
100.000 

53.333 

c 

c 

0.467 
0.167 
0 .. 340 

o.9oo 
0.383 
0.193 

0.387 
0.500 
0. 413 

SE 

27 .• 162 
16.667 
26.791 

N 

13.333 6 
25.659 6 

7.601 6 

15.056 
23.944 
14.530 

0 

21.667 
10.000 

1.667 

20.000 
65.000 
3.333 

.53.333 
60.000 
16.667 

SE 

21.667 
4.472 
1.667 

12.910 
26.173 

2.109 

21.239 
19.833 

9.029 

Receptacle density (8/m"2) 

SE N 0 SE 

Fucu~ Percent Cover 

SE N 

0.204 . 6 
0. 091 6 
0.144 6 

0.054 6. 
0.!01 6 
0.047 6 

0.063 
0.094 
0.085 

0 

0.090 
0.070 
0. 050 

.0.217 
a .360 
0.057 

0.290 
0.370 
0.140 

SE 

0.076 
0.027 

' 0. 026 

0. 074 
0.103 
0.029 

o. 092 
0.101 
0. 092 

D p 

+ 0.5469 
+ 0.4576 
+ 0.0099 

+ 0~0001 
0. 7905 
0.1219 

0. 619 7 
+ 0.2272 
+ 0.0517 

D p 

D p 

+ 0.0959 
+ 0.5331 
+ 0.0722 

+ 0.0004 
+ o.soao 
+ 0.0215 

+ 0.2795 
0.3576 
0,0301 

standard error: 0 



'!:able A-2. Fucus Attributes. Herring Bay. Sheltered Rocky. July 1990. 
Results of statistical differences between means of oiled and -control site pairs. MVD = meter vertical drop; N = sample slze; c = control mean; o = oiled mean; ·sE 
direction of difference; + = control > oiled; - = control < oiled; o = control = oiled; P = probability value; dashes = no data. 

Site Pair 

12J1C/1231X 
1732C/1732X 
38llC/36llX 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 
1732C/1732X 
38llC/36llX 

size Class one (<• 2 em) density (ll/m"2) 

MVD N c 

2 
2 
2 

3 
3 
3 

6 2626.667 
6 876.667 
6 721.667 

6 291.667 
6 4366.667 
6 650.000 

1543.333 
4940.000 
1563.333 

SE 

1302.602 
217.726 
435.694 

74.613 
2256.094 

312.506 

·699 .246 
2100.151 

500.877 

N 0 

6 2656.667 
6. 735.000 
6 1386.667 

3636.667 
678.333 

1486.667 

826.667 
442J.333 

68.333 

SE 

2656.667 
299.753 
918.592 

1484.686 
361.270 
590.698 

·301. 813 
2970.075 

17.591 

D 

+ 

+ 

+ 
+ 
+ 

p 

0.9921 
0. 7102 
0. 5278 

0. 0275 
0.2819 
0.2391 

0.3689. 
0. 8899 
0.0005. 

size Class 'l:hree (5.5-10 em) density (#/m"2) 

Site Pair MVD N 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 2 
1732C/1732X 2 
3811C/3611X 2 

1231C/1231X 3 
1732C/1732X 3 
3811C/3611X 3 

6 
6 
6 

Site Pair MVD N 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 
1732C/1732X 
3BllC/361lX 

2 
2 
2 

1231C/1231X · 3 
1732C/1732X 3 
3BllC/361lX 3 

6 
6 
6 

6 
6 
6 

Site Pair MVD N 

1231C/l231X 
1 732C/l732X . 
3BllC/36llX 

1231C/1231X 
1732C/1732X 
3BllC/36llX 

2 
2 
2 

1231C/1231X 3 
1732C/1732X 3 
381l'C/3611X 3 

c 

150.000 
70.000 

130.000 

116.667 
46.667 
53.333 

48.333 
38.333 
28.333 

c 

53.333 
16.667 
21.667 

55.000 
26.667 
10,000 

6.667 
25.000 
18.333 

c 

0. 000 
o .. 000 
o.ooo 

0.003 
0. 067 
0.063 

0.227 
0.207 
0.193 

SE N 

69.905 6 
38.987 6 
59.777 6 

55.237 
20.111 
26.416 

16.6I7 6 
7.923 6 
6. 541 6 

0 

0.000 
25.000 
21.667 

31.667 
48.333 
13.333 

41.667 
48.333 
13.333 

SE 

0.000 
10.567 
21.667 

19.394 
23.154 

8. 819 

25.353 
30.921 
11.450 

Reproductive plant density (ll/m"2) 

SE N 

24.450 6 
16.667 6 

7.923 6 

10.567 6 
9.545 6 
3. 652 6 

4.944 6 
9.916 6 
5.426 6 

0 

16.667 
6.667 
1.667 

3.333 
35.000 

0.000 

10.000 
16.667 
o.ooo 

SE 

16.667 
4.216 
1. 667 

3.333 
18.028 
o.ooo 

6.325 
9 :as a 
0. 000. 

Ephemez::al Percent Cover 

SE 

o.ooo 
o.ooo 
o.ooo 

0.003 
0.027 
0. 034 

0. 091 
0. 043 
0.076 

N 0 

0.003 
0.057 
0.647 

0.123 
0.320 
0.650 

0.553 
0.4iO 
0.647 

SE, 

0.003 
o. 038 
o. 052 

0.054 
0.117 
0. 080 

0.107 
0.058 
0.159 

D p 

+ 0.0847 
+ 0.2913 

0.1192 

+ 0.1772 
0.9517 

+ 0.1814 

0.8304 
0.3524 

+ 0.2818 

D 

+ 0.2436 
+ 0. 7090 
+ 0.0596 

0 0 0009 
0.6915 

+ 0.0409 

0.6867 
+ 0.5650 

0.0197 

D p 

0.3632 
,0.1814 
0.0001 

.0.0273 
0.1365 
0.0001 

0. 0468 
0.0228 
0.0236 

A-2 

N 

6 
6 
6 

N 

6 
6 
6 

N 

N 

6 
6 
6 

Size C1ass Two (2.5·5 em) density (ll/m"2) 

c 

406.667 
58.333 

183.333 

70.000 
86.667 
80.000 

140.000 
51.667 
48.333 

SE 

182.586 
30,267 
78.599 

36.240 
39 .129 
26.204 

82.341 
11.317 
16.210 

N 

6 
6 
6 

6 
6 
6 

0 

61.667 
50.000 
35 :ooo 

263,333 
83.333 
21.667 

71.667 
153.333 

25,000 

SE 

61.667 
19.833 
33.040 

146.189 
54.324 
12.225 

26.635 
61.192 
14.549 

D 

+ 
+ 
+ 

+ 
+ 

+ 

+ 

p 

0.1037 
0. 8225 
0,1125 

0.6747 
0.9613 
0.0713 

0.4481 
0.2173 
0.3092 

Size Class Pour (> 10 em) density (ll/m"2) 

c 

60.000 
31.667 
45.000 

175.000 
56.667 
20.000 

38.333 
85.000 
53.333 

c 

c 

0.473 
·o .16o 
0.383 

0.780 
0.387 
0.117 

0.437 
0.383 
0.,330 

SE 

27.689 
19.221 
19.791 

N 

28.607 6 
30.295 6 

8.944 6 

15.366 
20.616 
16,056 

0 

15.000 
5.ooo· 
3.333 

21.667 
61.667 
6.667 

60.000 
63.333 
18.333 

SE 

15.000 
3.416 
3.333 

14.240 
23.154 

4.216 

25.691 
23.758 

9.098 

Receptacle density (tl/m"2) 

SE N 0 SE 

Fucti.s ~eroent Cover 

SE 

0.198 
0. 086 
0.149 

0.022 
0.095 
0.030 

N 

0.070 6 
0.102 6 
0. 073 6 

0 

0. 073 
0.063 
0,040 

0.203 
0.290 
0.037 

0.313 
0.313 
0~. 123 

SE 

0.073 
0.029 
o .• 029 

0.066 
0.103 
0.021 

0.126 
o. 072 
0.060 

D p 

+ 0.1835 
+ 0.4487 
+ 0.0149 

+ 0,0007 
0. 8983 

+ 0,2073 

0.4858 
+ 0.5066 
+ 0.0871 

D 

D p 

+ 0.0626 
+ 0.4666 
+ 0.0371 

+ 0.0021 
+ 0~.4145 
+ 0.0279 

+ 0.3553 
+ 0.6148 
+ 0.0410 

standard error: D 



Table A-3. Fucus Attributes. Herring Bay. Sheltered Rocky. July 1990. 
Results of statistical differences between means of oiled and control site pairs. MVD = meter vertical drop; N = s~mple size; c = control mean; 0 oiled mean; SE 
direction of difference; + = control > oiled; - = control < o~led; o = control = oiled: P = probability value; dashes = no data. 

Site Pair 

1231C/1231X 
1732C/1732X 
38llC/36llX 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 
1732C/1732X 
3811C/3611X 

Size Class One (<• 2 om) density (~/m.2) 

MVIl N c 

2 
2 
2 

3 
3 
3 

2373.333 
76S.OOO 
39S.OOO 

308.333 
3798.333 

695.000 

6 1178.333 
6 4641.667 
6 1383.333 

SE 

1314.934 
204.986 
234.617 

162.017 
18S8. 719 

438.214 

497.972 
1802.769 

488.840 

N 

6 
6 
6 

6 
6 
6 

0 

2968.333 
998.333 

1201.667 

4278.333 
87S.OOO 

2808.333 

1016.667 
4393.333 

73 .333 

SE 

2962.337 
473.367 
807.037 

1794.099 
573.409 

1071.807 

258.929 
2796.378 

18.197 

D 

+ 

+ 
+ 
+ 

p 

0.8580 
0.6607 
0.3S98 

0.0276 
0.1638 
0.0980 

0.7192· 
0.9420 
0.0014 

Size Class Three (S.5·10 om) density (8/m.2) 

Bite Pair MVIl N 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 2 
1732C/l,732X 2 
3811C/3611X 2 

1231C/1231X 3 
1732C/1732X 3 
3811C/3611X 3 

Site Pair MVD N 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 2 
1732C/1732X 2 
3811C/3611X 2 

1231C/1231X 
1732C/1732X 
3811C/3611X 

6. 
6 
6 

Site Pair MVll N 

1231C/1231X 
1 732C/1 732X 
3811C/3611X 

1231C/1231X 2 
1732C/1732X 2 
3811C/3611X 2 

1231C/1231X 
1732C/1732X 

. 38!1C/3611X 

c 

165.000 
53.333 
93.333 

98.333 
35.000 
43.333 

56.667 
38,333 
40.000 

c 

48.333 
18.333 
18.333 

48.333 
16.667 

s.ooo 

10.000 
15.000 
5,000 

c 

o.ooo 
o.ooo 
0.000 

0.003 
0.067 
0.117 

0.173 
0. 210 
0.210 

SE N 

72.790 6 
37.S65 6 
37.208 6 

47.358 
14.716 
14.298 

27.162 
9.098 
5.164 

0 

o.ooo 
30.000 
25.000 

31. 66 7 
51.667 

8. 333 

46.667 
66.667 
18.333 

SE 

0. 000 
14.142 
2S.OOO 

17.780 
2S. 61S 

6.541 

22.755 
39.044 
14.701 

Reproductive plant density (8/m-2) 

SE N 

23.010 6 
18.333 6 

7. 491 6 

8.724 6 
9.189 6 
2.236 6 

6. 831 6 
7. 638 6 
2.236 6 

0 

10.000 
3.333 
1. 667 

s.ooo 
18.333 

o.ooo 

5.000 
16.667 

0.000 

SE 

10.000 
3.333 
1.667 

3.416 
11.081 

o.ooo 

3.416 
8.028 
0.000 

Ephemeral Percent cover , 

SE 

0. 000 
0.000 
0. 000 

0.003 
0. 029 
0. 049 

0. 056 
0.055 
0. 066 

N 0 

0.003 
0. 073 
0.817 

0.113 
0.337 
0. 570 

0.547 
0.4S3 
0.670 

SE 

0. 003 
0.062 
0. OJ! 

0.056 
0.123 
0.087 

0.090 
0. 084 
0.147 

D p 

+ 0.0727 
+ 0.5739 
+ 0.1584 

+ 0.2169 
0. 5854 
0. 0502 

0. 7.835 
0.3179 

+ 0.1945 

D p 

+ 0.1575 
+ 0.8504 

0.0644 

D 

0. 0009 
0.9101 
0.0756 

0.5275 
0.8834 
0.0756 

p 

0. 3632 
0.2262 
0. 0001 

·o.o389 
0.1267 
0.0016 

0.0074 
0. 0327 
0 0 0179 

A-3 

N 

6 
6 
6 

N 

N 

N 

Size Class Two (2.5-5 om) density (8/m.2) 

c 

373.333 
ss.ooo 

133.333 

S6.667 
as. ooo 
76.667 

133.333 
60.000 
63.333 

SE 

15S.192 
24 .S97 
65.507 

27.406 
36.309 
26.289 

N 

6 
6 
6 

6 
6 
6 

83.971 6 
18.619 6 
18.S59. 6 

0 

4S.OOO 
43.333 
so.ooo 

216.667 
88.333 
16.667 

68.333 
181.667 

23.333 

SE 

4S.OOO 
14. 7S7 
48.028 

122.S74 
so .161 
9.54S 

24.279 
89.122 
14 .. 757 

D 

+ 
+ 
+ 

+ 

p 

0. 0696 
0. 6928 
0.3291 

0.5306 
0.9581 
o. OS7S 

+ 0.4742 
0. 4272 

+ 0.122S 

Size Class Four (> 10 om) density (8/m.2) 

c 

5S.OOO 
30.000 
58.333 

170.000 
48.333 
20.000 

46.667 
78.333 
55.000 

c 

c 

0. 440 
0.167 
0.377 

0.693 
0.320 
0.200 

0.450 
0. 403 
0.340 

SE N 

26·;677 6 
. 22.361 6 

24.822 6 

29.889 
24.141 

7.303 

22.161 6 
16.415 6 
16.882 6 

0 

11.667 
8.333 
1.667 

23.333 
56.667 

5.000 

43.3J3 
63.333 
16.667 

SE 

11.667 
4. 014 
1.667 

14.757 
18.915 
3,416 

18.197 
26.416 

7.601 

Receptacle density !*/m'2) 

SE N 0 SE 

Fucus Percent Cover 

SE 

0.184 
0. 094 
0.148 

N 

0.075 6 
0.108 6 
0.052 6 

0.054 6 
0.113 6 
0. 092 6 

0 

0.087 
0. 067 
0. 040 

0-213 
0.280 
0. 040 

0.280 
0.330 
0.077 

SE 

0.087 
0.028 
0.032 

0.076 
0.101 . 
0.014 

0.098 
0.082 
0.035 

D p 

+ 0.1675 
+ 0.8100 
+ 0.0085 

+ 0.0013 
0. 7914 

+ 0.0924 

+ 0.9098 
+ o. 6400 
+ 0 0 0652 

D p 

D p 

0.0625 
+ 0.5056 
+ 0.0398 

0.0034 
+ 0.693S 
+ 0.008S 

0 .13 79 
0. S482 
0.0450 

standard ·error; D = 



Table A-4. Pucus Attributes. Herring Bay. Sheltered Rocky. AUgust 1990. 
Results of statistical differences between means of oiled and control site pairs. MVD = meter vertical drop; N = sample size; c = control mean; o oiled mean; SE 
direction of difference; + = control > oiled; - = control < oiled; o = control = oiled; P = probability value; dashes = no data. 

Site Pair .MVD N 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 
1 732C/1732X 
3811C/3611X 

1231C/1231X 
1732C/1732X 
3BllC/36llX 

2 
2 
2 

3 
3 
3 

6 
6 
6 

6 
6 
6 

S;\.te .Pair MVD N 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 
1732C/1732X 
3811C/3611X 

2 
2 
2 

1231C/1231X 3 
1732C/1732X 3 
3811C/36llX 3 

6 
6 
6 

site Pair MVD N 

1231C/1231X 
1732C/1732X 
3BllC/3611X 

1231C/1231X 
1732C/1732X 
3811C/3611X 

2 
2 
2 

1231C/1231X 3 
1732C/1732X 3 
3811C/3611X 3 

6 
6 
6 

Site Pair MVD N 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 2 
1732C/1732X 2 
3811C/3611X 2 

1231C/1231X 
l732C/1732X 
3811C/3611X 

3 
3 
3 

Size Class one (<= 2 em) density (ll/m'2) 

c 

3951.667 
1273.333 

621.667 

425.000 
5056.667 

858.333 

"1368. 333 
6460.000 
1343.333 

SE 

2029.807 
331. 55'9 
383.522 

124.760 
2795.596 

404,981 

601.866 
2463.150 

490.555 

N 0 

2400.000 
1361.667 
916.667 

4608.333 
948.333 

3553.333 

1305.000 
6786.667 

81.667 

SE 

2392.005 
595.015 
633.902 

1660.332 
574.563 

1326.333 

429.851 
4445.196 

27.498 

D 

+ 

+ 

+ 

p 

0. 6316 
0. 8994 
0. 6989 

0. 0068 
0. 2652 
0. 0806 

0. 9334 
0.9500 
0. 0166 

Size Class Three (5.5-lO em) density (ll/m'2) 

c 

153.333 
58.333 

100.000 

108 .• 333 
31.667 
48.333 

45.000 
35.000 
31.667 

c 

45.000 
16.667 
2o.ooo 

48.333 
6.667 
3.333 

6. 667 
0. 000 
0.000 

c 

o.ooo 
o.ooo 
0.000 

0.030 
0.050 
0.040 

0.263 
0.157 
0.153 

SE N 

71.864 6 
34.777 6 
40.579 6 

50.360 6 
13.017 6 
18.333 6 

17.078 
9.574 
7.032 

0 

0.000 
26.667 
26.667 

26.667 
40.000 
8.333 

40.000 
61.667 
13.333 

SE 

0.000 
11.738 
26.667 

17.448 
i7 .512 
6.541 

24.900 
31.981 

8.028 

Reproductive plant density (ll/m'2) 

SE N 

22.023 6 
16.667 6 
6. 831 6 

10.462 6 
4.944 6 
3. 333 6 

6.667 
0.000 
0.000 

0 

5.000 
5.000 
l. 667 

3.333 
13.333 

0.000 

5.000 
3.333 
o.ooo 

SE 

5.000 
3.416 
1.667 

2.108 
9.888 
o.ooo 

3.416 
2.108 
o.ooo 

Ephemeral Percent Cover 

SE 

0.000 
0. 000 
0. 000 

0.021 
0. 029 
0. 019 

0. 068 
0.048 
0. 054 

N 0. 

0.000 
0.040 
0.680 

0.180 
0.237 
0.427 

0.390 
0.303 
0.577 

SE 

0. 000 
0.033 
o. 031 

0.119 
0. 083 
0.108 

0.081 
0. 056 
0.176 

D p 

+ 0.0860 
+ 0.4085 
+ 0.1619 

+ 0.1565 
0. 7105 

+ 0. 0669 

+ 0.8718 
0.4430 

+ 0.1166 

D p 

+ 0 0 2043 
+ 0.7541 

0. 0605 

+ 0. 0049 
0 0 5599 
0. 3632 

+ 0.8284 
0.1747 

0 1. 0000 

D p 

0 1.0000 
0.21:38 
0. 0001 

0.1993 
0.1208 
0.0042 

0. 2783 
0. 0754 
0. 0383 

A-4 

Size Class Two (2.5-5 am) density (ll/m'2) 

N 

6 
6 
6 

6 
6 
6 

c 

"390.000 
65.000 

166.667 

76.667 
86.667 
66.667 

116.667 
58.333 
48.333 

SE 

173.801 
28.255 
60.259 

36.938 
42.635 
22.755 

74.863 
15.366 
14.926 

N 

6 
6 
6 

6. 

