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Gent | enmen:
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An Ecol ogi cal Assessnent
of the Littoral Zone Al ong
the Quter Coast of the
Kenai Peninsula for

State of Al aska,

Departnent of Fish & Gane

W subnit herewith the final progress report and final discussion
for the littoral and sublittoral studies on the outer Kenai Peninsula. This
report contains the qualitative and quantitative descriptions of the biota
obt ai ned during the summer surveys conducted in July and August 1976.

A mgjor conclusion of the study is that the intertidal and subtidal
bi oti c assemblages are rich, pristine and productive. Primary productivity
is high on both rocky and soft substrates and macrophytes apparently contri-
bute sizable quantities of plant material to offshore systems. The tine of
maximum contribution (Fall) and the probable stability of the material at |ow
tenperatures combine to support a hypothesis that these plant materials are
very inportant food sources to offshore and nearshore benthic assenbl ages
during the winter, when phytoplankton production is |ow

Assuming that a major crude oil spill is the nmain threat arising
fromoil developrment in this area, the greatest danger woul d probably be to
sal mon stocks, sea otters and marine birds. An inportant consequence of
disturbing sea otter and marine bird populations would be to reduce preda-
tion pressures on several major herbivore species (sea urchins, |inpets
and chitons) . This could result in serious problems in the macrophyte
assenbl ages. The nost serious long-termeffects of a major oiling would
probably occur in the |agoons and estuaries, however. Heavy o0il contamination
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in these areas could reduce natural salmon stocks in affected watersheds

and seriously reduce plant production and the contribution of plant naterials
to offshore assemblages. On the other hand, rocky plant assenbl ages are
probably fairly resistant to the effects of mmjor contamination by crude oil

Participation in this study has been a pleasure. Your assistance
and cooperation have been appreciated. |f you have any questions, please
contact us at the Homer (235-8494) or Anchorage (279-0673) office

Very truly yours,

DAMES & MOORE
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Richard C. M| ler
Associ at e
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I. TASK OBJECTIVES

The nmain objective of this study is to assess sonme of the marine

plant and animal communities in intertidal and adjacent shallow subtidal
areas along the southern, or outer, Kenai Peninsula. This is to be accom

plished by:

L. CGathering baseline information on species conposition
and relationships within supporting “characteristic”

biotic assenbl ages;
2. recording seasonal changes within the habitats; and

3. collecting information leading to an understanding of
the ecological functions within these assenbl ages
including data on population structure, food web
rel ationships, and factors influencing distribution

and abundance.

The objective of this study was to collect data on distribution

size structure and bionmass of the doninant organisns at each site and to

assess the condition of the assenblages during the early spring

Ir. FIELD

Field Trip Schedul e

The surveys described herein were conducted from 30 June to 10
July and 30 and 31 august 1976. The M.V. Humdinger, chartered out Of Cordova,
was used to transport personnel and equiprment to and fromthe stations. It
al so served as a bhase of operations while in the field

DAMES & MOGORKE



Scientific Party

The scientific party included:

1. Denni s Bishop, Dames & Moore, field assistant;
2. Dennis C. Lees, Danmes & Moore, staff biologist;
3. Richard J. Rosenthal, Danes & Moore, staff biologist; and

4, Thomas M Rosent hal, £ield assi stant.

Met hods

The node of operation in the field was to conbine qualitative and
quantitative techniques in such a manner as to obtain a general description
of the conposition of the assenblages exami ned, the functional relationships
characteristic of the sites surveyed, and the size structures, densities
and biomasses of the organisns characterizing the various assemblages. This
i nvol ved 1) taking random “nature walks” through the habitats, 2) examning
large quadrats (25 mby 0.5, 1 or 2 m) for density estimtes of macro-al gae
and large invertebrates such as starfish or gastropod, 3) nedium quadrats
(0.25 sg.m.) for species conposition and relative cover estimates of smaller
al gae, encrusting and epifaunal forns, and 4) snall quadrats (1/16 sq.m.)
for density estimates and size distributions of dense organisns such as
mussel s and certai n macrophytes (e.g., eelgrass) . |n cases of extrene den~

sity, smaller quadrats or covers are used to collect nore practical sanples.

Laboratory analysis included neasuring the size, wet and dry
wei ght of certain organisns to pernmit exanmination of size and weight distri-
butions at the study sites and estimation of biomass of certain species.

Measurements used are described herein. Regression lines relating |inear

DAMES & MOORE



measurenents with whole, wet or dry tissue weights have been devel oped for
several organisms. Macrophytes were dried at 90°C for 24 hours to obtain
dry weights. Densities of Zostera were deternined by counting the turions
in haphazardly cast 1/16 n2 quadrats. Only turions rooted within the
quadrat were counted. Sanples used for length and weight neasurements
were collected by hand by divers. Turions were collected either by renov-
ing all turions within the quadrats sampled, or by clearing small areas

and placing all the turions in a bag. Length neasurenents were made from
the uppernost node to the tip of the |eaves. fTurion heights were designated
as the length of the longest leaf; turions were discarded if the tip of the
| ongest |eaf was broken off. Wet and dry weights were only neasured for
turions; roots and rhizonmes were renoved. Only turioms on which the

| ongest leaf was intact were utilized.