6 
6 

_0 

68.333 
48.333 
46.667 

398.333 
61.667 
41.667 

96.667 
206.667 

20.000 

SE 

68.333 
17.780 
42.714 

230.989 
39.616 
19.047 

20.763 
lOB .526 
10.328 

D 

+ 
+ 
1" 

+ 
+ 

+ 

+ 

p 

0.1157 
0.6284 
0.1353 

0. 6211 
0.6766 
0.4192 

0.8021 
0.4472 
0.1496 

Size Class Four (> 10 am) density (41/m'2) 

N 

6 
6 
6 

6 
6 
6 

N 

c 

51.667 
30.000 
58.333 

173.333 
38.333 
23.333 

33.333 
78.333 
51.667 

c 

6 1343.333 
6 328.333 
6 93.333 

N 

6 
6 
6 

286.667 
B .333 
5.000 

43.333 
0.000 
0.000 

c 

0.467 
0.167 
0.380 

0.763 
0. 340 
0.207 

a. 410 
0.460 
0.357 

SE 

24.002 
22.211 
25.221 

30.623 
17.401 
8.028 

14.9 82 
23.298 
14.926 

N 0 

11.667 
6.667 
1.667 

2·1. 667 
48.333 
5.000 

50.000 
56.667 
16.667 

SE 

11.667 
3.333 
'1.667 

15.147 
16.004 
3.416 

21.135 
24.450 

7.601 

Receptacle density (l#/m'2) 

SE 

619.907 
328.333 

36.301 

94.857 
6. 541 
5.000 

43.333 
o.ooo 
o.ooo 

N 0 

53.333 
35.000 
1.667 

8.333 
70.000 

0.000 

11.667 
30.000 
o.ooo 

SE 

53.333 
31.172 

1.667 

6.541 
51.251 

0.000 

8.333 
21.603 

0.000 

Fucus Percent Cover 

SE 

0.192 
0.082 
0.144 

0.064 
0.116 
0.064 

0.066 
0. 096 
0. 073 

N 0 

0.087 
0.090 
0.033 

0.253 
0.317 
0.033 

0.290 
0.287 
0.090 

SE 

0.087 
0.044 
0.022 

.0. 085 
. 0.101 

0.010 

0.121 
0.104 
0.043 

D p 

+ 0.1648 
+ 0.4758 
+ o.ooe8 

+ 0.0013 
0. 6812 

+ 0.0619 

0. 5345 
+ 0.5356 
+ 0.0632 

D p 

+ 0.1872 
+ 0. 8231 
+ 0.0404 

+ 0.0005 
0. 7130 

+ 0.3632 

+ 0.7407 
0. 2236 

0 1.0000 

D p 

+ 0. 0729 
+ 0.4593 
+ 0.0321 

+ 0.0028 
+ 0.7997 
+ 0.0118 

0.3211 
+ 0.2192 
+ 0.0091 

at andard error; D 



Table A-5. Fueus Attributes. Herring Bay. Sheltered Rocky. August 1990. 
Results of statistical differences between means of oiled and control site pairs. MVD = meter vertical drop; N = sample size; c = control mean; 0 oiled mean; SE 
direction of difference; + = control > oiled; - = control < oiled; o = control = oiled; P = probability value; dashes = no data. 

Site Pair MVD N 

1231C/1231X 
1 732C/1 732X 
3811C/3611X 

1231C/123lX 
1732C/1 732X 
3811C/3611X 

1231C/1231X 
1 732C/l 732X 
3811C/3611X 

2 
2 
2 

3 
3 
3 

Site Pair MVD N 

1231C/1231X 
1732C/1 732X 
3811C/3611X 

1231C/1231X 2 
1732C/1732X 2 
3811C/3611X 2 

1231C/1231X 
1732C/1732X 
3811C/3611X 

6 
6 
6 

Site Pair MVD N 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 2 
1732C/1732X 2 
3811C/3611X 2 

1231C/1231X 3 
1732C/1732X 3 
3811C/3611X 3 

6 
6 
6 

site Pair MVD N 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 2 
1732C/1732X 2 
3811C/3611X 2 

1231C/1231X 3 
1 732C/1 732X 3 
3811C/3611X 3 

Size Class One (<= 2 em) deneity (#/m.2) 

c 

3141.667 
1215.000 
515.000 

238.333 
6841.667 
851.667 

1530.000 
7063.333 
2158.333 

SE 

2021.622 
360.682 
310.813 

137.123 
3597.045 

426.813 

702.742 
2936.800 

751.831 

N 

6 
6 
6 

6 
6 
6 

6 
6 
6 

0 

2188.333 
1203.333 
1421.667 

4060.000 
1340·. 000 
3 671.667 

1203.333 
5556.667 

121.667 

SE 

2184.336 
494.440 
991.257 

1873.795 
501.558 

1288.993 

414.171 
3080.079 

65.900 

D 

+ 

p 

0. 7553 
0.9852 
0.4033 

0.0191 
0. 4188 
0.0645 

0. 6972 
0. 7307 
0. 0002 

Size Class Three (5.5-10 em) density (#/m.2) 

c 

173.333 
33.333 

123.333 

8o.ooo 
33.333 
63.333 

41.667 
38.333 
40.000 

c 

45.000 
15.000 
18.333 

23.333 
o.ooo 
1.667 

5.000 
0.000 
o.ooo 

c 

o.ooo 
o.ooo 
0.103 

o.ooo 
0. 033 
0.177 

0.103 
0.150 
0.197 

SE N 

78.895 6 
19.607 6 
44.171 6 

37.506 6 
14.530 6 
26.916 6 

17.208 6 
9.098 6 
9.310 6 

0 

o.ooo 
28.333 
21.667 

21.667 
53.333 
5.000 

38.333 
58.333 
13.333 

SE 

0. 000 
11.371 
21.667 

14.24 0 
24.989 
3.416 

20.235 
37. 896 
9.888 

Reproductive plant density C*/m.2) 

SE N 

21.253 6 
15.000 6 

6.541 6 

7. 601 6 
o.ooo 6 
1. 667 6 

5. 000 
0 .ooo 
0. 000 

0 

5.000 
3.333 
1. 667 

o.ooo 
11.667 
0.000 

3.333 
3.333 
0.000 

SE 

s.ooo 
2.108 
1.667 

o.ooo 
6.541 
0.000 

2.108 
2.108 
o.ooo 

Ephemeral Percent Cover 

SE 

0'.000 
0.000 
0.071 

0. 000 
0.021 
0. 091 

0. 064 
0.032 
0. 055 

N 0 

0.003 
0.043 
0.607 

0. 137 
0.277 
0.293 

0.303 
0.310 
0.590 

SE 

0.003 
0. 029 
0. 040 

0. 091 
0.094 
0.091 

0.070 
0.054 
0.177 

D p 

+ 0.0794 
+ 0.8299 

0.0657 

+ 0.1766 
0. 5 04 7 
0. 0453 

+ 0.9026 

D 

0.2661 
0.0780 

p 

+ 0.2037 
+ 0.7921 

0.0628 

0.0278 
0 .1345 

+ 0.3632 

+ 0.7650 
0.174 7 

0 1. 0000 

D p 

0. 3632 
0.1787 
0.000.4 

0. 0877 
0.0560 
0. 2742 

0.0376 
0. 0372 
0. 06 78 

A-5 

N 

6 
6 
6 

N 

6 
6 
6 

6 
6 
6 

N 

0 
0 
0 

N 

6 
6 
6 

Size Class Two (2.5-5 em) density C*/m.2) 

c 

530.000 
50.000 

178.333 

53.333 
78.333 
90.000 

153.333 
50.000 
76.667 

SE 

236.136 
19.664 
80.681 

23.046 
35 .536 
33.466 

89. 691 
14.376 
18.915 

N 

6 
6 
6 

0 

81.667 
51.667 
38.333 

366.667 
118.333 
21.667 

83.333 
351.667 

25.000 

SE 

81.667 
20.883 
36.370 

229.575 
68.625 
10.138 

22.311 
187.482 

13.602 

D 

+ 

+ 

+ 

p 

0.1030 
0. 9548 
0.1447 

0.4166 
0. 6160 
0. 0792 

0.3593 
0.2138 
0. 0509 

Size Class Pour (> 10 em) density C*/m.2) 

c 

66.667 
30.000 
73.333 

170.000 
48.333 
26.667 

43.333 
68.333 
46.667 

c 

c 

0.467 
0.217 
0.413 

0. 760 
0.380 
0. 200 

0.410 
0. 493 
0.290 

SE N 

29. 174 6 
17.512 6 
29. 059 6 

30.876 6 
26.130 6 

8. 819 6 

14.982 
19.734 
13.824 

0 

11.667 
11.667 

1.667 

21.667 
61.667 

6.667 

48.333 
53.333 
18.333 

SE 

11.667 
5.426 
1. 667 

15.147 
19.903 
4.216 

22.718 
20.923 

8.333 

Receptacle density (#/m-2) 

SE N 0 SE 

Fucus Percent Cover 

SE 

0.196 
0.111 
0.152 

0.051 
0.100 
0.068 

0.067 
0. 098 
0. 079 

N 0 

0. 071 
0.060 
0.040 

0.240 
0.277 
0. 037 

0.263 
0.307 
0.120 

SE 

0.077 
0.027 
0.024 

0. 083 
0. 079 
0.012 

0.102 
0.113 
0.064 

D p 

+ 0.1106 
0.3409 

+ 0.0079 

+ 0.0015 
0. 6933 

+ 0.0680 

0. 8579 
+ 0. 6134 
+ 0.1097 

D p 

D p 

0.0708 
0.3268 

+ 0. 0339 

+ 0.0018 
0.4021 
0.0402 

+ 0.1952 
+ 0.1958 

0. 0972 

standard error; D 



'rable A-6. Fucus Attributes. Herring Bay. Sheltered. Rocky. s·epteml:>er 1990. 
Results of statistical differences between means of oiled and control site pairs. MVD = mecer vertical drop; N = sample size; c = co~trol mean; 0 oiled mean; SE 
direction of difference; + = control > oiled; - = control < oiled; o = control = oiled; P = probability value; dashes = no data. 

Site Pair 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 
1732C/1732X 
3811C/3611X 

Size Class one (<• 2 em) density (*/m"2) 

MVD N c 

2 
2 
2 

3 
3 
3 

6 3198.333 
6 1380.000 
6 436.667 

370.000 
6661. 667 

770.000 

1845.000 
8731. 667 
2156.667 

SE 

1604.395 
396.493 
225.665 

78.867 
3483.704 

406.858 

799:078 
3295.794 

845.970 

N 0 

2668.333 
1563.333 
991.667 

4015.000 
945.000 

4848.333 

1440.000 
6091.667 
145.000 

SE 

2638.402 
727.758 
627.574 

1775.764 
331.358 

1635.450 

536.134 
3368.546 

64.226 

D 

+ 

p 

0. 8671 
0.8294 
0.4247 

- -o.oo5o 
0.0768 
0.0176 

+ 0.6827 
0. 5877 
o .• 0016 

Size Class Three (5.5-10 em) density (41/m"2) 

Site Pair 

1231C/12J1X 
1732C/1732X 
3811C/3611X 

1231C/1231X 
1732C/1732X 
3811C/3611X 

MVD N 

2 
2 
2 

1231C/1231X 3 
1732C/1732X 3 
3811C/3611X 3 

Site Pair 

1231C/1231X 
1732C/1732X 
3811C/3611X 

MVD N 

1231C/1231X 2 
1732C/1732X 2 
3811C/3611X 2 

1231C/1231X 3 
1732C/1732X 3 
3811C/3611X 3 

Site Pair 

1231C/1231X 
1732C/1732X 
3811C/3GllX' 

1231C/1231X 
1732C/1732X 
3811C/3611X 

MVD N 

2 
2 
2 

1231C/1231X 3 
_1732C/1732X 3 

3811C/3611X • 3 

c 

155.000 
65.000 
83.333 

90.000 
35.000 
41.667 

40.000 
38.333 
33.333 

c 

40.000 
11.667 

8.333 

26.667 
0. 000 
1. 667 

1. 667 
0. 000 
1.667 

c 

0.000 
0. 000 . 
0.000 

o.ooo 
0.053 
0. 070 

0 .lc53 
0.143 
0.180 

SE 

69.077 
41.613 
39.553 

N 

41.633 6 
14.776 6 
16.617 6 

17.701 6 
10.716 6 

6.146 6 

0 

0.000 
23.333 
25.000 

26.667 
48.333 
5.000 

43.333 
70.000 
16.667 

SE 

0. 000 
9.888 

25.000 

14.757 
24.141 
3.416 

22.311 
43.050 
13.081 

Reproductive plant density (41/m"2) 

SE N 

20.166 6 
11.667 6 
4.014- 6 

4.216 
0.000 
l. 667 

1. 667 
0.000 
l. 667 

0 

5.000 
1.667 
0.000 

o.ooo 
6.667 
0.000 

5.000 
1.667 
o.ooo 

5.000 
1.667 
o.ooo 

o.ooo 
6.667 
0.000 

2.236 
1.667 
o.ooo 

Ephemeral Percent Cover 

SE 

0.000 
0.000 
0.000 

0.000 
0.029 
0. 044 

0. 069 
0. 045 
0. 056 

N 0 

o.ooo 
0.043 
0. 64 7 

0.123 
0.273 
0.170 

0.443-
0.247 
0.670 

SE 

0.000 
0. 036 
0.086 

0.082 
0.098 
0.059 

0.069 
0,086 
0.140 

D p 

+ 0.0749 
+ 0.5437 
+ 0.2409 

0.1821 
0. 6477 
0.0570 

0.9091 
0.3174 

+ 0.2757 

D p 

+ 0.2106 
+ 0.8139 

o. 0925 

+ 0.0015 
0.3632 

+ 0.3632 

0.2596 
0.3632 

+ 0.3632 

D !? 

0 1. 0000 
0. 2180 
0.0002 

0.1263 
0.1114 
0.0952 

0.0173 
0.2852 
0.0106 

A-6 

N 

6 
6 
6 

N 

6 
6 
6 

N 

0 
0 
0 

N 

6 
6 
6 

Size Class Two (2.5·5 em) density (*/m"2) 

c 

365. boo 
68.333 

106.667 

60.000 
96.667 
66.667 

110.000 
70.000 
60.000 

SE 

166.228 
34.295 
57·.310 

26.077 
39:8o5 
25.647 

79.331 
20.331 
15.492 

N 0 

141.667 
45.000 
40.000 

6 - 69 0. 000 
6 60.000 
6 45.000 

6 
6 
6 

98.333 
311.667 
31.667 

SE 

141. 667 
18.930 
36.056 

490.245 
30.332 
18.212 

20.562 
164.771 

16.210 

D p 

+ 0.3306 
+ .0.5646 
+ 0.3480 

+ 
+ 

+ 

+ 

0.1619 
0.4806 
0.5066 

0.8896 
0. 4884 
0.2350 

Size Class Four (> 10 em) density (41/m"2) 

c 

55.000 
28.333 
60.000 

150.000 
46.667 
25.000 

38.333 
68.333 
45.000 

c 

c 

0. 437 
0·.203 
0.403 

0.667 
0.327 
0.207 

0. 320 
0.443 
0. 293 

_SE 

23,:770 
20.0 69 
24.766 

N 

23.094 6 
22.755 6 

8.851 6 

13.017 
17.966 
14.549 

0 

8.333 
11.667 
1.667 

23.333 
50.000 
6.667 

46.667 
48.333 
16.667 

SE 

8.333 
6.541 
1.667 

15.635 
14.376 

4.216 

21.551 
17.591 

7.601 

Receptacle density (41/m"2) 

SE N 0 SE 

FUcus Percent cover 

SE 

0.181 
0.111 
0.141 

0. 074 
·a .119 
0. 061 

0. 079 
0.103 
0.070 

N 0 

0.070 
0.077 
0.047 

0.193 
0.277 
0.043 

0.267 
0.293 
0.127 

SE 

0.070 
0.032 
0.026 

0.071 
0.082 
0.014 

0.105 
0.082 
0.054 

D p 

+ o. 0936 
+ 0.4481 
+ 0.0086 

+ 0.0011 
0. 9039 

+ 0.0910 

0.7475 
+ 0. 4448 
+ 0.1150 

D p 

D p 

+ 0.0636 
+ 0.4505 

o. 0339 

+ 0.0027 
+ 0. 7324 
+ 0.0173 

+ 0.6673 
0.2690 

+ 0.1003 

standard error; D 



Table A-7. Fuous Attributes. Herring Bay. Sheltered Rooky. April 1991. 
Results of statistical differences between me·ans of oiled and control site pairs. MVD = meter vertical drop; N = sample size; c = control mean; o oiled mean; .SE 
direction of difference; + = control > oiled; - = control < oiled; a = control = oiled; P = probability value; dashes = no data. 

Site Pair 

l23lC/1231X 
1732C/1732X 
3811C/361lX 

1231C/1231X 
1732C/1732X 
381lC/361lX 

1231C/1231X 
1732C/1 732X 
38llC/36llX 

Size Class One (<a 2 om) density (#/m"2) 

MVll N c 

2 
2 
2 

3 
3 
3 

1440.000 
345.000 
290. coo 

38.333 
1398.333 

786.667 

6 1191.667 
6 2128.333 
6 1626.667 

SE N 

616.036 6 
116.326 6 
115.557 6 

25.353 6 
613.745 6 
553.309 6 

577.174 
832.304 
555.714 

0 

918.333 
1226.667 

773.333 

840.000 
535.000 

1350.000 

573.333 
1756.667 

126.667 

SE 

896.513 
584.007 
529.954 

416.973 
128.809 
277.357 

196.293 
1053.368 

49.374 

D' p 

+ 0.6418 

+ 
+ 

0. 8213 
0. 8737 

0.0075 
0. 3946 
0.384! 

0.3344 
0. 7875 
0. 0044 

size Class Three (5.5-10 em) density (#/m"2) 

Site Pair MVD N 

1231C/1231X 6 
1732C/1732X 6 
3811C/3611X 6 

1231C/123lX 2 
1732C/1732X 2 
38llC/361lX 2 

1231C/1231X 3 
1732C/1732X 3 
381lC/36llX 3 

Site Pair 

1231C/1231X 
1732C/1732X 
38llC/36llX 

MVll N 

1231C/1231X 2 
1732C/1732X 2 
3811C/36llX 2 

1231C/1231X 3 
1732C/1732X 3 
3811C/3611X 3 

Site Pair 

1231C/1231X 
1 732C/1 732X 
3811C/3611X 

MVll N 

1231C/1231X 2 
1 732C/1 732X 2 
38llC/36llX 2 

1231C/1231X 3 
1732C/1 732X 3 
3811C/3611X 3 

c 

160.000 
35.000 
73.333 

63.333 
28.333 
38.333 

25.000 
26.667 
11.667 

c 

55.000 
. 28.333 

40.000 

56.667 
23.333 

o.ooo 

10.000 
31.667 
16.667 

c 

o.ooo 
0.003 
0.000 

0.003 
0.303 
0.047 

0.143 
0.467 
0.130 

SE N 

70.427 6 
24.324 6 
24.450 6 

36.209 6 
15.581 6 
16.617 6 

19.279 6 
12.293 6 
1.667 6 

0 

46.667 
33.333 
10. coo 

155.000 
41.667 
13.333 

58.333 
136.667 

16.667 

SE 

46.667 
15.847 

8.165 

121.874 
21.512 

6.667 

26.130 
71.259 
11.156 

Reproductive plant density (#/m'"'2) 

SE N 

25.133 6 
17.966 6 
14.376 6 

10.220 
10.541 

o. 000 

3.652 
10.462 

5 .5_78 

0 

5.000 
11.667 
1. 667 

11.667 
18.333 

1. 667 

11.667 
10.000 
1.667 

SE 

5.000 
5.426 
1.667 

6.541 
12.758 
1. 667 

7.923 
5.164 
1.667 

Ephemeral Percent Cover 

SE 

0 .ooo 
0. 003 
0. 000 

0 .003 
0. 074 
0. 018 

N 

0. 05 7 6 
0. 099 6 
0. 053 6 

0 

0.063 
0.110 
0.320 

0 .. 217 
0.463 
0.467 

o .. 47J 
0.507 
0.783 

SE 

0.029 
0.070 
0.138 

0.118 
0.122 
0.154 

0.087 
0.134 
0.119 

D p 

0.2094 
+ 0.9553 
+ 0.0339 

0. 5061 
0. 6266 

+ 0.1928 

D 

0.3288 
0.1048 
0.1748 

p 

+ 0.1946 
+ 0.3954 

0.0088 

D 

0. 0040 
0.7687 
0.3632 

0. 8523 
0.0929 
0.0276 

p 

0. 0432 
0.1094 
0.0284 

0. 079 8 
0. 4559 
0.0120 

0.0095 
0.8184 
0. 0008 

A-7 

N 

6 
6 
6 

N 

6 
6 
6 

6 
6 
6 

N 

6 
6 
6 

6 
6 
6 

N 

Size C1ass Two (2.5·5 em) density (ll/m"2) 

c 

391.667 
30.000 

116.667 

10.000 
61.667 
75.000 

121.667 
68.333 
23.333 

SE N 

176.888 6 
13.166 6 
69,362 6 

4.472 6 
25.745 6 
22.323 6 

66.704 
15.366 

1.601 

0 

430. coo 
118.333 

66.667 

855. 000 
118.333 
346.667 

218.333 
480.000 

35.000 

SE 

430.000 
58.219 
40.634 

600.065 
46.218 

130,094 

68.089 
197.518 

8. 466 

D p 

0. 9359 
0.5757 
o. 5479 

0. 0045 
0.3093 
0. 0559 

0.3344 
0. 8977 
0.3293 

Size Class FoUr (> 10 om) density (ll/m"2) 

c 

65.000 
23.333 
68.333 

135.000 
35.000 
11.667 

33.333 
43.333 
26.667 

c 

958.333 
_.915. coo 
406.667 

626.667 
408.333 

o.ooo 

70.000 
565.000 
115.000 

c 

0.457 
0.263 
0.350 

0.583 
0.237 
0.117 

0.280 
0.260 
0.177 

SE N 

27.659 6 
13.081 6 
21.200 6 

25.133 6 
18.394 6 

6. 009 6 

12.019 6 
9. 545 6 

14.982 6 

0 

3.333 
5.000 
1.667 

8.333 
21.667 
3.333 

33.333 
38.333 
!1.667 

SE 

3.333 
3.416 
1.667 

5.426 
7.923 
3.333 

22.311 
17.966 

9,804 

Receptacle density (ll/m"2) 

SE 

484.496 
589.993 
154.352 

N 

129.992 6 
181.593 6 

0. 000 6 

41.312 
292.333 

28.137 

0 

36.667 
120.000 

8.333 

81.667 
205.000 

3.333 

SE· 

36,667 
74.342 

8.333 

56.416 
102.136 

3.333 

206.667 166.847 
298.333 224.268 

16.667 16.667 

Fucus Percent cover 

SE 

0.198 
0.131 

.0.128 

0.081 
0.077 
0.040 

N 

0.063 6 
0.085 6 
0.032 6 

0 

0.113 
0.140 
0. 097 

0.307 
0.243 
0.143 

0.287 
0. 403 
0. 083 

SE 

0.113 
0. 048 
0.046 

-0.114 
0.090 
0.059 

0.087 
0.130 
0.064 

D p 

+ 0.0668 
·+ 0.2049 
+ 0.0061 

+ 0.0057 
+ 0.5206 
+ 0.2531 

0 1. 0000 
0.8108 
0. 4217 

D p 

+ 0.1856 
+ 0.8916 
+ 0.0082 

+ 0.0032 
0.3521 
0 .3632 

0. 7819 
+ 0.4858 
+ 0.0132 

D p 

+ . 0.1034 
0.5378 

+ 0.1071 

+ 0.0782 
0.9973 
0. 6201 

0.9935 
0.3950 

+ 0.1047 

standard error; D 



~able A-8, Fucus Attributes. Herring Bay. Sheltered Rocky. June 1991. 
Results of statistical differences between means of oiled and control site pairs. MVD = meter vertical drop; N = sample size; c = control mean; o oiled mean; SE = standard error; D 
direction of difference; + = control > oiled; ~ = control < oil~d; o = control = oiled; P = probability value; dashes = no data. 

Size Class one (<• 2 em) density (l/m"2) 

Site Pair MVD N c 

1231C/1231X 
1732C/1732X 
3811C/36l1X 

1231C/1231X 
1732C/1732X 
3811C/3611X 

2 
2 
2 

1231C/1231X 3 
1732C/1732X 3 
3811C/3611X 3 

6 
6 
6 

1843.333 
2265. 000 

435.000 

6 370.000 
6 3305.000 
6 1215.000 

691. 667 
1775 0 000 
1593.333 

SE 

818.061 
1336.505 

228.163 

160 0 333 
1497.515 

650.993 

273.866 
786.676 
453.907 

N 0 

476.667 
1038.333 
1128.333 

1103 0 333 
868.333 
990.000 

793 0 333 
530.000 
105.000 

SE 

419.306 
450,869 
802.053 

587.915 
309 0 614 
222.815 

293.106 
254.650 

63.232 

D 

+ 
+ 

p 

0.1679 
0.4049, 
0 0 4251 

0 0 2565 
+ 0.4886 
+ o. 7504 

0.8051 
+ 0.1631 
+ 0.0188 

Size Class Three (5.5-10 em) density (l/m"2) 

Site Pair 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 
1732C/1732X 
3BllC/3611X 

1231C/1231X 
l732C/1732X 
:\BllC/36llX 

site Pair 

1231C/1231X 
H32C/l732X 
3911C/3611X 

1231C/1231X 
1732C/1732X 
3911C/3611X 

MVD N 

2 
2 
2 

3 
3 
3 

MVD N 

2 
2 
2 

1231C/1231X 3 
1 732C/1 732X 3 
3Bl1C/3611X 3 

Site Pair· 

1231C/1231X 
1732C/1732X 
3811C/3611X 

MVD N 

1231C/1231X 2 
1732C/1732X 2 
3811C/3611X 2 

1231C/1231X 3 
1732C/1732X 3 
3911C/3611X 3 

c 

195.000 
49.333 
71.667 

61.667 
36 0 667 
28 0 333 

49.333 
45.000 
13.333 

c 

58.333 
31.667 
50.000 

63.333 
21.667 

1.667 

3.333 
25 0 000 

5.000 

c 

0 0 000 
o. 017 
0 0 013 

o.ooo 
0.370 
0.333 

0.290 
0.660 
0. 380 

SE N 

87.474 6 
36.186 6 
21.667 6 

29 0 097 
17.926 
14.926 

30.267 6 
15.964 6 
4.216 6 

0 

10. coo 
38.333 
20 0 000 

335·. 000 
66:667 
51.667 

123 0 333 
231.667 

25 0 000 

SE 

10 0 000 
22.571 
19.074 

234.460 
20.111 
36 0 644 

37.387 
'103 0 872 

11.475 

Reproductive plant dens_i_ty _ {l/m"2) 

SE N 

26.2Si 6 
20.069 6 
15.275 6 

6.667 6 
10 0 776 6 

1. 667 6 

2.108 
8.466 
3.416 

0 

3.333 
13 0 333. 
1.667 

s.ooo 
21.667 

0.000 

10.000 
13.333 

1. 667 

SE 

3.333 
6.667 
1.667 

3.416 
11.377 

0.000 

6.325 
4. 944 
1. 667 

Ephemeral Pe~cent Cover 

SE 

0.000 
0.008 
0.010 

0.000 
0.115 
0.127 

0.044 
0.112 
0 0 086 

N 0 

0.013 
0.087 
0.120 

0.260 
0.473 
0.237 

0.557 
0.540 
0.880 

SE 

0.008 
0.087 
0 0 059 

0.110 
0.144 
0.100 

0.064 
0 0 099 
0 0 059 

D p 

+ 0.0175 
,+ 0.8193 

+ 0.0970 

D 

0.1950 
0.2904 
0 0 5685 

0.1500 
0.2040 
0.3624 

P, 

+ 0.1743 
+ 0.4063 
+ 0.0080 

+ 0.0001 
0 1. 0000 
+ 0.3632 

0 0 34 09 
+ 0.2615 
+ 0.4010 

D p 

0.1747 
'o. 7632 
0.1603 

0 0 0216 
0.6885 

+ 0.5464 

0.0067 
+ 0.4708 

0.0012 

A-8 

N 

N 

N 

N 

Size· Class Two (2.5·5 em) density (l/m"2) 

476.667 
6i.667 

153.333 

13.333 
115.000 
86.667 

109.333 
95.000 
43.333 

SE 

219 0 722 
26.257 
99.154 

6'.146 
56.965 
25 0 254 

N 

6 
6 
6 

63 0 056 ·6 
25.133 6 

4.944 6 

0 

416.667 
96.667-

143.333 

910.000 
163.333 
560.000 

393.333 
436.667 
43.333 

416.667 
47.235 
92 0 039 

382.065 
49.035 

206.527 

124.168 
203 0 743 

21.551 

D 

+ 

+ 

p 

0.9012 
0.6536 
0.9390 

0.0033 
0.5347 
0 0 0260 

0 0 0679 
0.9595 

0 0.3476 

Size Class Four (> 10 em) density (l/m"2) 

c 

55.000 
'38.333 

70.000 

116.667 
35.000 
15.000 

28.333 
43.333 
15.000 

c 

1045 0 000 
945.000 
363.333 

523.333 
271.667 

3.333 

3.333 
373.333 

71.667 

-C 

0.450 
0.233 
0 0 323 

0.657 
0.170 
0.083 

0.283 
0.147 
0.077 

SE N 

25.133 6 
21.357 6 
22.Q61 6 

18 0 559 
17 0 842 
7.638 

12 0 494 
10.541 
6.708 

0 

3.333 
6.667 
3.333 

25 .ooo 
30.000 

1.667 

49.333 
46.667 
10 0 000 

SE 

3.333 
. 3.333 

3.333 

15 0 653 
12.910 

1. 667 

24.279 
20.276 

B. 165 

Receptacle density (l/m"2) 

SE N 

497.619 6 
745.376 6 
148.541 6 

96.217 
152.914 

3.333 

2.108 
218.398 

54 0186 

0 

33.333 
73.333 
10.000 

45. 6ob 
175. ooo 

o. 000 

178.333 
168.333 

13.333 

SE 

33.333 
32.830 
10 0 000 

35.940 
84.725 

0 0 000 

133 0 027 
93 0 074 
13.333 

Fucus Percent Covez;: 

SE 

0.194 
0.112 
0.129 

0.047 
0 0 077 
0.048 

0.059 
0.032 
0.020 

N 0 

0.120 
0.100 
0.113 

0.270 
0.190 
0.257 

0.277 
0.357 
0.057 

SE 

0.120 
0.037. 
0. 046 

0.114 
0.069 
0. 097 

0 0 062 
0.130 
0.031 

D p 

+ 0.1766 
+ 0.6764 

0.0110 

+ 0.0036 
+ 0.9250 
+ 0.0759 

0.4907 
0.9969 

+ 0 0 6463 

D p 

+ 0.1793 
+ 0.9115 
+ 0.0091 

+ 0.0009 
+ 0.5924 
+ 0.3632 

0.2932 
+ 0.4081 
+ 0.4912 

D p 

+ 0.1065 
+ 0.4900 
+ 0.2291 

+ 0.0176 
0.6818 
0 0 0887 

0.9433 
0.1973 

+ 0.4516 



Table A-9. Fucua Attributes. Herring Bay. Sheltered Rocky. August 1991. 
Results of statistical differences between means of oiled and control site pairs. MVD = rnet.er vertical drop; N = sample size; c = control mean; o oiled mean; SE 
direction of difference; + = control > oiled; - = control < oiled; o = control = oiled; P = probability value; dashes = no data. 

Site Pair 

1231C/1231X 
1 732C/1732X 
3811C/3611X 

1231C/1231X 
1 732C/1 732X 
3811C/3611X 

1231C/1231X 
1732C/1732X 
3811C/3611X 

Site Pair 

1231C/1231X 
1732C/1732X 
3811C/3611X 

MVll N 

2 
2 
2 

3 
3 
3 

MVll N 

1231C/1231X 2 
1732C/1732X 2 
3811C/3611X 2 

1231C/1231X 3 
1732C/1732X 3 
3811C/3611X 3 

Site Pair 

1231C/1231X 
1732C/1 732X 
3811C/3611X 

MVll N 

1231C/1231X 2 
1732C/1 732X 2 
3811C/3611X 2 

1231C/1231X 3 
1732C/1732X 3 
3811C/3611X 3 

Site Pair 

1231C/1231X 
1732C/1732X 
3811C/3611X 

MVll N 

1231C/1231X 2 
1 732C/1 732X 2 
3811C/3611X 2 

1231C/1231X 3 
1 732C/1 732X 3 
3811C/3611X 3 

size Class one (<= 2 em) density (#/m"2) 

c 

1746.667 
1815.000 
385. 000 

1253.333 
4358.333 
1075.000 

755. 000. 
2966.667 
2758.333 

SE 

861.877 
1181.431 

123.309 

481.308 
2768.987 

424.490 

255.444 
1222.388 

788.989 

N 

6 
6 
6 

6 
6 
6 

0 

351.667 
995.000 
625.000 

635.000 
733.333 

1026.667 

740.000 
1605.000 

151.667 

SE 

307.727 
587.434 
400.006 

395.616 
127.506 
310.265 

318.852 
765.096 

66.303 

D 

+ 
+ 

+ 
+ 

+ 

p 

0.1584 
0. 5482 
0.5791 

0.3444 
0.5583 
0.9286 

0.9714 
0. 3673 
0. 0007 

size Class Three (5.5-10 em) density (*/m"2) 

c 

206.333 
31.667 

110.000 

33.333 
40.000 
25.000 

40.000 
51.667 
15.000 

c 

51.667 
26.667 
56.667 

51.667 
s.aoo 
1. 667 

3.333-
1.667 
s.aoo 

c 

o.aoo 
a. 017 
0.010 

0.017 
0. 14 7 
0.180 

0.263 
0.267 
0.347 

SE N 

93.110 6 
22.571 6 
39.158 6 

19.944 
21. 75 6 

9. 916 

22.657 
13.520 

2.236 

0 

91.667 
38.333 
35.000 

376.667 
66.333 

223.333 

138.333 
363.333 

31.667 

SE 

91.667 
24.956 
22.174 

247.126 
23.440 

113.891 

33.706 
179.605 

13.520 

Reproductive plant density (i/m'"'2) 

SE 

23.863 
17.638 
14' 757 

B. 724 
·3.416 
I. 667 

3.333 
I. 667 
3.416 

N 0 

0.000 
8.333 
1. 667 

3.333 
11.667 

0.000 

1.667 
o.ooo 
0.000 

SE 

o.ooo 
6. 541 
1. 667 

2.108 
6.333 
o.ooo 

1.667 
0.000 
o.ooo 

Ephemeral Percent Cover 

SE 

0. 000 
0.010 
0. 007 

a. 010 
a. o54 
0.101 

0.074 
0.082 
a .120 

N 0 

0.000 
0.053 
0.080 

0.153 
0.420 
0.063 

0.360 
0. 333 
a. 727 

SE 

0. 000 
0.046 
a. 039 

0 .. 102 
0.133 
0.048 

0.100 
0.145 
a. a9s 

D p 

+ 0.3929 
a. 84 69 

+ 0.1265 

D 

0.3628 
0.3965 
0. 3854 

a. o360 
0.9879 
0.4717 

p 

+ 0.0826 
+ 0.3528 

0. 0062 

D 

0.0046 
0.4762 
0.3632 

0. 6643 
0 .3632 
0. 2031 

p 

0 1. 0000 
a. 7165 
a .1763 

a. 2693 
0. 1802 
0. 2761 

0.3686 
0.9211 
a. 0304 

A-9 

N 

N 

N 

6 
6 
6 

N 

6 
6 
6 

Size Class Two (2.5-5 em) density (#/m"2) 

c 

381.667 
88.333 

141.667 

10.000 
146.667 
140.000 

155.000 
145.000 

53.33:i 

SE 

164.771 
43.773 
60.851 

5.164 
72.373 
59.273 

74.106 
54.022 
11.738 

N 

6 
6 
6 

6 
6 
6 

0 

348.333 
9 0 •. o 00 

115.000 

521.667 
211.667 
748.333 

306:667 
820.000 

65.000 

SE 

348.333 
47.610 
58.238 

203.362 
40.859 

229 .585 

76. 79 7 
347.515 

27.417 

D 

+ 

+ 

p 

0.9328 
0.9799 
o. 7561 

0.0025 
0. 4523 
0.0257 

0.1857 
0. 3872 
0. 7039 

Size Class Pour (> 10 em) density (*/m"2) 

c 

61.667 
45.000 

126.667 

110.000 
38.333 
20.000 

28.333 
28.333 
15.000 

c 

720.000 
336.667 
323.333 

330.000 
13.333 
5.000 

6.667 
5.000 

11.667 

c 

a. 303 
0.150 
a .453 

0.610 
0.287 
a .111 

a .330 
0.347 
a .113 

SE N 

28.684 6 
28.018 6 
42.085 6 

19.833 
19.9 03 

7.303 

12·.758 6 
10.462 6 

6.191 6 

0 

1.667 
5.000 
1.667 

35.000 
21.667. 

6.667 

45.000 
133.333 
16.667 

SE 

1.667 
2.236 
1.667 

15.221 
7. 032 
3.333 

28.137 
58.119 
11.156 

R.ceceptacle density C*/m"2) 

SE 

343.113 
274.344 
115.200 

65.777 
9.888 
s.ooo 

6.667 
5.000 
9.804 

N 0 

o.ooo 
21.667 
15.000 

16.667 
73.333 

0.000 

20.000 
0.000 
a. ooo 

SE 

0 .coo 
17.966 
15.000 

14.757 
47.023 

0.000 

20.000 
0.000 
0.000 

Fuous Percent Cover 

SE N 

0.168 6 
0.090 6 
0.150 6 

0.053 
0.098 
0.047 

0.061 6 
0.098 6 
o.o:ia 6 

0 

0.150 
0.113 
a. oa3 

0.373 
0.247 
0.377 

0.467 
0.543 
0.090 

SE 

0.142 
0.045 
a .039 

0.146 
0.057 
a .124 

a .122 
0.171 
0.042 

D p 

+ 0.1464 
+ 0.6474 
+ 0.0053 

+ 0.0133 
+ 0.4481 
+ 0.1277 

D 

0.6014 
0 .• 1276 
a. 8987 

p 

+ 0. 0899 
+ a .6966 
+ 0.0102 

a. oo4 o 
0. 7705 
0.3632 

0.5413 
+ 0.3632 
+ 0.2875 

D p 

0.4592 
+ 0.8823 
+ 0.0455 

+ 0.1918 
a. 9251 
0. 0682 

a .3669 
a .3295 

+ 0.4786 

standard error; D 



Table A-10. l'Ucus Attributes. Herring Bay. Sheltered-Rocky. JUne 1992. 
Results of statistical differences between means of oiled and control site pairs. ~ = meter vertical drop; N = sample size; c = control mean; o oiled mean; SE 
direction of difference; + = control > oiled; - = control < oiled; o = control = oiled; P = probability value; dashes = no data. 

size Class One (<• 2 em) density (8/m"2) 

Site Pair 

l231C/l231X 
l732C/1732X 
3811C/3611X 

MVD N c 

588,333 
3551.667 

506.667 

1231C/l231X 
1732C/1732X 
3811C/3611X 

2 "6 96.667 
2 6 1051.667 
2 6 820.000 

1231C/1231X 3 
1732C/1732X 3 
3811C/3611X 3 

550.000 
2306.667 
1508.333 

SE 

244.314 
3174.753 

251.259 

71.024 
245.865 
175.157 

217.516 
858.016 
281.465 

N 0 

153.333 
670.000 
678.333 

295.000 
393,333 
393.333 

281.667 
115.000 

21.667 

SE 

64.842 
393.921 
324.863 

112.982 
146.166 
186.148 

92.571 
67.268 
12.494 

D 

+ 
+ 

p 

0.1160 
0. 8383 
0.6846 

0.1681 
+ 0.0441 
+ 0.1260 

+ 0.2828 
+ 0.0163 
+ 0.0037 

Size Class Three (5.5-10 em) density (#/m"2) 

Site Pair 

1231C/1231X 
1732C/l732X 
38 11C/3611X 

l231C/1231X 
l732C/1732X 
3811C/3611X 

1231C/1231X 
1732C/1732X 
3811C/3611X 

Site Pair 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/l231X 
1732C/l732X 
3811C/3611X 

Site Pair 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 
1732C/1732X 
3811C/3611X 