Densities of the blue mussel were estimated by counting the
nunber of individuals in core samples (0.0046 nf) or 1/16 n2 quadrat
sanples. Sampling size depended upon the general density level of the
srea. Shell length is defined as the distance between the interior and the
posterior margins, that is, the maximumlength of the shell. Dry weights
for mussels were obtained by drying 48 to 72 hours at eooc. For |arger
specimens, wet tissue weights were obtained by renoving the tissue fromthe
shell and weighing it. For smaller specinens, the shell and tissue were
dried and wei ghed, and then the neat was dissolved by cClorox and the enpty

shel | weighed; dry tissue weight was obtained by subtraction.

Sanple Localities

Specific habitats were examned at three locations on the outer

Kem Peninsula (Figure 1) during the summer of 1976. These are listed

bel ow: DAMES £ MOORE
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A Koyuktolik (Dogfish) Bay and Lagoon (Figure 2)

la. North side of Bay

Ib. South side of Bay

2a. Mussel bed on north side of entrance channel to
| agoon (outer lbed)

2. Missel bed or lbar separating entrance channel from
| agoon (inner lbed)

3. Rock pinnacle in outer [|agoon

4. Quter lagoon

5 Inner lagoon

B.  Chugach Bay (Figure 3)
a.  “Raft Cove
b. Shelf and | ope north of Raft Cove
c* Nort heast point of Raft Cove

d. West of Sea Ctter Point

c. Port Dick (Figure 4.)
a. Subtidal eelgrass bed
b. Intertidal nussel bed
C. Rockweed zone

d. Rock pinnacle (Dick's Head)

Data collection and Analysis

The data collected are presented as tables, figures and appendices
inthis report. Analysis and interpretation of data are included in final

di scussion section of this report.

DAMES EMOO0ORE
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Types of Sanpl es

Koyuktolik Bay - July

a. Qualitative diving observations from all sanpling sites.

b. 0.0046 m2 cores in nussel bed for estimating density,

size structure and biomass - 12.

C. 1/16 nfquadrats for relative cover and abundance data
for eelgrass fromthe transition zone and mid outer

| agoon - 38.

d. Turion | ength, wet weight and dry weight data for esti-
mating bionass and size structure of eelgrass from the

i nner |agoon, outer |agoon and transition zone - 210.

e. Food habit observations.

f. Rel ative cover of Fucus and Mytilus from 1/16 nfquadrats

in the inner, outer and seaward nussel beds - 384.

g. \Vertical series of 1/16 nfquadrats on rock pinnacle

in entrance channel - 11.

h. 1/16 nfquadrats for density of Katharina, Tonicella and

Evasterias on rock pinnacle in entrance channel - 22.

Koyuktolik Bay - August

a. Qualitative diving observations.

DAMES £ MOORE
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b. 1/16 n2 quadrats for density and bi omass estinmates of eel-
grass at the inner and outer edges of the eelgrass beds in

the outer lagoon - 27.

C. Turion height and dry weight data for eelgrass fromthe eel-

grass beds of the outer |agoon.

Chugach Bay - July

S. 1/4 nfgquadrats for estinmating abundance, density and

relative cover of nmacrophytes and macrofauna - 50.

b. 5 x 1 mtransects for Phaeophyta and grazers - 10.

C. 1/4 niquadrats for estimating abundance of echinoids - 36.

d. Qualitative diving observations fromall sanpling sites.

e. Food habit observations.

Port Dick - July

a. 1/4 m? quadrats for estimating abundance and relative

cover of macrophytes and macroinvertebrates - 80.

b. 1/4 m2 quadrats for estimating relative cover of nussels -

60.

c* Size frequency data for Littorina sitkana - 333.

d. 1/ 4 niquadrats for estimating abundance of |inpets - 12.
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e. Subtidal transects for estinmating the abundance of

asteri ods:
5x 1m-3
10 X 1m - 6
30X 1m=3
f. 30 mline intercept transects for estimating relative

coverage of macrophytes - 9; of echinoids - 5.
g. Qualitative diving observations fromall sanpling sites.

h. Food habit observations.

i Size, wet weight and dry weight of nussels for estimting

bi onass and size structure - 50.
j. 1/16 n2 quadrats for nussel size frequency data - 8.

k. 1/16 niquadrats for estimating biomass of macrophytes - 12.

Port Dick - August

a. 1/16 m? quadrats for estimting density of eelgrass.

b. Turion length and dry weights for estimating bionass

and size structure of eelgrass - 163.