MVD N 

2 
2 
2 

3 "6 
3 6 
3 6 

MVD N 

2 
2 
2 

3 
3 
3 

MVD N 

2 
2 
2 

3 
3 
3 

6 
6 
6 

c 

160.000 
35,000 
68.333 

11.667 
91.667 
63.333 

91.667 
266.667 

43",333 

c 

83.333 
25.000 
81.667 

41.667 
8.333 
5. 000 

3.333 
11.667 
1. 667 

c 

0. 000 
0.037 
0.013 

0.007 
0.183 
0.267 

0. 090 
0. 247 
0.503 

SE 

72.710 
11.475 
22.123 

5.426 
49.694 
29.174 

58.845 
106.823 
18.197 

N 0 

175.000 
48,333 
75.000 

311.667 
135.000 
238.333 

163,333 
253.333 

18.333 

SE 

175.000 
23.582 
48.080 

122.975 
32.838 
74.718 

31. see 
126.271 

8.724 

Reproductive plant _density (#/m"2) 

SE N 

37.298 6 
13.602 6 
27.976 6 

a. 724 · 6 
5. 426 6 
5.000 6 

2.108 6 
4. 773 6 
1. 66 7 6 

0 

8.333 
18.333 
8.333 

40.000 
15.000 
s.ooo 

13,333 
73.333 

1.667 

SE 

8 .• 333 
10.462 

8.333 

2i.448 
9.220 
3.416 

8.028 
43.333 

1,. 667 

Ephemeral Percent Cover 

SE 

0.000 
0.029 
0.013 

0.007 
0.067 
o.oe8 

0.051 
0. 093 
0. 054 

N 0 

0. 013 
0.083 
0.123 

0.040 
o.i43 
0-.320 

0.213 
0.297 
0.663 

SE 

0.010 
o.oe3 
0.049 

0.017 
0.046 
0.093 

o.oeo 
0.110 
0.134 

D p 

0. 9385 
o. 6222 
0.9023 

0.0102 
0.4836 
0. 0541 

0.3085 
+ 0.9373 
+ 0.2437 

D p 

+ 0.0871 
+ 0. 7058 
+ 0.0308 

+ 0.9440 
0. 54 71 

0 1. 0000 

0.2560 
0. 6026 

0 1. 0000 

D p 

0.1938 
o. 8747 
0. 0566 

0.0359 
0.8689 
0. 6730 

0.1908 
0.8593 
0. 2287 

A-10 

size Class TWo (2.5·5_ em) density- (8/m"2) · 

N c 

281.667 
51.667 
66.667 

18.333 
388.333 
205,000 

186.667 
843.333 
331.667 

SE 

99.446 
24.687 
26.667 

N 

16.415 6 
207.837 6 
116.154 6 

65.405 
278.384 

99.-446 

0 

168.333 
245.000 
270.000 

290.000 
223.333 
286.667 

271.667 
235.000 

15.000 

SE 

162.407 
94.048 

130 ._945 

123.153 
47.093 
61.950 

79.390 
115.203 

7.638 

D 

+ 

p 

0. 5650 
0.0748 
o·.5046 

0. 0333 
+ 0.2849 

0. 5489 

0.4279 
+ 0. 0711 
+ 0.0041 

Size Class Four (> 10 em) density (8/m"2) 

N 

6 
6 
6 

N 

c 

90.000 
30.000 
78.333 

51.667 
16.667 

8,333 

43.333 
58.333 
10.000 

c 

6 2461.667 
6 778,333 
6 1296.667 

N 

970.000 
135.000 

60.000 

31.66 7 
138.333 

1.667 

c 

0.500 
0.253 
0.410 

0.330 
0.290 
0.127 

0.300 
0. 603 
0.133 

SE N 

43.665 6 
17.889 6 
26.130 6 

12.225 
6.146 
8.333 

28.829 "6 
14.472 6 
4. 472 6 

o. 

a5.ooo 
10.000 
23,333 

195.000 
56.66i 

108.333 

no. ooo 
223.333 

26.667 

SE 

as. ooo 
6.325 

16.667 

105.728 
20.440 
58.047 

36.878 
101.412 

14.9 82 

Receptacle density (8/m"2) 

"SE · -- N 

1163.585 
489.547 
512.495 

274.3.72 
as. 625 
60. 000 

24.552 
49 .961 
1. 667 

0 

18.333 
85.000 
48.333 

175.000 
156.667 
31.667 

151.667 
473.333 

23.333 

SE 

18.333 
58.694 
48.333 

110.204 
90.836 
23.154 

85.573 
317.781 

23.333 

FUcus Percent Cover 

SE 

0.209 
0. 096 
0.154 

0.045 
0.115 
0. 056 

0.150 
0.091 
0.029 

N 0 

0.170 
0.157 
0,163 

0.567 
0.487 
0.367 

0.583 
0.563 
0. 090 

SE 

0.166 
0.080 
0.054 

0.171 
0.119 
0.153 

0.130 
0.172 
0. 043 

D p 

+ 0.9593 
+ 0.3166 
+ 0.1064 

D 

0. 8343 
0. 0904 
0. 0873 

0.1848 
0. 9310 
0.3115 

p 

+ 0,0577 
+ 0.6910 
+ 0. 0106 

+ 0.0227 
0. 8657 

+ 0.6689 

D 

0.2074 
0. 9022 
0.7658 

p 

+ 0. 2049 
+ 0.4860 
+ 0.1591 

0.3230 
0.2177 
0.1438 

0.1335 
0.9301 

+ 0. 2888 

standard error; D 



Table A-ll. Fuous Attributes. Herring ~ay. ·sheltered Rocky. AUgUst 1992. 
Results of statistical differences between means Of oiled and control site pairs. MVD = meter vertical drop; N = sample size; c control mean; o oiled mean; SE 
direction of difference; + = control > oiled; - = control < oiled; o = control = oiled; P = probability value; dashes = no data. 

Site Pair 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 
1732C/1732X 
3811C/3611X 

MVD N 

2 
2 
2 

1231C/1231X 3 
1 732C/1732X 3 
3811C/3611X 3 

Site Pair 

1231C/1231X 
1732C/1732X 
3811C:/3611X 

MVD N 

1231C/12nx 2 
1732C/1'732X 2 
3611C/3611X 2 

1231C/i231X 
1732C/1 732X 
3611C/3611X 

Site Pair 

1231C/l231X 
1732C/l732X 
3811C/3611X 

3 
3 
3 

MYD N 

l231C/1231X 2 
1732C/1 732X 2 
3811C/3611X 2 

l231C/1231X 
l732C/l732X 
3611C/3611X 

Site Pair 

1231C/1231X 
1.732C/1 732X 
3 611 C::/3 611X 

MVD N 

1231C/1231X 2 
1 732C/1 732X 2 
3811C/3611X 2 

1231C/1231X 3 
1732C/1732X 3 
3611C/3611X 3 

Size Class One (<~ 2 em) density (#/m~2) 

c 

200.000 
2593 0 333 

323.333 

55 0 000 
385.000 
463.333 

321.667 
773 0 333 
580.000 

SE 

79 .162 
2251.042 

148.653 

N 

51.039 6 
141.910 6 
233.633 6 

120.649' 
424.261 
166.853 

0 

90.000 
506.667 
461.667 

276.667 
-386.667 
328.333 

283.333 
25.000 

146.667 

SE 

57.850 
204.070 
i34.075 

126.798 
144 0 353 
152.193 

119.043 
16.279 
66.767 

D p 

0.2881 
0. 7002 
0 0 5053 

0.1359 
0.9936 
0.6387 

+ 0.8256 
+ 0.0057 

0.0366 

Size Class Three (5.5-10 em) density (8/m.2) 

c 

225.000 
30.000 
55.000 

3.333 
161.667 

71.667 

9i. 667 
335 .coo 

90.000 

c 

61.667 
3.333 

33.333 

25 0 coo 
0.000 
1. 667 

0.000 
o.ooo 
o.ooo 

c 

0.000 
o. coo 
o. oin 

0. 027 
0 0 010 
0.293 

0. 083 
o .. 070 
0 0 403 

SE 

95 0 315 
13 0 663 
18 0 212 

N 

2.106, 6 
63.523 6 
46.434 6 

0 

83.333 
120.000 
176.667 

230.000 
171.667 
225.000 

61.178 
107.619 

41.713 

6- 156.333 
6 128.333 
6 40.000 

SE 

81.350 
54 0 894 
eo 0 609 

108.965 
55.403 
37 0 83 7 

23.298 
68 0 625 
17.512 

Reproductive plant density (11/m-2) 

SE 

44.627 
2.106 

10.653 

5.627 
o.ooo 
1.667 

0 .coo 
o.ooo 
o.'ooo 

N 0 

o.ooo 
10.000 
1o.ooo· 

3.333 
10.000 

5.000 

15.000 
6.667 
0.000 

SE 

0.000 
5.164 
5.164 

3.333 
6.165 
3.416 

13.102 
4.216 
0.000 

Ephemeral Percent Cover 

SE 

0 0 000 
o.ooo 
0 0 007 

0.016 
0.007 
0.105 

0.057 
0.035 
0. 098 

N 0 

0.007 
0.000 
0.003 

0.000 
0.067 
0.137 

0.063 
0.404 
0.600 

SE 

0.007 
o.ooo 
0.003. 

0.000 
0.043 
0 0 065 

0 0 063 
0.180 
0. 091 

D 

D 

p 

0.2646 
0.3553 
0.4183 

o. 0008 
0.9225 
0 0 0284 

0 0 3325 
0.1369 
0 0 2949 

p 

0.1261 
0 0 2596 

+ 0 0 0609 

0 0 0076 
0.2752 
0.4010 

0 0 3 041 
0.1747 

0 1.0000 

D p 

0.3632 
0 1.0000 

0.6140 

0.0996 
0.1056 
0 0 2224 

0 0 5861 
0.1151 
0 0 1635 

A-ll 

N 

6 
6 
6 

N 

6 
6 
6 

N 

6 
6 
6 

N 

6 
6 
6 

6 
6 
6 

size Class Two (2.5-5 em) density (ll/m'2) 

c 

205 0 000 
60.000 

113.333 

6.667 
436.667 
236 0 667 

196 0 667 
733.333 
390.000 

SE 

104.011 
40.906 
62 0 9 64 

4.216 
218.139 
124.088 

53.521 
249.862 
128.478 

N 0 

36.667 
340.000 
400.000 

210.000 
l48 0 333 
353.333 

226.667 
88.333 
71.667 

SE 

32.830 
168.780 
167 0 412 

97.365 
34 0 585 

110 0 594 

58.348 
so 0 755 
27.254 

D 

+ 

p 

0.1538 
0.3827 
0.1401 

0.0020 
+ 0.4319 

0.4988 

0 0 7127 
+ 0.0378 
+ 0.0796 

size Class Pour (> 10 em) density (ll/m'2) 

c 

106.667 
21.667 
61.667 

43.333 
23.333 
23.333 

76.667 
76.333 
21.667 

c 

1713.333 
so 0 000 

188.333 

206 0 667 
0.000 
3.333 

o.ooo 
0 0 coo 
0 0 coo 

c 

0.507 
0.277 
0 0 413 

0 0 340 
0.447 
0. 250 

0.407 
0 0 733 
0 0 3_53 

SE 

50.706 
15.14 7 
26 0 684 

13 0 824 
6.028 

14 0 757 

54 0 447 
25.221 
8.333 

N 0 

105.000 
20.000 
65.000 

160.000 
78.333 

170.000 

175.000 
1796.667 

33.333 

SE 

105 0 000 
12.649 
47 0 871 

85 0 596 
28.097 
81.199 

46.673 
1640.209 

14.530 

Receptacle density (ll/m'2) 

SE 

764 0 770 
39 0 243 
70 0 569 

75 0 660 
0.000 
3.333 

0.000 
0 0 000 
0 .coo 

N 0 

o.ooo 
40.000 
50.000 

23.333 
66.333 
25.000 

263.333 
23.333 

0.000 

SE 

0 0 coo 
25.430 
25 0 033 

23.333 
86.349 
16.279 

204.559 
16 0 012 

0 0 000 

Fuous Percent Cover 

SE 

0 0 204 
0.113 
0.155 

o. 067 
0.161 
0.107 

N 

0.157 6 
0.088 5 
0.127 6 

0 

0.167 
0.283 
0.317 

o. 650 
0.570 
0.577 

0.707 
0.500 
0.137 

SE 

0.167 
·a .123 
0.115 

0.152 
0.125 
0.142 

0.124 
0.206 
0.036 

D p 

+ 0.9689 
+ 0.9344 
+ 0. 7713 

D 

o. 8432 
0.0892 
0 0 0392 

0.2003 
0.9402 
0.5020 

p 

+ 0 0 0606 
+ 0.6350 
+ 0.0945 

+ 0.0431 
0 0 3532 
0. 4433 

0.2543 
0 0 2516 

0 1. 0000 

D p 

+ 0.1607 
0.9343 

+ 0.6374 

0.1009 
0.4505 
0. 0702 

0.1650 
+ 0.3340 

0.1510 

standard error; D 



Table A-12. Fucus Attributes. Herring Bay. Sheltered Rocky. June 1993. 
Results of statistical differences between means of oiled and control site pairs. MVD = meter vertical drop; N = sample size; c = control mean; 0 
direction of difference; + = control > oiled; ~ = control < oiled; o = control = oiled; P = probability value; dashes = no data. 

oiled mean; SE 

Site Pair MVD N 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 2 
1732C/1732X 2 
3811C/3611X 2 

1231C/1231X 
1732C/1732X 
3811C/3611X 

3 
3 
3 

6 
6 
6 

Site Pair MVD N 

1231C/1231X 
l732C/1732X 
3811C/3611X 

1231C/1231X 2 
1732C/1732X 2 
3811C/3611X 2 

1231C/l231X 3 
1732C/1732X 3 
3811C/3611X 3 

Site Pair MVD N 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 2 
1732C/1732X 2 
3811C/3611X 2 

123tC/1231X 
1732C/1732X 
3811C/3611X 

_:- s~te:""l'.air-

1231C/1231X 
_1732C/1732X 
3811C/3611X 

1231C/1231X 2 
1 732C/1 732X 2 
3811C/3611X 2 

1231C/1231X 
1732C/1732X 
3811C/3611X 

3 
3 
3 

6 
5 
6 

Size Class one (<• 2 em) density (8/m-2) 

c 

271.667 
1231.667 

156.667 

61D.OOD 
76.667 

295.DDD 

128.333 
96.667 
83.333 

SE N 

170.576 5 
1156.303 6 

58.519 6 

235.599 
43.869 

154.375 

72.729 
54.934 
21.858 

0 

86.DOD 
246.667 
265.DDD 

108.333 
228.333 
58.333 

48.333 
21.667 
25. ODO 

SE 

56.533 
79.568 

116.068 

49.086 
103.615 
37.365 

19.565 
17.966 
16.279 

D 

+ 
+ 

p 

D.3667 
D .3913 
D. 4241 

+ D.5513 
D.2074 
0.1D85 

+ D.3131 
+ D.2235 
+ O.DSBO 

Size Class Three (5.5-io em) density (8/m-2) 

c 

123.333 
23.333 
31.667 

1. 667 
103.333 

61.667 

71.667 
206.667 
1DO.OOO 

c 

123.333 
28.333. 
46.667 

15.000 
3.333 

10.000 

8.333 
23.333 
11.667 

c 

O.OOD 
o.ooo 
0.000 

0.003 
0.003 
0.063 

0 ._023 
0. 036 
0.550 

SE N 

49.239 5 
14.063 6 
10.462 6 

1.667 
44.547 
42.223 

l7.013 
98.376 
28.048 

0 

4.000 
16D. 000 
205.000 

121.667 
125.000 
108.333 

143.333 
63.333 
43.333 

SE 

4.000 
68.459 
84.014 

65.085 
18.212 
25.484 

29.852 
27.889 
28.597 

Reproductive plant density (tl/m-2) 

SE 

54.934 
1D.138 
17.448 

6.708 
2.108 
8.165 

6. 541 
8.433 
"4. 014 

N S! 

D. ODD 
28.333 
5D.DDD 

BD.OOO 
50.000 
56.667 

41.667 
58.333 

o.ooo 

ti.ooo 
11.371 
17.889 

35.777 
18.074 
41.44 6 

18.151 
29. 145 

0 .. 000 

Ephemeral Percent Cover 

SE 

o.ooo 
o.ooo 
o.ooo 

0. 003 
0.003 
0.042 

0.017 
D.010 
o. 147 

N 0 

-D. 011 
0.007 
D ."083 

0.070 
0.117 
0.157 

0.123 
D.393 
0.277 

SE 

!LD13 
0.007 
0. 051 

0.062 
0.059 
0.078 

0.055 
0.154 
0. 079 

D p 

+ 0.0016 
0.4850 
0.3685 

D.DDD2 
D .6622 
D.3663 

D. D636 
+ D.1913 
+ D.1875 

D p 

+ 0.0747 
0 l.OODO 

0.8965 

D 

0.2870 
0.0345 
0.4474 

0.1147 
0.2755 
0. 0335 

p 

D. 2D39 
D.3632 
0.1013 

0.3251 
0.0780 
0. 2718 

0.1195 
0.1050 
0.1467 

A-12 

Size Class TWo (2.5-5 em) density (8/m-2) 

N c 

llD.ooo 
88.333 
85.0DO 

11.667 
91.667 

165.000 

78.333 
181. 667 
113.333 

SE N 

56.155 5 
74.718 6 
38.275 6 

6.D09 6 
37.543 6 
64.79 5 6 

21.972 
89.756 
21. D82 

0 

12. OOD 
221.667 
283.333 

10S.ODO 
148.333 

70.000 

93.333 
43.333 
78.333 

SE 

12.00D 
115.106 
1DD.022 

45.074 
29.D31 
29.777 

24.D37 
28.DD8 
59.072 

D 

+ 

p 

O.D371 
0.3542 
0.0937 

o. 2392 
0.2600 

+ 0.2123 

0.6549-
+ 0.1720 
+ 0.5891 

Size Class Four (> 10 em) density (8/m-2) 

N 

6 
6 
6 

c 

140.0DD 
3D.DDO 
46:667 

15.DDD 
1D6.667 

4D.DDD 

35.DDD 
195. ODO 
6i. 667 

SE N 

60.718 5 
11.255 6 
17.448 6 

6.7D8 
54.386 
23.8D5 

2D.616 .6 
88.722 6 
34.1DO 6 

0 

2.DDD 
35.DDD 

115.DDO 

173.333 
141.667 
18D. ODD 

18D. DDO 
13D.DDD 

41.667 

SE 

2.00D 
17.272 
42.170 

55.718 
26 .13D 
71. 74D 

4D.988 
48.990 
14. OD4 

Receptacle density (8/m-2) 

N c 

6 4063.333 
6 58D.DDO 
6 8D5.ooo 

SE 

1789.394 
291.571 
298:248 

N 

313.333 229.26~ 
190.000 127.070 

51.667 42.459 

193·. 333 
90.000 
"36.667 

191.340 .6 
29.439 6 
17.448 6 

0 

D.ODO 
180.000 
285. OOD 

795.00D 
470.000 
633.333 

. 351.667 
620.000 

0.000 

SE 

O.ODO 
110.D3D 
121. D44 

353.466 
149.287 
438.662 

292.705 
382.527 

0.000 

FUcus Percent Cover 

N 

6 
5 
6 

c 

0.523 
0.223 
0.417 

0.220 
0.453 
0.237 

0.32D 
0. 748 
0.350 

SE 

0.21D 
0.128 
D.177 

0.103 
0.161 
0.131 

0.142 
D.158 
0.163 

N 0 

D.173 
0.243 
D. 407 

D. 683 
0. 647 
0. 693 

0.780 
0. 513 
0.367 

SE 

0.162 
0 •. 105 
0.128 

0.142 
0.104 
0.148 

0.112 
0.162 
0.113 

D p 

+ 0. 0693 
0.8133 
0.1652 

D.1383 
D. 574.7 
D.D937 

D.D1D2 
D.5357 

+ D.5993 

D p 

+ O.D724 
+ D.2283 
+ D.1373 

0.2796 
0.1837 
0.4273 

0.6604 
0. 7505 

+ 0.0896 

D p 

+ D.l473 
0.8242 
0.9449 

0. 0295 
0. 2883 
0.0417 

O.D228 
+ 0.2788 

0. 8032 

standard error; D 



Table A-13. Fucus Attributes. Herring Bay. Sheltered Rocky. september 1993. 
Results of statistical differences between means of oiled and cont_r!'l_ site pairs .. MVD = meter vertical drop; N sample size; c = control mean; 0 oiled mean; SE 
direction of difference;+= control> oiled; -=control-< oiled; o ~control= oiled; P =probability value; dashes= no data. 