[ntended Use for Size and Density Data

Several types of quantitative data may be col |l ected for sone

conspi cuous species apparently occupying inportant roles in the natural

DAMES & MOORE
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econony of each study site. These include relative abundance (density-
number of individuals per square neter) , and some neasurenents of |inear
size (length, width, aperture width, etc.) and weight (wet or 4dry weight of
soft tissue). These data will assist in describing variations in conditions
at the study sites and will pernit examnation of differences between them
Specifically, we want to be able to conpare popul ation structure among
different areas, or at the sane site under different conditions, and to
generate acconpanying biomass estinmates for selected species at the study
sites. These data will provide information on tenporal variations in

popul ation structure at specific sites and allow assessnment of the effects

of unnatural phenonena.

W enployed several statistical techniques in data analysis
Si ze-frequency data were conpared with the Kolmogorov-Smirnov two-sanple
test (Siegel, 1956). Mst of the biomss data was reconstructed by using
the size-weight regressions. This only produces first approximtions but
in view of the nature of the study and the poor understanding of the
qualitative features of the various systems, we deci ded that the major Por’
tion of our initial efforts would be nmore usefully spent in general endeavors
such as describing species conposition and the natural relationships (e.g.,

predator-prey and other trophic rel ationships).

Popul ation structure was examned using a series of equations
based on Brody-Bertalanffy growth curves (Ebert, 1973). This method,
especially applicable to survey work, uses easily gathered size to produce
useful first approximtions of growh and nortality rates, and al so generates

alife table. The parameters required for conputation are the nmeans of the
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size distributions from two large sanples (3oconmeasurenments; the means nust
closely estimate the parametric nmean for the sanpled population), tines of
sample collection relative to the tine of "recruitment" in the sampled popu-

lation, and maxinmum (asynptotic) size attained by the species at the collect-

ing site.

PAMES ¢ MOORE
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111, RESULTS

KOYUKTOLIK LAGOON

Description of the Areas Exani ned

In July, five types of habitats were exam ned at Koyuktolik Bay.
These included: (1) the sand bottom on the north side of the Bay, (2) the
intertidal portion of the entrance channel, (3) a rock pinnacle in the
entrance channel, (4) the outer |agoon and (5) the inner lagoon (Figure 2).
These habitats differ significantly in-hydrographical, geol ogical, and
bi ol ogi cal characteristics. The north side of the Bay is exposed to
moderate wave action, judging fromthe large ripplemarks in the well-sorted
sand substrate. The south side and |agoon areas, however, appear well
protected. Al though the outer portion of the entrance channel may be exposed
to considerable wave action from lower Cook Inlet, the |agoon areas are well
protected. The entrance channel is. swept four tines daily by strong tidal
currents. Ceologically, it appears that the lagoon was fornmed behind a
moraine left by the glacier that excavated the xoyuktolik Bay and canyon
conplex. The narrow entrance channel winds through the noraine, permtting
water movenent into and fromthe Bay. The area of the |agoon is approximtely

1,690,000 sq.m.

The substrate of the Bay, on its north side, was characterized
by clean, gray nedium sand with little shell debris. \Wve action had created
a microrelief of large ripple marks at a depth of 9.8 m (Appendix A-1). The
biota was domi nated by a maldanid polychaete (a deposit feeder), the clam

Tellina nuculoides (a suspension feeder), and a sand dol | ar Echinarachnius

parma (a suspension feeder). Mjor predators appeared to be sea ducks
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(probably scoters and common eiders), the olive shell (0livella baetica) and

the sunstar (Pyncopodia helianthoides; appendix A-l).

On the south side of the Bay, the substrate was predoninantly a
cobble/sand matrix overlain with a thin dusting of silt. A large quantity
of organic debris of terrestrial and marine origin was present (Appendix A-2)
Al though shell debris was commn, living clanms were not observed. The nost

conspi cuous al ga was el ephant ear kelp (Laminaria saccharin) , but it appeared

possibly inported from shallower water. The predoninant invertebrates were

a chiton (Tonicella lineata), a hermit crab (Pagurus ochotensis) and the sun-

star (Pycnopodia helianthoides).

The intertidal margins of the entrance channel to the |agoon was

strongly dom nated by two extensive beds of the blue nussel _(Mytilus edulis).

One bed was at the north side of the nouth and the other was on the gravel
bar separating the entrance channel from the outer |agoon. Each nussel bec
covered nearly four acres and conprised a considerable biomass of nussels.
Additionally, outside the mussel beds, dense patches of the periw nkle

(Littorina sitkana) were scattered throughout the intertidal zone in the

entrance channels (Appendix A-3).

The flora of the nussel beds was dom nated by rockweed (Fucus
distichus), but several other sPecies were conspi cuous- A large ribbon-

like kel p (Alaria fistulosa) was a conspi cuous dominant in the shallow

subtidal zone. Another common intertidal formwas the thin red alga
Porphyra sp., which appeared to be an important pioneer species. In the

i ce-scoured furrows, it alnost conpletely covered the exposed cobbles by
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md-July, whereas in My these same furrows had been conpletely devoid of

veget ati on.