Site Pair 

1231C/1231X 
1732C/1732X 
38llC/36llX 

MVD N 

1231C/1231X 2 
1732C/1732X 2 
3allC/3611X 2 

1231C/1231X 3 
1732C/1732X 3 
3811C/3611X 3 

Site Pair 

1231C/1231X 
1732C/1732X 
3a11C/3611X 

MVD N 

1231C/1231X 2 
1 732C/1732X 2 
3811C/3611X 2 

"i231C/1231X 3 
1732C/1732X 3 
3811C/3611X 3 

Site Pair 

1231C/1231X 
1732C/1732X 
3allC/36llX 

MVD N 

1231C/1231X 2 
1732C/1732X 2 
3811C/3611X 2 

1231C/1231X 3 
1 732C/1 732X 3 
3811C/3611X 3 

Site Pair MVD N 

1231C/1231X .1 
1 732C/1 732,X 1 
3811C/36llX 1 

1231C/1231X 2 
1 732C/l 732X 2 
3811C/3611X 2 

1231C/1231X 3 
1732C/1732X 3 
3811C/.361lx· 3 

Size Class One (<~ 2 em) density (8/m.2) 

c 

185.000 
975.000 
265.000 

438.333 
18.333 

646.667 

1C6.667 
331.667 
20C.CCO 

SE N 

110.717 5 
859. 635 ~ 6 
105.917 6 

218.776 6 
11.377 6 

272.515 6 

65.912 
299. 771 

46.476 

b 

100.000 
73.333 

126.667 

151.667 
433.333 

63.333 

.38. 333 
15.000 
2S.OCO 

SE 

75.565 
42.164 
4l.687 

33.5 C8 
223.751 

34. 4r6 

16. 21C 
8.062 

14.318 

D 

+ 
+ 

p 

0. 5591 
0. 8174. 
0.2522 

+ 0.5396 
C.OC89 

+ 0.0141 

+ 0.8390 
+ C.1480 
+ 0.0049 

Size Class Three (5.5·10 em) density (#/m.2) 

c 

8S.occ 
3C.OOC 
sa.333 

1:667 
53.333 

1C3.333 

53.333 
225.000 
175.00C 

c 

50.000 
8.333 

u. 667 

5.000 
3.333 
l. 667 

c.ooo 
l. 667 
o.oco 

c 

SE N 

37.4a3 5 
24.221 6 
27 .97a 6 

l. 667 6 
25.517 6 
61.626 6 

16.056 6 
78.262 6 
4C.229 6 

0 

4.COO 
91.667 

111.6.67 

101.667 
110.0CO 
56.667 

105.000 
31.667 
45.000 

SE 

4.000 
43 .. 773 
32.395 

45.783 
20.331 
24. 175 

21.253 
14.926 
19.451 

Reproductive plant density (*/m.2) 

SE 

22.804 
4.773 
5.426 

N 

3.416 6 
2.108 6 
1.667 6 

o.coo 
1.667 
o.coo 

0 

c.ooo 
3.333 

18.333 

8.333 
10.CCO 
16.667 

16.667 
11. 667 
l. 667 

SE 

0.000 
3.333 
9. o·98. 

6.541 
4.472 

13. C81 

8.028 
7.491 
1.667 

Ephemeral Percent Cover 

SE N 

0 
c 
0 

0 SE 

D p 

+ c .C942 
0.2459 
c. 2412 

C.OOC1 
0.1131 

+ 0.4969 

D 

0. 0811 
0.21a6 
0.0156 

p 

+ 0.0798 
+ 0.4105 

c. 5433 

D 

0.6611 
0.2073 
c. 42aa 

C.C925 
0. 435 6 
c .3632 

p 

A-13 

N 

6 
6 
6 

6 
6 
6 

N 

6 
6 
6 

N 

6 
6 
6 

6 
6 
6 

N 

Size Class Two (2.5-5 em) density i8/m-2) 

c 

so.ooo 
110.000 

71.667 

13.333 
43.333 

181.667 

70.0CO 
168.333 
180.00C 

SE N 

28.636 5 
104 .• 115 . 6 
30.267 6. 

6.146 6 
19.777 6 
66.604 6 

26.833 
56.239 
37.327 

0 

24.000 
63.333 

120.0CO 

ac :coo 
58.333 
71.667 

as. coo 
2a.333 
75 .coo 

SE 

24.000 
33.032 
45.240 

26.583 
13.017 
30.7CS 

26. C45 
14.24C 
4a.cao 

D 

+ 
+ 

p 

0. 5150 
0. 6783 
0.3954 

0.0223 
0.5406 
0.1645 

C.6968' 
+ C.C351 

0.1152 

Size Class Pour (> 10 em) density (8/m-2) 

c 

ao.oco 
16.667 
65.000 

1C. ooc 
146.667 

a6.667 

68.333 
263.333 
1C3.333 

c 

738.333 
5C.OOC 
85. coo 

136.667 
20.00C 
3.333 

o.coo 
5.000 
o.ooo 

c 

SE N 

33.566 5 
a .433 6, 

25.133 6 

6. 831 6 
6a .6a6 6 
69.122 6 

42.a5C 6 
93.047 6 
49.441 6 

0 

o. oco 
43.333 
a3.333 

163.333 
125. coo 
165.000 

155.000 
86.667 
43.333 

SE 

c.ooo 
27.162 
31.376 

6C.974 
17.654 
42.a76 

36.309 
31.376 
18.197 

Receptacle density (8/m.2) · 

SE N 

337.979 5 
28.752 6 
55.603 6 

114.358 6 
16.330 6 

3.333 6 

c.coo 6 
5.000 6 
o.oo~ 6 

0 

o.ooo 
15.0CC 

150.000 

35.0CO 
66.667 

11S.OCO 

193.333 
81.667 
3.333 

SE 

c.occ 
15. oco 

108.167 

27.779 
44.247 

1C9.110 

142.634 
68.625 
3.333 

Fucus Percent Cover 

SE N 0 SE 

D p 

+ 0.0629 

D 

D 

0.3705 
0. 6581. 

0.1374 
0.2QC4 
0. 3Sa2 

0.1538 
0.1022 
C.2813 

p 

0.0806 
0.3058 
0.6047 

0. 8540 
0.3458 
0.4168 

0.2333 
0. 4272 
o. 3632 

p 

standard error; D = 



Tab~e A-~4. FUcus Attributes. Herring Bay. She~tered Rocky.-May 1994. 
Results of statistical differences between means of oiled and control site pairs. MVD = meter vertical drop; N = sample size; c = control mean; o = oiled mean; SE 
directiOn of difference; + = control > oiled; - = control < oiled; o = control ~ oiled; P = probability value; dashes = no data. 

Size Class one (<= 2 em) density (D/m"2) 

Site Pair MVD N c 

1231C/1231X 1 
1732C/1732X _1 
381lC/36llX 1 

1231C/1231X 
1732C/1732X 
38l1C/3611X 

1231C/1231X 
1732C/1732X 
3811C/36_llX 

2 
2 
2 

3 
3 
3 

6 1068.333 
6 905.000 
6 355.000 

353.333 
53.333 

376.667 

246.667 
296.667 
210.000 

SE 

575.288 
518.683 
122.604 

118.397 
40.470 

116.667 

153.094 
222.975 

52.662 

N 0 

236.667 
325.000 
236.667 

390.000 
628.333 
238.333 

96.667 
335.000 

28.333 

SE 

183.896 
157.284 
126.166 

178. 6a'o 
321.252 
124.242 

"41.866 
284.262 

15.147 

D p 

+ 0.1985 
+ 0.3097 
+ O.S164 

0. 8676 
0. 0984 

+ 0.4359 

+ a·.3717 
0. 9176 

+ 0.0078 

Size Class Three (5.5-10 em) density (8/m"2) 

site Pair MVD N 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 
1 732C/1 732X 
3811C/:i611X 

2 
2 
2 

123.1C/1231X 3 
1732C/1732X 3 
3811C/3611X 3 

6 
6 
6 

6 
6 
6 

6 
6 
6 

Site Pair MVD N 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 
1732C/1732X 
381lC/361lX 

2 
2 
2 

1231C/1231X 3 
1732C/1732X 3 
3811C/3611X 3 

Site Pair MVD N 

1231C/1231X 
1132C/1132X 
3811C/3611X 

1231C/1231X 
1132C/1732X 
3811C/3611X 

1231C/1231X 
1132C/1132X 
3811C/3611X 

2 
2 
2 

3 
3 
3 

6 
6 
6 

c 

53.333 
25.000 
46.667 

1.667 
16.667 
51.667 

15.000 
91.667 
75.000 

c 

70.000 
5.000 

36.661 

3.333 
40. coo 
13.333 

10.000 
51.661 
11.661 

c 

o.ooo 
0.000 
0.000 

0.000 
0.003 
0. 030 

0. 041 
0.103 
0.260 

SE 

27.039 
25.000 
33.533 

l. 667 
11.156 
23. 723 

6.708 
29.373 
22.323 

N 0 

10. 000 
65.000 

105. 000 

56.667 
65. coo 
35.000 

66. 667 
15. 000 
30.000 

SE 

6.325 
37.216 
41.130 

28.363 
17.272 
22.323 

17.062 
7.188 

17.127 

Reproductive plant density (8/m"2) 

SE 

34.059 
3.416 

19. 09 0 

N 

2.108 6 
25.430 6 

8.028 6 

8.165 6 
19.903 6 

6.541 6 

0 

31.661 
26.661 

113.333 

80.000 
28.333 
36.667 

55.000 
15.000 
11.667 

. SE 

31.667 
14.530 
44;020 

29.552 
-6.009 
15.635 

1-i. 549 
1.188 
4.173 

Ephemeral Percent Cover 

.. SE N 

o.ooo 6 
0.000 6 
0.000 6 

0. 000 
0. 003 
0.026 

0. 033 
0. 046 
0.110 

0 

0.003 
0.093 
0.081 

o.ooi 
0.113 
0.141 

0.203 
0.323 
0.301 

SE 

0.003 
0. 072 
0.045 

0.004 
0.061 
0.065 

0.051 
0.090 
0.065 

D p 

+ 0.4509 
0.3932 
0.2974 

0. 0003 
0. 0406 

+ 0.6200 

o. 0182 
+ 0.0221 
+ 0.1408 

D p 

+ 0.4290 
0. 4298 
0.1412 

0.0278 
+ 0.1757 

0.2138 

0.0224 
+ 0.1138 
0 1. 0000 

D - p 

0.3632 
0.2049 
0. 0881 

0.1747 
0. 0406 
0.0188 

0.0140 
0. 094 7 
0. 6591 

A-14 

size Class Two (2.5·5 em) density (8/m"2) 

N c 

40.000 
206.667 

60.000 

10.000 
1.667 

128.333 

23.333 
38.333 

145.000 

SE 

28.402 
206.667 
33.961 

N 

6.831 6·-
1.667 6 

45.929 6 

12.293 
6. 009 

26.677 

0 

s.ooo 
46.667 

126.667 

61.667 
83.333 
35.000 

75."000 
30.0.00 
53.333 

SE 

3.416 
28.245 
59.703 

38.420 
52.578 
15.864 

37.837 
12.649 
21.396 

D p 

+ 0.7160 
+ 0.4744 

0.3546 

0. 0834 
0.0093 

+ 0.0837 

0.2232 
+ 0.5650 
+ 0.0231 

Size Class Pour (> 10 em) density (8/m"2) 

N 

N 

.c 

13·. 333 
5.000 

73.333 

3.333 
93.333 
36.667 

45.000 
161.667 
53.333 

c -

6 1613.333 
6 88.333 
6 393.333 

N 

6 
6 ------6--

88.333 
115.000 

48.333 

33.333 
390.000 

68.333 

c 

0.393 
0.133 
·o-.261" 

0.053 
0.267 
0.301 

0.290 
0.613 
0.303 

SE 

35.932 6 
3.416 6 

35.746 6 

2.108 
48.143 
25.122 

27.659 6 
64.829 6 
19.777 6 

0 

51.667 
46.667 

146.667 

133.333 
66.667 
75.000 

145.000 
55.000 
43.333 

SE 

51.667 
33.632 
45.142 

47.023 
8.819 

16.882 

19.621 
22.174 
15.847 

Receptacle density (8/m"2) 

SE 

135.960 
57.644 

213.599 

N. 

13.504 6 
84.449 6 
35.253 6 

23.476 6 
148.212 .6 

42.772 6 

728.333 
11.667 

1115.000 

1120.000 
525.000 
541.667 

561.667 
263.333 
163.333 

SE 

728.333 
47.918 

454.480 

587.157 
262.980 
302.946 

260.428 
119.015 
106.134 

FUcus Percent cover 

SE N 

0.176" '6 
·a.o77 6 

0 .113 6 

0.023 
0.154 
0.123 

0.121 
0.121 
0.108 

0 

0.130 
0.117 
0. 400 

0.523 
0.403 
0.347 

0.517 
0.330 
0.403 

SE 

0.115 
0.060 
0.124 

0.128 
0.077 
0.105 

0.048 
0.118 
0.101 

D p 

+ 0.7378 
0.4114 
0.2316 

0.0235 
+ 0.1.641 

0.2340 

0.0146 
+ 0.1506 
+ 0. 7014 

D p 

+ 0.4127 
+ 0.8285 

0.1812 

0.0509 
0.2338 
0.1295 

0.0037 
+ 0.5202 

o.4258 

D 

+ 
+ 

0.2832 
0.9364 
0. 5014 

0. 0050 
0.2429 
0. 7285 

0.0559 
+ 0.1006 

0.5216 

standard error; D 



Table A-15. Fucus Attributes. Herring Bay. Sheltered Rocky. September 1994.-
Results of statistical differences between means of oiled and control site pairs. MVD ~ met~r vertical drop; N = sample size; C ~ control mean; 0 oiled mean; SE standard error; D 
direction of difference; + ~ control > oiled; - = control < oiled; o = control = oiled; P = probability value; dashes no data. 

size Class One (<= 2 em) density (#/m"2) 

Site Pair IWD N c 

1231C/l231X 
l 732C/1732X 
3811C/3611X 

1231C/l231X 
1 732C/1 732X 
3811C/3611X 

1231C/1231X 3 
1732C/1732X 3 
3811C/3611X 3 

1270.000 
518 o3:l3-
786o667 

388o333 
288.333 
323.333 

6 425.000 
6 160.000 
6 823.333 

SE 

847.034 
492o547 

as 0 544 

128o28l 6 
60o079 6 

136.813 6 

324.127 
83.34 7 

430o455 

0 

420.000 
768.333 
711.667 

72lo667 
1390o000 

796.333 

233.333 
860.000 

23.333 

SE 

361.478 
483o690 
255.948 

245o376 
597o818 
414o338 

130 0 248 
534 0 359 

12o293 

D p 

0 0 3778 
0 0 7248 

+ 0.7867 

0.2564 
0.6317 
0. 3019 

0 0 5953 
0 ."7208 

+ 0.0102 

Size Class Three (5.5•10 em) density (8/m"2) 

Site Pair IWD N 

1231C/1231X 
'1732C/1732X 
3811C/36llX 

1231C/1231X 2 
1732C/l732X 2 
3811C/3611X 2 

l231C/l231X 3 
1 732C/1 732X 3 
3811C/3611X 3 

6 
6 
6 

6 
6 
6 

Site Pair IWD N 

l231C/1231X 
1 732C/l 732X 
3811C/3 611X 

1231C/1231X 2 
l 732C/1 732X 2 
3811C/3611X 2 

l231C/1231X 3 
l732C/l732X 3 
3811C/36UX 3 

Site Pair 

1231C/1231X 
1 732C/1 732X 
3 811 C/3 61 iX 

IWD N 

1231C/l231X 2 
1732C/1732X 2 
3611C/3611X 2 

1231C/1231X 
1732C/1732X 
3811C/3611X 

c 

91.667 
33o333 
3Bo333 

3o333 
l3o333 
as o ooo 

21.667 
53o333 
73 o333 

c 

75 0 000 
3.333 
8o333 

o.ooo 
0 0 000 
l. 667· 

1o667 
l. 667 
OoOOO 

c 

OoOOO 
o.ooo 
0 0 000 

0 0 003 
0 0 010 
Do187 

0 o150 
0 0 020 
0 0 280 

SE 

49 0 961 
3lo376 
25o484 

2 o108 
6o667 

35.940 

9o098 
21.858 
20o11l 

N 0 

10.000 
so.ooo 

108o333 

33o333 
53o333 
25o000 

SOoOOO 
25.000 
25o000 

SE 

8 o165 
30.551 
34o681 

22ol6l 
22o460 
19.621 

'13o904 
10.567 
11.762 

Repro'!uctive plant density (ll/m"2) 

SE 

36 ol25 
2 o108 
4o 773 

N 

OoOOO 6 
0.000 ·6 
l. 667 6 

1.667 
1.667 
0. 000 

0 

OoOOO 
11.667 
56.667 

23.333 
8.333 

21.667 

SoOOO 
10.000 
l. 667 

SE 

o.ooo 
9o804 

3L798 

11.738 
4.014 

14 0 240 

5.000 
8 ol65 
1.667 

Ephemeral Percent cov~r 

SE 

OoOOO 
0 0 000 
o.ooo 

0.003 
0.007 
0.113 

0 0 098 
0.013 
0 0 074 

N 0 

Do010 
0.000 
0.013 

0. 003 
Oo067 
0.037 

0.117 
Oo300 
0.267 

SE 

0.010 
0.000 
0.013 

0. 003 
Oo043 
Oo027 

0.053 
Oo125 
Oo067 

D 

D 

p 

0 0 3740 
0 0 7115 
0 o1349 

0. 1938 
0.1186 
Ool736 

0.1190 
0. 2703 
0. 0648 

p 

+ 0.0925 

D 

0. 8501 
0. 1391 

0 o1035 
0. 0925 
0.1922 

0 0 5413 
0 o4738 
0.3632 

p 

0.3632 
0 1.0000 

0. 3632 

0 1. 0000 
0. 2751 
0 o1635 

0. 9174 
0.0152 
0. 8123 
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N 

6 
6 
6 

N 

N 

N 

Size Class Two (2.5·5 em) density (jl/m"2) 

c 

36o667 
598o333 

45o000 

6o667 
3.333 

141.667 

35.000 
40.000 

101.667 

SE 

29.401 
598 o333 

22.174 

N 

6 
6 
6 

4. 944 6 
2ol08 6 

57.932 6 

15 0 653 6 
20.817 6 
32.804 6 

0 

lOoOOO 
51.667 

.108.333 

46 0 667 
151.667 
20.000 

65.000 
81.667 
38.333 

SE 

8.165 
30o487 
48.540 

27 0 649 
126.133 

7 0 746 

20o453 
41.184 
15.581. 