A large rock outcrop is located where the entrance channel joins
the outer |agoon. The flora and fauna of this area is quite robust and
di verse (Appendix 2-4) . The sides of this pinnacle supported noderate

quantities of several large al gae such as_Fucus, Alaria sp. and Agarum

cribrosum. The boul ders around the pinnacle were heavily covered with a
three-|ayered algal assembl age. The upper |ayer was dominated by Laminaria
groenlandica and Alaria sp.; over nuch of the area, coverage by L.
groenlandica was conplete. Under the laminarian canopy, several foliocse

species of red algae were abundant, notably Rhodynenia palmata, Qpuntiella

californica and |ridaea lineare. ENcCrusting coralline algae forned a thin

veneer on the rocks under the overlying algal canopy.

Vertical zonation on the pinnacle is indicated in Table 1. Rock-
weed and barnacl es doninated the upper zone which is also occupied by
several subdonminant. These were mainly browsing molluses (Littorina

sitkana), sone |inpet species, a chiton (Katharina tunicata) and the bl ue

nmussel . Anot her chiton, Tonicella insignis, was common from nid-intertidal
into the subtidal zone, under the kelp canopy (Table 1; Appendix A-5).

The lower intertidal zone was |argely dominated by algae (Table 1). Katharina
was a donminant grazer in the md-intertidal zone, and probably has a consider-
able influence on algal cover and the floral conposition. Based on data

collected in that zone, the estimated density for Xatharina was about 44

individuals/m2 (Appendi x A-5).
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Table 1. Distribution of organisms observed in a vertical series of 1/16 nicuadrats
on a rock pinnacle in entrance channel to Koyuktolik Lagoon, 7,10 76.

Upper Intertidal CRDRAT Qe Low Intertid
Speci es 1 2 3 4 5 6 7 8 9 10

Fucus distichus (C) 100% 20% 0 5% 5% 100% 100% o 0 0
Balanus ? glandula (N) 0 5 46 0 0 0 0 0 0 0
Balanus ? glandula (O 0 0 0 0 40% 75% 75% 50% 0 0
Littorina sitkana (N 0 0 25 70 15 0 0 0 0 0
Acnaei dae, unid. (N) 0 0 0 6 5 0 0 0 0 0
Mytilus edulis (N) 0 0 0 20 0 0 0 0 0 0
Mytilus edulis (O 0 0 0 5% 20% 0 0 0 0 0
Katharina tunicata (N) 0 0 0 0 0 2 3 0 0 0
Elassochirus gilli (N) 0 0 0 0 0 1 1 0 0 0
Serpulidae, unid. (N) 0 0 0 0 0 0 0 Nurmerous O Nunerous
Encrusting bryozoan (N) 0 0 0 0 0 0 0 P 0 C
Alaria sp. (N 0 0 0 0 0 0 0 0 3 0
Alaria sp. (O 0 0 0 0 0 0 0 0 100% o
? Monostroma Sp. (C) 0 0 0 0 0 0 0 0 75%  50%
Encrusting coralline

alga (O 0 0 0 0 0 0 0 0 50%  25%
Pycnopodia

helianthoides (N) 0 0 0 0 0 0 0 0 1 0
Tonicella ? insignis (N) 0 0 0 0 0 0 0 0 0 €
Laminaria sp. 0 0 0 0 0 0 0 0 0 0

- Number

(¢) - Relative cover

Dom - Domi nant



Several nobile crustaceans were common on the sides of the

pinnacle. These included the hermt crab Elassochirus gilli and two

decorator crabs (Hyas lyratus and Oregonia gracilis).

The fauna on and under the boul ders surrounding the pinnacle

was dom nated by suspension feeders such as the hydroid Abietinaria turgida,

the sponge Halichondria panicea, the sea cucunber Cucumaria niniata and

the brittlestar ophiopholis aculeata. Two herbivores, Tonicella lineata

and strongylocentrotus drobachiensis were common. The starfish Pycnopodia

helianthoides and Evasterias troschelii were common. The discovery that

juvenile king crab {Paralithodes camtschatica) were conmon under rocks was

surprising in this estuarine habitat. Specimens with carapace w dths of
about 1 cm were observed under at least a third of the large boul ders over-

turned during examnation.

The outer |agoon was strongly doninated by macrophytes, mainly

eelgrass (Zastera marina}l, and the seaweeds, Laminaria ? saccharin, Alaria

sp., and Ahnfeltia plicata The quantity of marine vegetation in the outer

| agoon was very high. Mjor invertebrates included clams Mya spp., Saxidomus.

gigantea_and Tresus capax) and a crab (Telmessus cheiragonus; Appendi X A-6).

A total of 31 species was recorded in July.