D p 

+ 0.4027 
+ 0.1536 

0.2627 

0 0 0722 
0 o1323 
0.2312 

Oo27li 
0 0 3878 

+ Ool118 

·size Class Pour (> 10 em) density (8/m"2) 

c 

110.000 
3.333 

50 0 000 

6o667 
85 0 000 
58.333 

45o000 
151.667 

55o000 

c 

1363o333 
33o333 
40.000 

o.ooo 
o.ooo 
3.333 

1.667 
10.000 
0.000 

c 

0.420 
0.100 
0.277 

0.073 
0.287 
0.307 

0.273 
0. 777 
0. 397 

SE N 

49.666 6 
2;108 6 

19 o149 6 

3.333 
42.012 
32o292 

19o958 
52.499 
19.621 

0 

38.333 
48.333 
96 0 667 

l23o333 
118 o333 

73.333 

103.333 
55o000 
46.667 

SE 

36o370 
37 o186 
32·.931 

47.656 
23.562 
19 o437 

17.448 
20.777 
20.763 

Receptacle density (ll/m"2) 

SE 

634.847 
21.239 
21.135 

N 

0.000 
0.000 6 
3 0 333 6 

l. 667 6 
10o000 6 

OoOOO 6 

0 

OoOOO 
l8o333 

560-.000 

156.333 
80.000 

236 0 667 

46 0 667 
l96o 667 

lo667 

SE 

Oo 000 
16o4l5 

311.598 

83.603 
42o190 

170o346 

46.667 
156.837 

1o667 

Fucus Percent Cover-

SE 

0.190 
0. 076 
0.138 

0.029 
0.150 
Do120 

0.143 
Do096 
0 o143 

N 0 

Oo130 
Oo227 
0. 467 

Oo577 
0.580 
0.443 

0. 763 
Oo470 
0 0 453 

SE 

Oo118 
0.136 
0.148 

0.129 
0.129 
Oo136 

0.059 
Do136 
0.146 

D p 

+ 0.2714 
Oo3918 
0 o2466 

0.0766 
0.5048 
0. 699 0 

0.0524 
+ 0.1177 
+ 0. 7765 

D p 

+ 0.0845 
+ 0.5886 

0.1427 

D 

0 o1168 
0 o1164 
0.1512 

0 0 7250 
Oo4216 
0 o3632 

p 

+ 0.2539 
0 0 4516 
0 0 3852 

0.0030 
0.1197 
0.3677 

0.0158 
0.0827 
0. 84 79 



Table A-16. Fueus Attributes. Herring Bay. Sheltered Rocky.· May 1995. 
Results of statistical differences between means of oiled and control site p;;:tirs. MVD ·= met.er vertical drop; N = sample size; C = control mean; 0 oiled mean; SE 
direction of difference; + = control > oiled; - = control < oiled; o = control = oiled; P = probability value; dashes = no data. 

Site Pair MVll N 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 2 
1732C/1732X 2 
3811C/3611X 2 

1231C/1231X 3 
1732C/1732X 3 
3811C/3611X 3 

6 
6 
6 

Site Pair MVll N 

l231C/l231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 
1732C/1732X 
3811C/3611X 

2 
2 
2 

3 
3 
3 

6 
6 
6 

6 
6 
6 

Site Pair MVD N 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 
1732C/1732X 
3811C/3611X 

1231C/1231X 
1732C/1732X 
38llC/36llX 

2 
2 
2 

3 
3 
3 

6 
6 
6 

6 
6 
6 

6 
6 
6 

Site Pair MVD N 

1231C/i231X 6 
1732C/1732X 6 
3811C/3611X 6 

1231C/l231X 2 
1732C/1732X 2 
38llC/36llX 2 

1231C/1231X 3 
1732C/1732X 3 
3811C/3611X 3 

6 
6 
6 

6 
6 
6 

Size Class one (<a 2 em) density (l/m.2) 

c 

89.500 
44.833 
47.333 

64.667 
109.833 

25.167 

36.000 
54.667 
85.167 

SE N 

59.227 6 
15.859 6 
20.659 6 

22.003 
58.446 
11.94 0 

·17.957 
23.170 
46.325 

0 

118.500 
99.500 

161.167 

168.667 
aa.ooo 

138.833 

38.333 
67.833 

4.aoo 

SE 

106.441 
44.831 
51. a 57 

67.490 
34. a43 
66.166 

23.802 
36.991 

4.oaa 

D p 

0. 8166 
0. 2771 
a.0656 

a .1736 
0.6685 
a. 5131 

0.9392 
a. 7691 
o.oao5 

Size Class Three (5.5-10 em) density (l/m.2) 

c 

6.167 
7. coo 
2.833 

0.167 
0.333 
7. 833 

2.167 
2.667 
3.833 

c 

9.667 
0.500 
2.333 

0. 000 
3.333 
2.667 

1.500 
5.0oa 
2.333 

c 

o.ooo 
0. 000 
a. ooo 

0. oao 
o. 013 
0. 033 

0.1a7 
0. 093 
0.147 

SE N 

3. 885 6 
7.000 6 
1. 815 6 

0.167 6 
0.333 6 
3.301 6 

1.249 6 
0. 882 6 
1. 352 6 

0 

0.667 
3.167 
6.500 

2.000 
4.833 
2.000 

s.ooo 
4.167 
1.167 

SE 

0.667 
1.869 
2.291 

1. 613" 
3.655 
1.265 

2.381 
1.537 
0.307 

Reproductive plant density (ll/m.2) 

SE N 

4. 5l4 6 
0.500 6 
1. 229 6 

0. 000 6 
2.390 6 
L2a2 6 

0.957 6 
2.556 6 
1.174 6 

0 

2.667 
4.000 
7.667 

7.833 
2.667 
2.167 

"4.333 
p.667 
1.167 

SE 

2.667 
2.408 
3.801 

3.701 
0. 760 
0.910 

0. 615 
0.494 
0. 792 

Ephemeral Percent Cover 

SE N 

0. ooa 6 
0.000 6 
0.000 6 

0.000 
0. 013 
0. 022 

0. 058 
0. 040 
0. 038 

0 

0.000 
0.087 
0.067 

0.067 
0.243 
0.063 

0.287 
0.307 
0.273 

SE 

0. 000 
0. a79 
o.a22 

0.040 
0.096 
a.029 

a .057 
0.094 
0.071 

D p 

+ 0.2413 
0. 6083 
0.2382 

D 

0.2099 
0.0336 
0.1299 

0.3167 
0.4170 
0.0720 

p 

+ 0.2114 
0.2338 
0. 2114 

o. 0879 
0.7958 
0. 7470 

0.0320 
0. 0535 
o. 4293 

D p 

0 1.0000 
0. 2547 
a.a108 

0.057"7 
0. 0163 
a. 5aa5 

o.a320 
0. OS43 
0.1404 
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Size Class Two (2.5-5 em) density (l/m.2) 

N 

6 
6 
6 

c 

5.167 
17.000 
6.000 

0.833 
0.833 
7.333 

5.333 
2.167 
9.000 

SE N 

3.468 6. 
17.000 6 
.3. 924 

a.654 
0.654 
3.739 

2.472 
a.703 
2.191 

0 

3.667 
6. 000 

14.000 

16.333 
. "14.000 

12.667 

10.833 
13.833 

1.000 

SE 

2.552 
3.821 
3.055 

10.154 
a. a79 
8.724 

4. 542" 
10.499 

0.365 

D p 

+ 0.7348 
'+ 0.5155 

0.13 88 

0. 004 0 
0.1094 
0.5866 

0.3125 
0.3597 

+ 0.0040 

size Class Four (> 10 em) density (l/m.2) 

N 

6 
6 
6 

N 

c 

10.333 
0.333 
2.833 

0.167 
6.000 
4.833 

2.500 
9.167 
7.000 

c 

6 272.500 
6- .2 .333 
6 17.833 

N 

6 
6 
6 

a·. ooo 
55.833 
14.00a 

20.333 
71.333 
16.667 

c 

0.433 
a.100 
0.323 

0.063 
0.367 
0.343 

0.290 
0.58a 
a.343 

SE 

4. 794 
0.333 
1. 701 

N 

0.167 6" 
3.502 6 
2.056 6 

1. 586 
3.439 
2. i91 

0 

2.667 
3.-167 
8.667 

9.167 
6.167 
3.667 

7.500 
2.833 
2.500 

SE 

2.667 
2.120 
3.870 

3.745 
1.078 
1.520 

0.764 
1.642 
1.025 

Receptacle density (ll/m.2) 

SE 

125. 644 
2.333 

11.244 

0.000 
29.670 

B. 140 

N 

15.515 6 
34.144 6 
8. 245 6 

0 

12a.B33 
26.000 

157.000 

163.500 
33.667 
66. sao 

87.500 
3.500 

32.167 

SE 

120.833 
16.492 
65.869 

83.919 
17.a39 
23.528 

37.523 
2.500 

30.387 

Fueus Percerit Cover 

SE N 

a .195 6 
a.1ao 6. 
0. i34 6 

o.a30 
a: 150 
0.132 

0.128 
a.133 
0 .1a5 

0. 

a.160 
0.140 
a. 4a3 

a.293 
0.367 
0.363 

0.383 
0.417 
a.353 

. SE 

a.145 
o.a61 
a.129 

o.a94 
0.111 
0.125 

a.052 
0.144 
0.134 

D p 

+ 0.1924 
0.2158 
0.1977 

0.0003 
0.9646 

+ 0.6580 

0.0176 
0.1275 

+ 0. 0924 

D p 

+ 0.4047 
0.2103 
0.4154 

0.1089 
+ 0.5317 

o.a612 

0. 1291 
+ o.a256 

0. 6331 

D p 

+ 0.3184 
a. 4404 
0.663a 

0.0202 
0 0. 7842 

0.9659 

0.3886 
+ a.3350 

0. 9785 

standard error; D 



Table A-17 o Fucus Attributes. Herring Bay. coarse .Textured. June 1990 o 
Results of statistical differences between means of oiled and control site pairs. MVD = met,er vertical drop; N = sample size; c = control mean; 0 oiled mean; SE standard error; D 
direction of difference; + = control > oiled; - = control < oiled; 0 = control = oiled; P = probability value; dashes = no data. 

Size Class One (<~ 2 em) density (l#/m.2) Size Class Two (2o5-5 em) density Ul/m.2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 6 1451.667 918o928 6 1803oJ33 531.135 0 0 7472 lOoOOO 8o165 1. 667 l. 667 + Oo4738 
2834C/2834X 3 6 171.667 80 0 350 6 161o667 62o526 0 o9237 13o333 9o545 l6o667 9o189 0 0 8065 

Size Class Three (5o5-10 em) density (l#/m.2) size Class Four (> 10 em) density (1#/m-2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 13o333 6o146 0 0 000 OoOOO + Oo0822 23o333 8o433 6 1o667 1o667 + 0 0 0110 
2834C/28J4X 21.667 17o966 5oOOO 3.416 + 0. 8178 38.333 19.394 6 13.333 7ol49 + 0. 2543 

Repro due ti ve plant density (1#/m-2) Receptacle density (il/m-2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 6 13o333 7. 6ill l. 667 1. 667 + Oo0820 
2834C/2834X 3 6. 16o667 9o888 8o333 4o 773 + Oo4654 

Ephemeral Percent cover Fuaus Percent Cover 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE • D p 

2333C/2333X 3 0.060 o. 060 0 0 003 Oo003 1o 0000 Oo390 Oo107 6 0 0 063 Oo023 + 0 0 0090 
2834C/2834X 3 0.037 o. 033' Oo087 Oo061 Oo6788 Oo383 Ool19 6 Oo157 Oo070 + ·Ool690 
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Table A·l9. FUcus Attributes. Herring Bay. Coarse Textured. July 1990. 
Results of statistical differences between means of oiled and control site pairs. MVD = rnet,er vertical drop; N = sample size; c = control mean; o oiled mean: SE = standard error; D 
direction of difference; + = control > oiled; - = control < oiled; o = control = oiled; P = probability value: dashes = no data. 

Size Class one (<= 2 em) density (#/m.2) Size Class Two (2.5·5 em) density (ll/m.2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 14 78.333 932.007 3048.333 106a .199 a.2921 13 .333 13.333 6 3.333 3.333 + 0.8745 
2834C/2834X 85:3.333 372.967 248.333 123.408 + a .1546 20.000 18.074 6 10.000 5.164 + 0.6063 

size Class Three (5.5-10 em) density Ul/m.2) Size Class Four (> 10 em) density (fl/m.2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 11.667 7.923 0. 000 o."ooo + a .2o09 6 16.667 9.189 1.667 1.667 + 0.0754 
2834C/2834X 25.000 25.aoo 3.333 2.108 + 0. 8418 6 36.667 17.256 10.000 6.325 + 0.1774 

Reproductive p1ant density (fl/m.2) Receptacle density (fl/m.2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 6 3. 333 2.108 6 1.667 1.667 0.5490 0 
2834C/2834X 6 15 .. 000 9.574 6 1.667 1.667 0.2105 0 

'-

Ephemeral Percent Cover Puc us P~rcent. cover 

·sit:<.:-Pair- MVD N 
- -- -c:·"" s~:;· c N ·o· SE D p N c SE· N SE D p 0 

2333C/23:33X 3 0.060 0.060 6 0.003 0. 003 + 1. 0000 6 0.243 0,100 o. 050 0.016 + 0.0984 
2834C/2834X 3 0. 040 a. o1s .6 0.097 0.074 0.8550 6 0.247 0.083 0.050 0.021 +" 0.0466 
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Table A-19. Fucus Attributes. Herring Bay. coarse Textured. July 1990. 
Results of statistical differences between means of oiled and control site pairs. MVD = met.er vertical drop; N = sample size; c = control mean; 0 oiled mean; SE standard error; D 
direction of difference; + = control > oi~ed; - = control < oiled; o = control = oiled; P = probability value; dashes = no data. 

Size Class one (<= 2 em) density (ll/m'2) siz~ Class Two (2.5-5 em) density (ll/m'2) 

site Pair MVD N c SE N 0 SE D' p N c SE N ·0 SE D p 

2333C/2333X 3 6 1525.000 985.365 1841.667 591.560 0. 7885 10.000 10. 000 6.667 6.667 + 0. 7872 
2834C/2834X 3 6 813.333 351.754 356.667 107.197 0.2426 23.333 21.396 26.667 12.561 0.8958 

Size Class Three (5.5-10 em) density (ll/m'2) Size Class Four (> 10 em) density (ll/m'2) 

site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 6 10.000 6.325 o.ooo 0.000 + 0 .174 7 18.333 9. 098 o.ooo o.ooo + 0.1000 
2834C/2834X 6 18.333 18.333 3.333 2.108 + 0.8120 38.333 19.734 6.667 3.333 + 0. 3877 

Reproductive plant density (11/m-2) Receptacle density (11/m-2) 

site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 6 o.ooo o.ooo o.ooo 0.000 0 1.0000 0 
2834C/2834X 3 6 16.667 12.824 1. 667 1.667 0. 2223 0 

Ephemeral Percent Cover Fucus Percent Cover 

site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D ·P 

2333C/2333X 0.083 0.079 0.007 0.004 + 0. 8776 0.223 o. 084 6 0.040 0.014 + 0. 0694 
2834C/2834X 0.023 0.008 0.107 0.077 o. 6038 0.177 0.066 6 0,030 o. 015 + 0.1218 
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~able A-20. FUcus Attributes. Herring Bay. Coarse Textured. August 1990. 
Results of statistical differences between means of oiled and control site pairs. MVD = met.er vertical drop; N = e:ample size; c = control mean; 0 oiled mean; SE standard error; D 
direction of difference; + "" control > oiled; - = control < oiled; 0 = control "" oiled; P = probability value; dashes = no data. 

Size Class one (<a 2 em) density Cl/m"2) Size Class Two (2.5-S em) density (ll/m"2) 

site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 1551.667 1040.806 3541.667 1126.926 0.2237 6 10.000 10.000 6 6.667 6.667 + 0.7872 
2834C/2834X 3 925.000 386.657 545.000 243.047 + 0.4250 6 33.333 19.607 6 13.333 7.149 + 0.3605 

s:t.ze Class Three (5.5-10 em) density Ul/m.2) Size Class Four (> 10 em) density (ll/m"2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 8.333 4.773 o. 000 0. 000 + 0.1412 18.333 9. 098 o. 000 o.ooo + 0.1000 
2834C/2834X 3 18.333 18.333 3.333 2.108 + 0.8120 30.000 16.330 5.000 3.416 + 0. 4257 

Reproductive plant density (ll/m.2) Receptacle density (ll/m.2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 l. 667 1.667 0. 000 0.000 + 0.3632 20.000 20.000 6 o. 000 o.ooo + 0.3632 
2834C/2834X 3 10.000 e .165 o.ooo o.ooo + 0.2752 30.000 26.204 6 0. 000 0.000 + 0.3041 

Ephemeral Percent Cover PUcus Percent Cover 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 0.127 0.105 0.160 0. 069 0.5812 0.153 o. 053 6 0.050 0.015 + 0.1608 
2834C/2834X 3 0.010 o. 007 0.020 0.014 0.8210 0.127 0.061 6 0.030 0. 019 + 0.2306 
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Table A-21. FUCU& Attribute&~ Herring Bay. Coarse 'rextur«tt. Auguet 1990. 
Results of etatistical differences between meane of oiled and control site pairs. MVD met_er vertical drop; N = sample slze; c "' control mean; o 
direction of difference; + ::e control > oiled; - control < oiled; o "" control = oiled; P = probability value; dashes no data. 

oiled mean; SE = standard error; D 

Size Claes One {<• 2 em) density (l/m"'2:) Size Clus Two (2.5·5 em) density (l/m"2) 

Site Pair MV'D N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 6 1665.000 1026.264 6 2860.000 1147.969 0. 455 7 6 e. 333 8.333 6 20.000 16.330 0. 5388 
2B34C/2834X 3 6 986.667 386.089 6 1480.000 566.299 0. 49 82 6 25.000 17.272 6 31.667 14.4 72 0. 7734 

Site ClaBa Tbre• (5.5·10 em) density (1/m"l) Size Class Four (> 10 em) denaity (l/m"2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 6 10.000 6.325 6 0.000 0.000 + 0.1747 6 15.000 7. 638 6 0,000 0. 000 + 0.1067 
2834C/2634X 3 6 18.333 1 a. 333 6 l. 667 1.667 + 0.7al6 6 30.000 17.512 6 0. 000 o. 000 ... 0.1474 

Reproductive plant denaity (ft'/m"'2) Receptacle llensity (l/m"2) 

Site Pair MV'D N c SE N 0 SE: D p N c SE N 0 SE D p 

2333C/2333X 3 6 1.661 1.667 6 0.000 0 .ooo + 0.3632 
2834C/2834X 3 6 a .333 a .333 6 0.000 0 .ooo + 0.3632 

Ephemeral Percent cover Fuc:us Percent Cover 

Site Pair MY'!> N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 6 0.110 0.110 6 0.067 0 '039 + 0. 9254 6 0.167 0.072 6 0.047 0.016 + 0.2444 
2834C/2834X 3 6 0.007 0.004 6 0.083 0. 060 0.4616 6 0.120 0. 046 6 o. 013 0 ~009 + 0.0672 
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Table A·22. Fucus Attributes. Herring Bay. coarse 'rextured. September 1990. 
Results of statistical differences between means of oiled and control site pairs. MVD = met.er vertical drop; N = sample size; c = control mean·; 0 oiled mean; SE standard error; D 
direction of difference; + = control > oiled; - :::: corttrol < oiled; 0 = control = oiled; P = probability value; dashes = no data. 

Size Class one (<~ 2 em) density (fl/m.2) Size Class Two (2.5-5 em) density (fl/m.2) 

Site Pair MVD N c SE N 0 SE D' p N c SE N 0 SE D p 

2333C/2333X 3 1423.333 900.732 3495.000 1151.251 0.1868 6.667 6.667 5 ._ooo s.ooo + 0.8455 
2B34C/2B34X 3 965.000 390.100 990.000 349.657 0.9629 30.000 18 0 439 10.000 6.325 + a.3291 

size Class Three (5.5·10 em) density (fl/m.2) Size Class Pour (> 10 em) density (fl/m.2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 13 0 333 9.545 o.aoa a.oaa + a .2213 16.667 7.6a1 o.oao o.oao + 0.0798 
2834C/2834X 3 20.aaa 2a.aaa 1.667 1.667 + 0. 7758 28.333 16. 617 3.333 2.1a8 + a. 4a73 

Reproductive plant density (fl/m"2) Receptacle density (fl/m"2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 1.667 1. 667 a.ooo o.aoa + a .3632 
2B34C/2834X 3 1.667 1. 667 o.aoo o.aoa + a .3632 

Bphemeral Percent Cover Fucus Percent Cover 

lll!te_~air MVD N c SE N 0 SE D p N c SE N o. SE D p 

2333C/2333X 3 a.150 a.13l a.o57 a.a49 + a. 6884 0.12a a.o5a o. 037 o.a14 + 0.2068 
2834C/2834X 3 o.Ooo 0. oao a.107 a.o61 0 0 a1a6 a.137 a.a63 0.02a 0.01a + 0.1418 
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Table A-23. Fucus Attributes. Herring Bay. coarse Textured. April 1991. 
Results of statistical differences between means of oiled and control site pairs. MVD = met.er vertical drqp; N = sample size; c = control mean; 0 oiled mean; SE standard error; D 
direction of difference; + = control > oiled; - = control < oiled; o = control = oiled; P = probability value; dashes = no data. 