The epibiota of the inner lagoon was generally representative of an

i npoverished area. only three species were recorded during a cursory exam na-

tion, but extended observations probably would not have increased the nunber of

macroscopi ¢ forms appreciably. Eelgrass was the dominant plant and the

deposit feedi ng polychaete, Abarenicola ? pacifica was a comon ani mal

(Appendi x a=7).
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Bi ol ogy of Eelgrass

The dominant primary producer in Xoyuktolik Lagoon was eel grass.
The bed was best developed in the outer lagoon. Overall vegetative cover
in the [agoon by eelgrass was not exami ned, but cover and density of turions
(bundl es of |eaves) were neasured in the transition zone between the inner
and outer lagoon, and toward the nmiddl e of the outer lagoon. Turion density
estimtes are based on replicate counts in 0.0625 nfquadrats. In July, the
density of eelgrass in the niddle of the |agoon averaged about 485 turions
per nR; relative cover averaged 81 percent (Appendix A-8). Plant height
ranged from 38 to 142 cm, and averaged 107.9 % 24.1 cm (Appendi x A9; Table
2) . The distribution of plant height was unimedal, the node being above the
mean. In August, the estimated density of eelgrass in the sanme general area
was about 612 turions/m2; relative cover was not measured (Appendix A-10) .
Pl ant height at that tine ranged from 31.5 to 248.0 cm, and averaged
160.0 + 46.3 cm (Appendi x A-n; Table 3); the distribution of plant height
was agai n unimedal, but rather flatter than in July: the node was again

somewhat above the nean.

In the transition zone (Figure 2), eelgrass and a mat-forming

red al ga Ahnfeltia plicata co-dominated. Large patches of eelgrass were

separated by wide channels of _ahnfeltia. In the area examned in July,
relative cover by Ahnfeltia was about 54 percent. Relative cover by eel-
grass was about 40 percent and the estimated overall density was 182
turions/ nf(Appendix A-8). Density within the eelgrass bed was about 456
turions/m2. Plant height ranged from 28-173 cm and averaged 95.5 *+ 30.6 cm
(Appendi x A-12; Table 2). The distribution of plant height was basically

bimodal in this location with the major node located slightly above the
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Table 2 . Turion height-frequency distributions of eelgrass (Zostera marina)
i N Koyuktolik Lagoon, 7/9/76-

Transition Zone M ddl e of
Turion Fg;ght I nner Lagoon Inner & Quter Lagoon Outer Lagoon
(cm L Frequency % Freguency % Frequency %
20.0-29.9 1 2 1 1.6 0 0
30.0-39.9 10 20 0 0 1 1
40-0.49.9 8 16 6 10.0 2 2
50.0-59.9 1 2 2 3.3 3 3
60.0-69.9 4 8 5 8.3 2 2
70.0-79.9 4 8 2 3.3 3 3
80.0-89.9 5 10 6 10.0 10 10
90.0-99.9 4 8 9 15.0 10 10
100. 0-109. 9 6 12 11 18.3 12 12
110.0-119.9 2 4 6 10.0 15 15
120.0-129.9 2 4 3 5.0 27 27
130.0-139.9 3 6 4 6.7 13 13
140. 0-149. 9 0 0 3 5.0 2 2
150. 0-159. 9 0 0 0 0 0 0
160. 0-169. 9 0 0 0 0 0 0
170.0-179.9 0 0 1 1.6 0 0
n Y, 50 60 100
x (cm);y 73.0 95*5 107 .9
s (am)= 33.2 30.0 24.1
;/Length of longest |eaf from upper node.
' Based on unclassed data in Appendi ces A-9, A-12 and A-14.
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mean. In August the estinmated density of eelgrass Within the bed in the

same general area was 440 turions/m2, Plant height ranged from 28.5-217.0
cm and averaged 130.5 % 53.2 cm (Appendi x A-13; Table 3). The distribution
of plant height was irregularly bimodal With the nmajor mode somewhat higher

than the nean.

In the inner lagoon (Figure 2), although poorly devel oped and
sparsely distributed, eelgrass was the dom nant plant cover. Relative cover
was probably less than 5 percent over the entire area, and density was
estimated at | ess than 50 turions/m2. Plant height ranged from 27.5-136.0 cm
and averaged 7.30 + 33.2 cm (Appendix A-14; Table 2). The distribution of
pl ant hei ght was basically bimodal wWith the nmajor node | ocated somewhat

bel ow the mean. This area was not sanpled in August.

Sampl es were collected for estimation of wet and dry weight
of the standing stocks of eelgrass in July and August. The relationships
bet ween turion hei ght and wet weight are shown for three locations in the
| agoon in Figure 5: the basic data are included in Appendices A-12, A-14
and A-15. The relationships between turion height and dry weight for
sanples fromthe transition zone are shown in Figure 6 and the basic data

are included in Appendices A-15 and A-16.

The turion height-wet weight regressions are fairly sinilar for
all three beds sanpled in July (Figure 5). However, it appears that the
plants in the outer |agoon have a tendency to be lighter than plants of

the same size fromthe inner beds. This is possible because the sonmewhat

[ower turion densities and relative cover within the beds of the transition
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Table 3 . Turion height frequency distributions for eelgrass (zostera marina
i N Koyuktolik Lagoon, 8/30/76.

Transition Zone Between M ddl e of
'runon Hen/ght Inner & Quter Lagoon Quter Lagoon
Freguency % Frequency % Tot al Per cent
20.0-29.9 1 1.5 0 0.0 1 0.6
30.0-39.9 2 3.0 2 2.0 4 2.4
40.0-49.9 2 3.0 0 0.0 2 1.2
50.0-59.9 2 3.0 0 0.0 2 1.2
60.0-69.9 2 3.0 1 1.0 3 1.8
70.0-79.9 6 9*0 2 2.0 8 4.8
80.0-89.9 5 7.5 1 1.0 6 3.6
90.0-99.0 3 4.5 4 4.0 7 4.2
100.0-109.9 5 7.5 4 4.0 9 5.4
110.0-119.9 2 3.0 7 7.1 9 5.4
120.0-129.9 1 1.5 7 7.1 8 4.8
130.0-139.9 5 7.5 3 3.0 8 4.8
140.0-149.9 1 1.5 7 7.1 8 4.8
150. 0-159. 9 6 9.0 6 6.1 12 7.2
160. 0-169. 9 3 4.5 9 9.1 12 7.2
170.0-179.9 5 7.5 7 7.1 12 7.2
180.0-189.9 7 10. 4 10 10.1 17 10.2
190. 0-199.9 2 3.0 9 9.1 11 6.6
200. 0-209.9 4 6.4 7 7.1 11 6.6
210. 0-219-9 3 4.5 6 6.1 9 5.4
220.0-229.9 0 0.0 2 2.0 2 1.2
230.0-239.9 0 0.0 4 4.0 4 2.4
240.0-249.9 0 0.0 1 1.0 1 0.6
n 67 99 166
X (cm)-z-/ 130.5 160.0 148.1
s (cm)~ 53.2 46. 3 49.0

1/
=/Length of |ongest |eaf from upper node.
2/Based on unclassed data in Appendi ces A-n and A-13.
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zone permt the plants to become nore robust. However, it may also be a

consequence of experimental error.

I'n August while examining the sanples fromthe eelgrass meadows
i n Koyuktolik Lagoon, it seened that the physical appearance of the plants
was poorer than those observed in July. The plants were also somewhat poorer
t han those observed at Port Dick the next day. The characteristics of the
plants that led to the initial subjective opinion were the nunmber of
frayed and broken |eaves and the anount of deterioration and apparently
dead tissue on the leaves. The first part of this hypothesis is supported
by the data presented in Figure 6. A conparison of the regressions for
turion height and dry wei ght suggests that, although average |ength was
considerably | ower in August (Tables 2 and 3), turions of equal size were
considerably heavier in July (Figure 6). For exanple, the estimated dry
wei ght of 140 cmlong turien in July was 0.92 gm, but in August it had
decreased to 0.45 gm Furthernore, a conparison of the turion height-
dry weight relationships for eelgrass fromPort Dick and Koyuktolik Lagoon
produced the same conclusion, namely plants of equal length were lighter
at Koyuktolik {Figure 7). In fact, the details are quite sinmlar; the
estimated dry weight of a 140 cmlong turion at Port Dick in August is
about 0. 88 gm, only slightly less than in the transition zone at Koyuktolik
in July. These factors, in addition to a large quantity of |oose and
drifting |leaves, made it appear that the eel grass beds in Koyuktolik
Lagoon had already peaked by late August. No flowering plants were observed

during either survey.

To estimate bionmmss, the size distribution for each area was

utilized to divide the nunber of turions per m2 into size classes; then
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t he number of individuals in each class was multiplied by the estimated
weight of a turion of the average size for that class. The component

wei ghts were summed for the estimted biomass/m2. These data are presented

in Table 4.

Standi ng stocks of eelgrass are considerably lower in the inner
| agoon than el sewhere {Table 4 . In July the biomass of the beds of the
outer lagoon and the transition zone were at least ten times greater than
the biomass of the bed in the inner lagoon. Estimated wet weight at the

outer areas averaged about 2,800 gm per nf.

Because of the paucity of data, the main value of these data is
that they provide general estimates of standing stocks of eelgrass and its
distribution in the lagoon. It cannot be determined if the increase in
density and bionass indicated for the middle of the outer lagoon are real
or are due to sanpling variation. Clearly, however, the outer |agoon sup-
ports a considerable standing crop. The poor condition of the plants and
the large quantity of drifting eelgrass observed in August indicate that

mexi mum val ues were not obtai ned.