Size Class One (<= 2 em) density (ll/m.2) Size Class Two (2.5-5 em) density (ll/m.2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 41.667 41.667 2610.000 858.468 0.0001 3.333 2.108 698.333 366.255 0 0 0002 
2834C/2834X 118.333 71.387 346.667 203.939 0 0 3155 8.333 6.541 20.000 16.125 0 0 5177 

Size Class 1'hree (5.5-10 em) density (ll/m.2) Size Class Pour (> 10 em) density (8/m.2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 8.333 6. 541 21.667 12.225 0.3589 11.667 6 0 009 1.667 1.667 ~ 0.1399 
2834C/2834X 3 13.333 13.333 3.333 2.108 0.7802 23.333 9.189 3.333 2.108 + 0.1702 

Reproductive plant density (ll/m.2) Receptacle density (8/m.2) 

site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 8.333 4.014 o.ooo 0.000 + 0 .0925 6 86 0 667 50 0 310 o.ooo a·. aoo 0.1456 
2834C/2834X 3 11.667 4.014 o.ooo 0 0 000 0.0335 6 163.333 64.842 0.000 o.aoo 0.0532 

Ephemeral Percent Cover Fucus Percent Cover 

site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 0.107 0.092 6 0.057 0.046 + 0.6210 0.150 0.063 0.277 0.104 0 0 2720 
2834C/2834X 3 0 0 003 0.003 6 0.050 0.036 0.4616 0.133 0.049 a. 030 0 0 010 0.1122 
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Table A-24. FUeus Attributes. Herring Bay. Coarse Textured. June 1991. 
Results of statistiCal differences between means of oiled and control site pairs. MVD = met.er vertical drop; N sample size; c = control mean; o oiled mean: SE standard error; D 
direction of diff~rence; + = control > oiled; - = control < oiled; 0 = control = oiled; P = probability value; dashes = no data. 

Size Class one (<= 2 em) density (#/m"2) size Class Two (2.5-5 em) density (8/m"2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 6 265.000 241.230 1108.333 373.385 0. 0870 6 s.ooo 3.416 620.000 343.540 0. 0008 
2834C/2834X 3 6 351.667 166.582 868.333 438.044 0. 2961 6 10.000 8.165 93.333 51.489 0.0693 

Size Cl8.ss Three (5.5·10 em) density (#/m"2) Size Class FoUr (> 10 am) density (8/m"2) 

site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 1. 667 1.667 85.000 52.713 0.1465 6.667 2.108 0.000 o.ooo + 0.0250 
2834C/2834X 3 15.000 10.247 15.000 10.247 0 1. 0000 16.667 6.667 1. 667 1.667 0. 0684 

Reproductive plant density (8/m"2) Receptacle density (8/m"2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 3.333 2.108 0.000 o.ooo + 0.1747 128.333 99.814 6 0.000 o.ooo + 0.2549 
2834C/2834X 3 8.333 4.014 0.000 o.ooo + 0. 0925 158.333 101.207 6 0.000 0.000 + 0.1785 

Ephemeral Percent Cover FucuS Percent Cover 

Site.Pair MVD N .. c. SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 0.147 0.114 0.030 0.030 + 0.4118 0.120 0.060 6 0.223 0.118 0.5596 
2834C/2834X 3 - 0 '003 0.003 o. 097 0. 089 0.4222 0.063 0.037 6 0.043 0.022 + 0.8516. 

A-24 



Table A•25. Fucus Attributes. Herring Bay. Coarse Textured. August 1991. 
Results of statistical differences between means of oiled and control site pairs. MVD = met.er vertical drop; N = sample size; c = control mean; 0 oiled mean; SE standard error: D 
direction of difference; + = control > oiled; - = control < oiled; 0 = control = oiled; P = probability value; dashes = no data. 

Size Class one (<q 2 em) denSity (#/m"2) size Class Two (2.5·5 em) clensity (H/m"2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 6 126.667 112.891 950.000 469.879 0. 0149 8.333 6. 541 668.333 313.671 0. 0178 
2834C/2834X 3 6 326.667 131.825 383.333 166.166 0. 7948 6.667 4.944 100.000 55.678 0.1482 

Size Class Three (5.5-10 em) density (H/m"2) Size Class Four (> 10 em) <lsnsity (H/m"2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X o.ooo 0. 000 6 326.667 173.690 0.1191 10.000 4.472 1.667 1.667 0.1114 
2834C/2634X 11.667 11.667 6 16.333 10.462 0. 6795 13.333 8. 819 5.000 3.416 0.3989 

Reproductive plant density (H/m"2) Receptacle density (H/m"2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 6 5.000 5. 000 0.000 0.000 + 0.3632 6 76.667 76.667 o.ooo 0.000 + 0.3632 
2834C/2834X 3 6 6.667 4.216 0. 000 0.000 + 0.1747 6 40.000 27.325 0 .ooo 0.000 + 0.2031 

Ephemeral Percent Cover Fucus Percent cover 

S:lte Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 0.157 0.134 0. 000 0.000 + 0.4642 0 .-143" 0.089 0.340 0.131 0.2292 
2834C/2634X 0.027 0. 016 o. 083 0.063 0.9236 0.073 0.038 0.073 0.037 0 0. 9314 ·~ 
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Table A-26. FUcus Attributes. Herring Bay. Coarse "textured. June 1992. 
Results of statistical differenCes between means of oiled and control site pairs. MVD = met.er vertical drop; N = sample size; c = control mean; 0 oiled mean; SE standard error; D 
direction of difference; + = control > oiled; - = control < oiled; o = control = oiled; P = probability value; dashes = no data. 

Size Class One (<- 2 em) density (tl/m.2) Size Class TWO (2.5-5 em) density Ul/m.2) 

site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 146.661 121.537 6 353.333 176.667 0. 3519 3.333 3.333 6 406.667 156.539 0.0052 
2834C/2834X 3 21.661 10.176 6 198.333 118.277 0.5237 0.000 0. DOD 6 101.667 74.584 0.2310 

Size Class Three (5.5-10 em) density (8/m.2) Size Class Pour (~ 10 em) density Ul/m.2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 10. ODD 8.165 281.661 109 .100 0.0262 6 0.000 o.ooo 76.661 43.333 0.1311 
2834C/2834X 3 1.661 1.661 63.333 47.796 0.0616 6 1.661 1.661 26.661 14.063 0. 0647 

Reproductive plant density (ll/m.2) Receptacle density (ll/m.2) 

Site Poiir MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 6 0.000 o.ooo 6 5.000 3.416 0.2031 6 0.000 o.ooo s.ooo 3.416 0.2031 
2834C/2834X 3 6 0.000 o.ooo 6 6.667 3.333 0.1019 6 0.000 0.000 36.661 27.162 0.2349 

Bp~emeral Percent Cover PUc us Percent Cover 

Site -Pair ··MVD N C, .SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 0.133 0. 110 6 o.ooo o.ooo + 0.0322 0.033 0.022 6 0.457" 0:137 0.0312 
2834C/2834X 3 0.023 o. 010 6 0.047 0.~47 0. 8504 0.020 0. 013 6 0.110 0.057 0.1964 
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Table A·27. Fucus Attributes. Herring Bay. Coarse Textured. August 1992. 
Results of statistical differences between means of oiled and control site pairs. MVD = meter vertical drop; N = sample size; c = control mean; 0 oiled mean; SE standard error; D 
direction of difference; + = control > oiled; - = control < oiled; o = control = oiled; P = probability value; dashes = no data. 

Size Class one (<= 2 em) density (ll/m"2) Size Class Two (2.5-5 em) density (ll/m"2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 158.333 125.709 208.333 86.387 0. 749 8 8.333 8.333 291.667 109.496 0. 00.04 
2834C/2834X 3 51.667 36.002 96.667 42.479 0. 43 78 o.ooo o. 000 33.333 25.647 0.2504 

size Class Three (5.5·10 em) density Ul/m"2) Size Class Four (> 10 em) density (ll/m"2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 6 6.667 6.667 6 .205 .ooo 68 .544 0.0084 1.667 1.667 6 193.333 71.539 0. 0054 
2834C/2834X 3 6 o. 000 0.000 6 50.000 36.788 0. 2322 1.667 1.667 6 46.667 23.476 0. 0554 

Reproductive plant density (ll/m"2) Rece~tacle density Ul/m"2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 6 0.000 0.000 6 o.ooo o.ooo 0 1.0000 0.000 0 .ooo 0.000 0. 000 0 l. DODD 
2834C/2834X 3 6 0. coo 0.000 6 1.667 1.667 0.3632 0. ODD 0.000 1.667 1.667 0.3632 

Ephemeral ··Percent Cover Fucua Percent Cover 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 6 0.153 0.149 6 o.ooo 0.000 + 0.3632 6 0.017 0.017 6 0.600 0.146 0.0024 
2834C/2834X 3 6 0.000 0.000 6 0.017 0.017 0. 8300 6 0.013 0.013 6 0.193 . 0.131 0. 0682 

A-27 



Table A-29. Fucus Attributes. Herring Bay. Coarse ~extured. June 1993. 
Results of statistical differences between means of oiled and control site pairs. MVD = met.er vertical drop; N = sample size; c = control mean; 0 oiled mean; SE standard error: D 
direction of difference; + = control > oiled; - = control < oiled; o = control = oiled; P = probability value; dashes = no data. 

Size Class One (<= 2 em) density (ll/m.2) Size Class Two (2.5-S em) density (ll/m.2) 

site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 21.667 4. 773 6 65.000 44.628 0.4601 5.000 3.416 63.333 24.450 0.1376 
2S34C/2B34X 3 186.667 184.674 6 81.667 55.222 + 0.5979 3.333 3.333 10.000 4.472 0.2596 

size Class Three (5.5-10 em) density (il/m.2) Size Class Four (> 10 em) density Ul/m.2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 3.333 3.333 6 58 .333 17.013 0.0002 8.333 6.541 118.333 40.531 0.0031 
2834C/2B34X 3 0. 000 o.ooo 6 15.000 10.247 0.2031 0.000 0.000 38.333 23.298 0.1608 

Reproductive plant density (il/m.2) Receptacle density (il/m.2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 1.667 1.667 6 33.333 11.450 0.0096 13.333 13.333 141.667 56.179 0.0170 
2834C/2834X 3 0.000 o.ooo 6 8.333 6.541 0.2586 0.000 0. coo 81.667 73.956 0. 3198 

Ephemeral Percent Cover PUC US Percent Cover 

_site Pair MVD N c SJ:: N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 0.163 0.148 6 0.007 0.007 + 0. 4250 o.oso 0.032 6 o. 753 0.134 0.0030 
2834C/2834X 3 0.040 0.013 6 0.007 0.004 + 0. 0240 0.003 0.003 6 -0.277 0.119 0. 0516 
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Table A-29. Fucus Attributes. Herring Bay. Coarse Textured. September 1993. 
Results of statistical differences between means of oiled and control site pairs. MVD = met.er vertical drop; N = sample size; c = control mean; 0 oiled mean; SE standard error; D = 
direction of difference; + = control > oiled; - = control < oil~d; o = control = oiled; P = probability value; dashes = no data. 

Size Class one (<= 2 em) density (ll/m'2) Size Class Two (2.5-5 em) density Ul/m"2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 9o.ooo 49.261 6 93.333 93.333 0.9754 10.000 8.165 41.667 24.141 0.2424 
2834C/2834X 246.667 234.800 6 56.667 48.831 + 0.8952 25.000 25.000 15.000 8.062 0. 7114 

Size Class Three (5.5-10 em) density (#/m"2) Size Class Four (,. 10 em) density (ll/m"2) 

site Pair MVIi N c SE N 0 SE D p N c SE - N 0 SE D p 

2333C/2333X 0. 000 0.000 6 46.667 16.262 a.a35a 3.333 3.333 13a.oaa 41.633 a.oao1 
2834C/2834X a. aoo 0.000 6 20.aoo 13. 663 0.2031 a.aoa a.ooo 46.667 37.208 0.2652 

Reproductive plant density (#/m"2) Receptacle density (ll/m'2) 

site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 6 0. 000 0.000 6 8.333 4.014 0.0925 6 o.ooo o.ooo 6 23.333 13.333 0.1405 
2834C/2834X 3 6 0. 000 0.000 6 0.000 o.ooo 0 1.0000 6 o.ooo 0.000 6 o.ooo o.ooo 0 1. ooao 

Ephemeral Percent Cover Fucus Percent Cover 

Site Pair MVD N . c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 o- - 0 
2834C/2834X 3 a 
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Table A-30. Fucus Attributes. Herring Bay. Coarse Textured. May 1994. 
Results of statistical differences between means of oiled and control site pairs. MVD = meter vertical drop; N = sample size; c = control mean; 0 oiled mean; SE = standard error; D = 
direction of difference; + = control > oiled; - = control < oiled; o = control = oiled; P = probability value; dashes = no data. 

Size Class One (<• 2 em) density (ll/m.2) Size Class 'rwo (2.5-5 em) density (ll/m.2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 243.333 125.928 6 l. 667 1.667 + 0. 0376 13.333 7.149 8.333 8.333 + 0. 6586 
2834C/2834X 3 101.667 84.238 6 85.000 49.041 + o. 8676 20.000 20.000 1.667 1.667 + 0. 7158 

Size Class Three (5.5-10 em) density (#/m.2) Size Class Four (> 10 em) density (ll/m.2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 8·.333 5.426 20.000 12.910 0.4242 1.667 1.667 80.000 22.509 0.0001 
2834C/2834X 3 1.667 l. 667 3.333 3.333 o. 6643 0.000 0. 000 11.667 7.923 0. 2009 

Reproductive plant density (ll/m.2) Receptacle density (ll/m.2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 1.667 l. 667 6 41.667 13.017 0. 0001 26.667 26 .• 667 6 253.333 86.204 o. 0308 
2834C/2834X 3 0.000 0.000 6 8.333 4.773 0.1412 0.000 0.000 6 55.000 33.838 0.1650 

Ephemeral Percent-Cover Fucus _Percent Cover 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

-2·3-33.C/2333X 3 '6 - -· 07090 -'07086- 6 o·;·ooo -o·; ooo- + ··o·; 4'4 78 ____ --6 0'.013' 0'.010 ·0.470 0.075 0. 0010 
2834C/2834X 3 6 0.013 0.013 5 0.036 0.027 0.5678 6 0.003 0.003 0.348 0.186 0.0132 
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Table A-31. Fucus Attributes. Herring Bay. coarse Textured. September 1994. 
Results of statistical differences between means of oiled and control site pairs. MVD = met~r vertical drop; N = sample size: c = control mean; o oiled mean; SE 
direction of difference; + = control > oiled; - = control < oiled; o = control = oiled; P = probability value; dashes = no data. 

Size Class one (<= 2 em) density (ll/m"2) Size Class Two (2.5-5 em) density (ll/m"2) 

Site Pair MVD N c SE N 0 SE D. p N c SE N 0 SE D p 

2333C/2333X 3 90.000 53o166 6' 16o667 10 0 853 + Oo4681 llo667 7o491 OoOOO 0 0 000 + Ool801 
2834C/2634X 3 515 0 000 253 o150 6 l58o333 105o623 + Oo2227 8o333 8o333 l3o333 11.450 Oo7314 

Size Class Three (5.5-10 em) density (ll/m"2) Size Class Four (> 10 em) density (tl/m"2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 6o667 4o944 6 8o333 4o773 0 0 8133 lo667 1.667 43o333 9o868 0 0 0001 
2834C/2834X 3 5.000 SoOOO 6 OoOOO OoOOO + Oo3632 OoOOO OoOOO 16.667 8o028 0 o0925 

Reproductive plant density Ul/m"2) Receptacle density (ll/m"2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 o.ooo OoOOO 8 o333 So 426 Ool852 6 a.ooo OoOOO so 0 000 33o267 Ool932 
2834C/2834X 3 OoOOO Oo 000 OoOOO o.ooo 0 1. 0000 6 0.000 o.ooo o.ooo 0 0 000 0 lo 0000 

Ephemeral Percent cover FUcus PerCent Cover 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

23 33C/2333X 3 Oo233 0.167 6 OoOOO OoOOO + 0 0 0942 Oo070 Oo048 0.300 oo·o44 0 0 0110 
2834C/2834X 3 Oo020 Oo 016 5 Ool48 Ool48 0 0 8762 0.013 Oo0l3 0.192 0.107 0 .. 0422 
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Table A-32. Fucus Attributes. Herring Bay. Coarse Textured. May 1995. 
Results of statistical differences between means of oiled and control site pairs. MVD = meter vertical drop; N = sample size; c = control mean; 0 oiled mean; SE standard error; D 
direction of difference; + = control > oiled; - = control < oiled; o ~ control = oiled; P = probability value; dashes = no data. 

Size Class One (<= 2 em) density (ll/m.2) Size Class 'l'wo (2.5·5 em) density (ll/m.2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 10.667 5.897 0.167 0.167 + 0. 0017 2.333 1.229 6 0.167 0.167 + 0.1489 
2834C/2834X 3 22.667 17.183 34.500 21.039 o. 6724 1. 667 1.476 6 3.000 1. 693 0.5659 

Size Class Three (5.5·10 em) density (#/m.2) Size Class Four (> 10 em) density cll/m·2, 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 0.500 0.500 6 0.167 0.167 + 0. 5413 6 0.333 0.211 6 1.000 0.683 0.3730 
2834C/2834X 3 0.833 0.833 6 0.167 0.167 + 0. 7460 6 0.167 0.167 6 0.333 0.333 0.6643 

Reproductive plant density (ll/m.2) Receptacle density Cll/m.2) 

Site Pair MVD N c SE N 0 SE D p N c SE N 0 SE D p 

2333C/2333X 3 6 0.333 0.211 0.333 0.211 0 1. oooo 6 12.333 11.363 6 o. 833 0.654 + 0.5975 
2834C/2834X 3 6 o.ooo o.ooo 0,167 0.167 0.3632 6 o.ooo o.ooo 6 7.500 7.500 0.3632 

Ephemeral Percent Cover Fucus Percent cover 

Site Pair MVD N c SE N 0 SE D p N c SE N . 0 SE D p 

2333C/2333X 3 6 0.160 0.137 6 0.000 o.ooo + 0.2040 0.073 o.osa 6 0.137 0.042 0.1724 
2834C/2834X 3 6_ 0. 013 o. 008 -5 0.028 0.028 0.9112 0.013 0.013 5 0.016 0.012 0.6768 
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Appendix B-1. Mean (±standard error) number of Fucus eggs per plate at all site pairs 
and all MVDs during summer months from 1991 to 1995. Significance (Sig) is indicated by 
asterisks: 1 asterisk=p<0.05; 2 asterisks=p<0.01; and 3 asterisks=p<0.001. 

0. 5 MVD 

Site 
Pair Year Month --~c~o~n~t~r~o~l-- --~o~i~l~e~d~- Sig 

1221C 1991 May 
1221X 

June 

July 

1992 May 

June 

July 

1993 June 

July 

1994 May 

4.38 (0.60) 

54. 06 (18. 96) 

25.06 (8.33) 

19.92 (14.11) 

106.75 (38.43) 

63.92 (31. 25) 

83.50 (44. 97) 

3.08 (2.35) 

14.08 (4.86) 

June 26. 25 (14 . 69) 

Aug. 12e.5e (41.55) 

Sept. 67. e3 (32. B3l 

1995 May 0.17 (0.10) 

June 1.75 (0.55) 

July 4.83 (2.58) 

Aug. 2.75 (0.73) 

1.00 (0.18) ** 
1.00 (0.53) *** 

0.06 (0.06) *** 
0.08 (0.08) *** 

1. 58 (1. 26) *** 
0.17 (0.17) *** 

e. 67 (2. 671 *** 

0.25 (0.14) 

3.58 (1.11) 

0.83 (0.29) *** 

9. 92 (2.86) *** 

2. 75 (0. 73) *** 

0.17 (0.17) 

17.17 (13.19) 

0.00 (0.00) 

0.42 (0.32) * 

Control 

9.94 (3.53) 

27.38 (6. 77) 

4. 81(2.11) 

63.42 (22.57) 

56. 83 (13. 54) 

48.25 (17.77) 

23.50 (22.51) 

1.50 (1.01) 

9. 83 (1. 69) 

61. 92 (52. 14) 

99.50 (80.54) 

41.67 (28.07) 

0.08 (0.08) 

22.67(7.78) 

6. 92 (2. 71) 

9.17 (4. 88) 

1. 0 MVD 

Oiled 

2.13 (0.46) 

0.50 (0.42) 

0.13 (0.07) 

0.75 (0.32) 

0.58 (0.25) 

0.08 (0.08) 

8.00 (2.92) 

0.00 (0.00) 

32.17 (10.24) 

9.58 (3.68) 

23.25 (7. 03) 

32.33 (25. 47) 

0. 08 (0. 08) 

9.92 (2. 70) 

o. 92 (0.81) 

0.17 (0.17) 
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*** 

*** 

*** 

*** 

** 

*** 

2.0 MVD 

Control Oiled 

4.88 (3.11) 10.81 (6.60) 

91.75(44.78) 13.88 (7.43) * 
0.88 (0.13) 0.13 (0.07) 

12.75 (5. 89) 3.25 (1.34) 

19.83 (10.77) 1.00 (0.43) * 
37. 42 (11. 00) 0.00 (0.00) *** 

5.00 (1.14) 5.75 (1.76) 

0.92 (0.70) 0.50 (0.35) 

29.58 (19.28) 60.42 (27. 98) 

4. 00 (2. 45) 12.83 (5.58) 

42.58 (34.30) 41.42 (12.80) 

7.08 (2.48) 5.83(1.46) 

10.00 (3.59t 1.00 (0.59) * 
28.25 (19.67) 3.42 (1.44) * 

19.67 (7.51) 0.33 (0.24) *** 

0.42 (0.21) 0.17 (0.10) 



Appendix B-1. Cont. 

0.5 MVD 1.0 MVD 2.0 MVD 

Site 
Pair Year Month, Control Oiled Sig Control Oiled ill.g Control Oiled Sig 

1222C 1991 May 1. 63 (1o18) 0.38 (0.30) 4 0 50 t2 o18) Oo88 (0o88) 4 0 06 (1.12) 16.06 (14.99) 

1322X 
June 16o3l (5o04) Oo25 (Oo18) **'*' 27 0 06 (7 0 32) Oo 63 (0.16) *** 86o25 (23o39) 4o63(4o05) *** 

July 18.75 (3.41) 0 0 06 (0. 06) *** 5o69(1.02) Oo06 (Oo06) *** 3.56 (Oo 72) 0.69 (Oo31) *** 

1992 May 9o00 (3o12) Oo17 (Oo17) *0 22.33 (9 0 25) Oo50 (Oo32) *** 1. 83 (0 o10) 6.58 (1.94) 

June 22. 92 (6 0 77) Oo58 (0.21) *** 23o00 (6o43) Oo58 (Oo34) ** 50 50 (1.21) 3.58 (3.05) 

July 14 0 08 (4 0 79) Oo08 (OoOB) *** 16o17 (9o90) 1. 92 (1.27) Oo83 (Oo52) 0.58 (Oo21) 

1993 June 257o17 (58o04) 26o42 (13o31) *** 59o17 (30o58) 21. 08 (7. 01) lloSO (Oo91) 30.83 (13o07) 

July 8o50 (7o51) Oo25 (Oo25) * 1. 00 (0 0 27) OoOO (0.00) 1.00 (Oo33) 2. 00 (1. 08) 

1994 May 38 0 92 (14. 73) 1.08 (Oo37) ** 46.0.8 133.85) 20o25 (11.51) 3lo 67 (15 0 29) 52.25 (22.88) 

June 50o92 (19.21) 1.83 (Oo10) *** 39o 83 (27. 64) 16o92 (7.73) 20 0 67 ( 9 0 34) 24.38 (8o35) 

Aug. 391o 92 (137 0 42) 31.25 (19o38) *** 45o67 (8o54) 59o25 (6o92) 24.17 (6o65) 28o33 (2.06) 

Sept. 163.67 (l15o02) 6o 67 (3o24) *** 51. 75 (13 0 77) 67o83 (48o44) 11.17 (2o85) 10.58 (So97) 

1995 May 0.58 (Oo29) Oo83 (0.22) o. 75 (Oo21) Oo 67 (0o30) 23.83 (7.98) 33.83 (15o39) 

June 94.25 (24 0 69) 2o00 (0.49) *** 39 0 75 (llo 69) 18o75 (Soll) 11.42 (6o64) 6.92 (2o84) 

July 2. 83 (2o 01) 5o33 (3 0 62) Oo25 (Oo16) 7o58 (5.07) Oo25 (Oo16) 4.33 (3o46) 

Aug. 12o17 (3o49) 10o08 (2.51) Oo92 (Oo58) 18o83 (10o03) *** 0.75 (0.34) 3.25 (1.07) 
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Appendix B-1. Cont. 

0.5 MVD 1. 0 MVD 2.0 MVD 

Site 
Pair Year Month Control Oiled Sig Cgntrol Oiled Sig Control Oiled .si.g 

1231C 1991 May 3.94 (2.89) 0.00 (0.00) 2.19 (1.04) 0.00 (0.00) 0. 50 (0 .18) 0.25 (0.10) 

1231X 
June 132. 63 (118. 20) 0.13 (0.07) *** 29.19 (15.74) 0.88(0.48) *** 9.19 (6.20) 0.75 (0.32) * 

July 80.56 (72.05) 0.13 (0.07) *** 31.06 (15.04) 0.06 (0.06) *** 2.31 (0.45) 0.31 (0.06) *** 

1312C 1992 May 93.25 (33.81) 4.75 (1.32) 24 7. 25 (58. 71) 3.00 (0.59) *** 17.67 (7. 79) 3.58 (2.63) * 
1312X 

June 181.25 (75.54) 0.83 (0.22) *** 135.75 (52. 95) 4.17 (2. 06) ** 19.75 (6.70) 6.42 (2.05) 

July 262.42 (108.47) 0.08 (0.08) *** 93.50 (32.04) 2.33 (1.80) ** 11.08 (3. 36) 0.42 (0.21) *** 

1732C 1993 June 141.08. (67. 73) 0. 75 (0.29) *** 162.92 (55. 64) 14.08 (6.01) * 11. 17 (3. 59) 10.75 (3.19) 

1732X 
July 17.25 (16.25) 0.50 (0.29) 5.75 (4.32) 1.17 (0.95) 0.92 (0.21) 4. 92 (2.13) 

3C 1994 June 20.42 (7.81) 1.67 (0.54) *** 38. l 7 (23. 53) 6.25 (3.98) * 8.33 (l.Ol) 11.75 (6.49) 

3X 
Aug. 53.08 (23.32) 4.67 (1.93) *** 12.33 (0. 81) 6.92 (0.90) 10.92 (2.58) 7.17 (l. 84) 

Sept. 7 .so (2. 74) 1.50 (1.28) * 4. 00 (0. 90) p.75 (0.37) * 2.92 (0.88) 1.17 (0.48) 

5C 1995 May 17. 50 (14 . 99) 12.50 (5.48) 27.92 (19.12) 6.75 (2.88) 21.17 (11.45) 4. 92 (1. 72) 

5X 
June 43.33 (20.14) 5.25 (1.98) * 110.50 (83.19) 53.67 (16. 00) 13.08 (7.47) 25.33 (11. 21) 

July 1.25 (0.58) 3.50 (2.37) 1.00 (0.36) 11.83 (6.44) * 0.67 (0.36) 82.58 (32.45) *** 

Aug. 4 7 . 33 (21 . 34) 0.42 (0.25) ** 47.08 (30.36) 2.42 (2.20) *** 0.83 (0.32) 1.25 (0.55) 
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Appendix B-1. Cont. 

0.5 MVD 1. 0 MVD 2.0 MVD 

Site 
Pair Year Month ContrQl Oiled Sig Control Oiled Sig Control Oiled Sig 

1723C 1991 May 0.:25 (0.18) 0.06 (0.06) 0.00 (0.00) 0.06 (0.06) 0.19 (0.12) 0.63 (0.38) 

1723X 
June 21.44 (6.26) 0.50 (0.18) *** 35.25 (12.15) 1.94 (1.20) *** 7.88 (3.03) 14.69 (11.31) 

July 22.44 (13.02) 0.13 (0.07) *** 14.50 (6.49) 0.38 (0.07) *** 3.63 (0.87) 0.38 (0.38) *** 

1411C 1992 May 554. 92 (265. 50) 3.17 (2.73) *** 768.83 (168.43) 10.08 (7.77) *** 93.08 (40.27) 9.58 (3.93) * 
1311X 

June 126. 83 (80. 33) 0.25 (0.16) *** 131.17 (28. 61) 4.00 (2.09) ** 12.42 (2. 77) 3. 75 (1.98) 

July 612. 33 (514. 84) 0.67(0.30) *** 62.00 (23.16) 4. 83 (2 .54) ** 8.83 (2.86) 0.75 (0.29) *** 

1713C 1993 June 96.08 (63.54) 0.75 (0.08) *** 74.33 (22; 89) 116.58 (58.51) 17.50 (7.18) 16_.25 (12.94) 

1713X 
July 11.50 (5. 32) 0. 08 (0. 08) *** 2.75 (0.69) 5. 08 (2.36) 1.08 (0.44) 1. 67 (1. 67) 

4C 1994 June 38. 00 (15. 88) o. 58 (0 .25) *** 86.00 (32.20) 1.33 (0.49) *** 48.25 (28.16) 7.67 (2.45) * 
4X 

Aug. 31.33 (19.74) 6.67 (1.89) 2.50 (0.67) 3.50 (1.00) 4.42 (1.32) 6.00(2.82) 

Sept. 46.58 (39.30) 1.29 (0.61) *** 6.08 (2.89) 1.25 (0.50) 3.83 (0.95) 2.25 (1.40) 

6C 1995 May 309. 08 (72 . .20) .2.83 (1.85) *** 175.17 (51.98) 5.58 (3.40) *** 3.26. 75 (162. 98) 257 • .21 (108.00) 

6X 
June 359. 17 (126 .. 29) 1.33 (0 •. 45) *** 65.08 (23.47) 46.00 (37.41) 9.00 (2.27) 8.58 (4.94) 

July 9.33 (5.54) 0.00 (0.00) 2.17 (1.42) l. 67 (1. 05) 8.08 (6.88) 0.58 (0.48) * 

Aug. 30.2. 83 (14 7. 35) 12.08 (6.81) * 172.25 (67.84) 31.33 (10. 06) 34.25 (13. 06) 4.08 (1.11) * 
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Appendix B-2. Mean distance (± standard error) from the egg catcher plate to the nearest 
fertile Fucus plant at all site pairs and all MVDs during summer months from 1991 to 1993. 
Significance (Sig) is indicated by asterisks: 1 asterisk~p<0.05; 2 asterisks=p<0.01; and 3 
asterisks=p<O.OOl. Distances are in centimeters. 

0.5 MVD 1.0 MVD 2.0 MVD 

Site 
Pair Year Month Control Oiled Sig Control Oiled Sig Control Oiled Sig 

1221C 1991 July 7.38 (0.90) 141.25 (50. 43) *** 35.00 (15.24) 74.25 (30.54) 24.50 (8.03) 35.00 (16.58) 

1221X 
1992 May 20. so (7. 711 49.50 (14.56) 21.50 (4. 72) 23.75(6.26) 21.25 (1. 97) 19.00 (2.94) 

June 21.75 (7.43) 47.00 (13.45) * 23.50 (4.25) 19.75 (2.69) 28. 25 (5. 66) 24.50 (7.90) 

July 18.75 (7.08) 57.25(19.09) * 23.75 (5.56) 19. 75 (3. 42) 30.50 (6.09) 54.50 (1 7. 59) 

1993 June 12.00 (0. 91) 23. 25 (17. 26) 27. 50 (4. 77) 18.25 (3.57) 21.75 (6.91) 30. 00 (11. 80) 

July 14.00 (2.48) 25.50 (16.66) 35.25 (11.36) 21.50 (4. 92) 58.50 (7.51) 76.00 (46.47) 

1994 May 9.25 (1. 76) 38.30 (9.30) ** 18.88 (~L 08) 9.88 (1.97) 20.13 (5.61) 9. 75 (3.13) 

Aug. 11.13 (3. 32) 51.88 (12.23) *** 33.25 (15.14) 9.25 (2.39) * 31.25 (11'.67) 10.13 (2.78) 

Sept. 11.63 (3.47) 53.00 (12.42) *** 33.38 (15.64) 19.00 (8.16) 38.25 (13.00) 10.63 (2.98) 

1995 May 22.25 (6.61) 19.00 (6.73) 10. 75 (0. 85) 15.00 (7.25) 15.75 (4.39) 25.25 (6. 61) 

June 22.00 (6.61) 12.ni (4.21) 10.50 (1.32) 15.25 (7.18) 14.00 (1.58) 31. 00 (5. 29) * 

July 23.75 (6.51) 17.50 (3.78) 11. 00 (1. 29) 35.50 (18.18) 27.50 (1.19) 43.00 (11.15) 

Aug. 23.00 (7.31) 16.50 (4.94) 9.75 (1.25) 36.50 (17.31) * 23.75 (2.10) 72.00 (6.36) ** 
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Appendix B-2. Cont. 

0.5 MVD 1. 0 MVD 2.0 MVD 

Site 
Pair Year Month Control Oiled Sig Control Oiled Sig Control Oiled Sig 

1222C 1991 July 13.50 (1.44) 308.75 (9EL19) *** 11.25 (3. 64) 203.50 (119.04) *** 9.50 (2.10) 219.25 (103. 63) *** 
1322X 

8.50 (2.33) 109.75 (34. 26) 1992 May ** 13.00 (2.27) 75.25 (44.88) * 32.00 (5.11) 31.75 (17.21) 

June 9.50 (1.32) 124.00 (46.14) *** 18.75 (3.47) 72.50 (48.07) 44.75 (6.54) 65.50 (23.56) 

July 8.50 (0.29) ll5. 00 (34 .22) *** 15. 75 (4. 97) 64.25 (33.89) * 44.00 (7.27) 38.75 (10.62i 

1993 June a. 38 (3. 87) 24 . 25 (6 • 24) 17.50 (5.14) 11. 50 (2. 53) 43.00 (13.82) 11.00 (2.74) * 

July 26.50 (8.91) 30.75 (11.50) 49.25 (8.29) 11.00 (2.08) *** 120. 25 (22. 66) 31.00 (20.13) *** 

1994 May 11.00 (3.16) 29.50 (4.87) * 11.75 (4. 97) 8.25 (2.50) 26.63 (1.28) 7.75(4.34) ** 

Aug. 11.00 (3.16) 29.50 (4.87) * 20.00 (9.12) 10.63(4.53) 30. 88 cs. 14l 15.63 (8.25) 

Sept. 14.63 (5.38) 30.75 (5.31) 20.38 (9.42) 9.50 (2.94) 29. 75 (7. 00) 41.88 (15.48) 

1995 May 12.00 (2.35) 19.25 (7.38) B. 50 '<2. 40) 15. 25 (3. 59) 11.00 (3.94) 14.00 (4. 26) 

June 12.oo (2.35) 25.00 (7.20) B. 75 (2.43) 15. 75 (3. 77) 19.75 (3.68) 8.50 (2.78) 

July 20. 50 (3. 30) 30.50 (6.85) 16.50 (1.44) 25. 75 (4. 05) 43.00 (4.88) 35.75 (8.89) 

Aug. 17.00 (4.30) 29.00 (7.08·) 13.00 (0.71) 23.25 (2.43) 67.50 (16.49) 38.50 (4.57) 
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Appendix B-2. Cont. 

0.5 MVD 1. 0 MVD 2.0 MVD 

Site 
Pair Year Month Control Oiled Sig Control Oiled Sig Control Oiled Sig 

1231C 1991 July '25.75 (10.77) 216.50 (58.47) *** 67. DO (41. 01) 149.75 (51.79) 73. DO (18. 66) 167.50 (54. 52) 

1231X 

1312C 1992 May 8.13 (l. 74) 108.50 (41.21) ** 14. 75 (3. 82) 74.25 (47.52) * 40.38 (Ei.79) 37.75 (2.59) 

1312X 
June 9. 00 (l. 73) 68. 00 (8. 09) *** 15. 75 (3. 50) 44. 00 (1 7. 29) so. 00 (3.14) 35.25 (3.57) 

July 10.25 (1.25) 105.50 (35. 97) *** 13.50 (3.88) 68.25 (29.48) ** 36.00 (6.75) 55, DO (6. 36) 

1732C 1993 June 7.50 (2.06) 45.75 (6.86) *** 13.25 (0.25) 16.50 (1.85) 36.50 (16.46) B. 75 (3.47) * 
1732X 

July 9.25 (1.97) 52.50 (20.53) * 13.00 (0.58) 33.25 (4.50) *** 43.25 (16.90) 23.00 (13.98) 

3C 1994 Aug. 16.38 (1. 70) 16.75 (3.22) 30,38 (8.22) 8. 63 (1. 93) 13.63 (2.25) 27. 00 (3. 76) * 
3X 

Sept. 16.50 (l. 77) 17.13 (4.05) 28.25 (10. 05) 15.38 (5.48) 19.38 (3. 65) 27.00 (10.41) 

5C 1995 May 11.00 (3. 34) 42.00 (5.58) *** 33. 00 (15 .12) 13. 00 (4. 02) * 28.00 (9.26) 10.00 (3.03) * 
5X 

June 10.00 (3.39) 46.25 (10.06) *** 36.50 (17.45) 12.00 (2.97) * 25.75 (10.26) 9.75 (2.56) * 

July 12.25 (5. 76) 49.75 (10.08) *** 40.50 (13.38) 15.50 (4.41) 31.00 (8.44) 19.50 (5.55) 

Aug. 12.75 (5. 44) 58.75 (10.91) ??? 39.75 (12.64) 22.25 (5.47) 39.00 (12.06) 19.50 (7.35) 
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Appendix B-2. Cont. 

0.5 MVD 1.0 MVD 2.0 MVD 
Site 
Pair Year Month Control Oiled Sig Control Oiled Sig Control Oiled Sig 
1723C 1991 July 27.75 (6.34) 204.75 (13. 77) ***' 20.50 (9.85) 88.50 (26.33) 59.50 (15.24) 118.75 (15. 96) 1723X 

1411C 1992 May 25.50 (6.95) 131.50 (19.89) ** 16.25 (3.33) 66.50 (15.63) * 29.50 (12.18) 34.00 (9.41) 1311X 
June 31.25 (7. 33) 117.50 (25. 07) ** 16.75 (2.50) 65.75 (16.46) * 45.25 (10.96) 49.50 (16.80) 

July 27.00 (7. 29) 142.00 (25. 73) *** 17.25 (2.29) 71. 00 (21. 95) * 60.00 (9.50) 57.00 (19.82) 
1713C 1993 June 23.50 (10.88) 37.00 (10.64) 15.00 (3.54) 13.25 (1.70) 18. 75 (2. 66) 20. 75 (3. 64) 1713X 

14.75 (3. 77) July 28.50 (12.91) 42.75 (6. 98) 13.25 (3.15) 46.00 (18.55) 27.00 (6.77) 
4C 1994 Aug. 11. 00 (2. 88) 21.13 (B. 60) 19.38 (6.23) 25.00 (6.44) 19.38 (3.72)' 25.38 (2.19) 4X 

29.75 (6.65) Sept. 14.75 (3.72) 22.13 (8. 79) 31.63 (9. 33) 
35. 63 (10. 79) 32.25 (3.54) 

6C 1995 May 13.25 (3.50) 22.50 (6.24) 12.00 (4.56) 6.75'(2.43) 23.00 (2.38) 8. 00 (4. 71) 6X 
June 12.25 (2.81) 26.25 (6.93) 19. 75 (7. 76) 7.00 (3.03) 25.50 (1.44) 9.50 (5.85) * 
July 17.25 (1.80) 66.00 (16.97) *** 22.00 (8.73) 12.75 (4.46) 26.75 (0.75) 35.50 (11.75) 

Aug. 15.75 (3.90) 23.25 (7.98) ??? 19.25 (7.50) 10.75 (3.95) 27.25 (1. 60) 40.25 (7.87) 
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