Biology of the Missel Beds

Beds of the blue nussel Mytilus edulis are an inportant and

conspicuous feature in the ecology of the entrance channel and nearby
| agoon system. These beds cover, in varying densities, at least 7.5 acres
of the intertidal. Aall of the nussel beds exam ned here have been forned
on a gravel/cobble substrate. Wth maturity, these beds incorporate a

sizabl e quantity of cobble, gravel, sand and silt into the matrix formed py
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Table 4.  pseimates of Size and weight distributions, density and bi0masS ef eelgrass beds in koyuktorix Lagoon

in sumer 197
719176 8/30/ 76
I'nner  Lagoon Transition Zone outer tageon Transition Zone Quter Tagoon
Turien Hei ght Approx. %F%Ftsgﬂe Appr ox. Vet Appr ox. Viét Appr ox. Dry Appr ox. pry
(cn Frequency Veight (gin)  erequency Tissue Freguency  TisSue Frequemcy Tissue Frequency Tissu
20.0- 29.9 1 1.8 8 8.3 0 o 7 0.7 0 0
30.0- 39.9 10 21.0 0 0 5 6.2 12 1.6 12 L5
40.0- 49.9 8 20.1 46 71.5 9 15.1 13 1.8 0 0
50.0- 59.9 | 3.0 16 32.2 14 21.4 13 2.0 0 0
60.0- 69.9 4 14.3 39 100.5 9 2.1 13 2.3 6 11
70.0- 79.9 4 17.1 16 50.1 14 40.1 39 7.8 12 2.5
80.0- 89.9 s 258.5 46 187.7 49 161.s 33 7.4 6 1.4
90.0- 99.9 4 24.4 68 3L 1 49 195.9 20 5.0 25 6.3
100.0-109.9 6 43.7 % 535.3 58 284.5 3 9.5 25 7.1
110.0-119.9 2 17.4 46 364. 2 73 430. 6 13 4.3 43 14.1
3.20 .0-129.9 2 20.8 24 221.2 132 938.2 7 2.4 43 16.0
130.0-139.9 3 37.2 30 377.8 64 546.9 33 13.7 20 7.8
140.9-149.9 0 0 2 353.5 9 101.9 7 3.1 43 20.5
150.0-159.9 0 0 0 0 0 0 39 21.1 37 19.9
160.0-169. 9 0 0 0 0 0 0 20 12.0 56 33.8
170.0-179.9 0 0 8 228.7 0 0 33 22.6 43 29.8
160.0-189.9 0 0 0 0 0 0 46 35.8 62 48.2
190.0-199.9 0 0 0 0 0 0 L3 11.6 56 49.1
200. 0-209.9 0 0 0 0 0 0 26 26.3 43 43.2
210.0-219.9 0 0 0 0 0 0 20 22.3 37 42.0
220.0-229.9 0 0 0 0 0 0 0 0 12 15.8
230.0 -239.9 0 0 0 0 0 0 0 0 25 35.9
240.0-249.9 0 o 0 0 0 0 0 0 6 10.2
e <so 456 485 440 612
Estti mated Biomass 2% 2/ )
& e A Uy e o iy W

Yearculated USiNg the regression equation devel oped fromthedaaf Or the transition zone eelgrass bed, which may

CausSe aNn overestimate of biomass.

Ypased on an AVErage Wet weightzdry Weight ratio of 10:1.
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the shells and byssus masses.  Thickness of this mat ranged from abQut 1 cm
near the upper edge of the beds to about 20 cmin sone |ocations near the
low tide mark. all beds exanined have been |ocated in areas subjected to
fast tidal currents. The upper and |ower margins are rather sharply defined.
Connell (1961) pointed out that nany intertidal organisns are linited by
physical factors at their upper limts, and by biotic factors on their |ower
linits .  The factors inposing upper limts for mussels in these beds are
probably harsh tenperatures, desiccation and linited feeding tine. In sone
| ocations, the lower linits are probably inposed by the predatory activities

of the slender starfish Evasterias troschelii, but overall, the rather sharp

demarcation at the lower limt is unexplained at present. Cher predators
i ncl ude gl aucous-wi nged gulls, northwestern crows, sea ducks, and sea otters.
To date, we have seen no evidence of other species conpeting strongly with

mussel s for food or space.

As indicated above, the mpjority of the nussels are concentrated
into two beds. Wthin these beds, nean shell length seens |argest near
the I ower edge of the bed and smaller at the top; densities are greater
toward the nmiddle of the bed and lowest near the |ower edge; this nunerical

difference is probably a function of crowding and size.

Missel s and rockweed were the dominant organisns in both the

outer and inner nussel beds. Relative cover by nussels in the outer bed

averaged 80 percent (Table 5)- Rockweed (Fucus gistichus) averaged |ess

than 2 percent (Appendix A-17}, and was generally common only aleng the

| oner edge of the bed near MLIW. Missel density and size structure varied

DAMES £ MOORE
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Table 5. summary of relative cover data for the blue nussel _(Mytilus edulis)
in mussel beds in the entrance to the |agoon, xoyuktolik Bay, 7/10/76.

Per cent Outer | nner
Cover * Bed Bed
0 0 15
1 0 1
5 1 4
10 2 4
15 3 1
20 1 3
25 4 4
30 3 1
35 2 1
40 9 7
45 3 6
50 8 11
55 1 9
60 5 18
65 5 11
70 11 14
75 14 17
80 11 13
85 13 8
20 24 10
95 25 9
97 3 0
9a 10 0
99 4 0
100 47 10
Nurmber of quadrats 209 177
Mean cover (X ¢ s): 79.6 £ 23.9 58.9 £ 29.2

.In 1/ 16 p2 quadrats
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considerably with position within the bed. Near the channel (about 150 m
fromthe upper edge of the bed), nussel density approached 13,000/m%, but 80 m
fromthe upper edge, density was about 9,000/m2 (Appendix A-18). Size
structures at these two levels were statistically simlar. Average shell

| engths were 25.5 £ 8.8 nmand 23.8 ¢ 7.4 m, respectively, for the channel

and the 80 m areas (Appendi x A-18; Table 6). The size structures were basi-
cally unimedal; the nodes were located very close to the neans (Table 6).
Unfortunately, sanples for the upper levels of the bed were 1ost, but field
observations indicated that the patterns were still sinilar to those re-

ported previously. Generally, the density was very high but average shell

| ength was small.

Rel ative coverage of substrate by nussels averaged about 60 per-
cent (Table 5), and Fucus averaged about 1l percent in the inner bed
(Appendix A-19). The nussels were nost dense in a 20 m w de band extending
along the channel for approximately 200 m Fucus was nost abundant al ong
the entrance channel, but was al so abundant around several poels and drain-
age channels located within the bed. Missel density and size structure varied
considerably with position within the bed. At the southwestern corner of the
bed, near the confluence of the entrance channel and a noderate sized
feeder channel, densities were high, ranging from 18,000 to 22,000/m2.

Moving north along the main channel, densities declined to about 12,500

at 30 m and 7,000 at 75 m (appendix A-20). Average shell length generally
increased in the same direction, ranging from 16.7 nm at the southwest tip
of the bed to 26.2 mm 75 mnorth of that point (Appendix A-20; Table 7).
Size generally appeared to decrease with increased distance from the channel
(or increased tidal elevation). The size structures were basically unimodal

in all sanples except from 75 mnorth of the southwest tip; the nodes were all

DAMES £ MOORE



Table 6 . Size distributions for blue nussels (Mytilus edulis) from outer
bed on entrance channel to |agoon, Xoyuktolik Bay, //10/76.

150 m from Upper Edge

Shel | Length 10 m from Lower Edge 80 m from Upper Edge
Freguency % Frequency %
1-4 1 0.9 0 0.0
5-8 4 3.4 1 1.2
9-12 2 1.7 4 4.8
13-16 9 7.6 11 13.1
17-20 20 17.0 12 14.3
21-24 15 12.7 14 16.7
25-28 23 19.5 18 21. 4
29- 32 20 17.0 16 19.1
33-36 12 10.2 5 6.0
37-40 7 5.9 3 3.6
41-44 4 3.4 0 0.0
45-48 0 0.0 0 0.0
49-52 1 0.9 0 0.0
118 84
+ s* 25.5 23.8

o

* Based on unclassed data in Appendix A-18.
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Table 7. Size distributions for blue nussels {Mytilus edulis) from inner bed on
entrance channel to |agoon, xoyuktolik Bay, 7/10/76.

Shel | 5 mfrom 10 mfrom 30 mfrom 75 mfrom
Lengt h South End South End South End South End
(m Frequency & Frequency % Freguency %  Frequency %
1-4 0 0.0 0 0.0 0 0.0 0 0.0
5-8 18 11.0 6 3.0 5 4.3 0 0.0
9-12 38 23.2 32 15.8 24 20.5 10 15.2
13-16 46 28.1 58 28.7 31 26.5 7 10. 6
17-20 23 14.0 44 21.8 16 13.7 6 9.1
21-24 17 10.4 17 8.4 12 10. 3 7 10. 6
25-28 6 3.7 10 5.0 6 5.1 11 16.7
29- 32 4 2.4 9 4.5 7 6.0 7 10.6
33-36 6 3.7 7 3.5 6 5.1 2 3.0
37-40 3 1.8 9 4.5 5 4.3 7 10.6
41-44 1 0.6 4 2.0 4 3.4 4 6..
45- 48 2 1.2 4 2.0 1 0.9 4 6.1
49-52 0 0.0 1 0.5 0 0.0 1 1.5
n 164 202 117 66
X t s* 16.7 £ 8.1 mm 19.7 £+ 9.6 mn 19.6 1 9.6 mMm 26.2 £ 11.6

.Based on unclassed data in Appendi X
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fairly close to the means. The size distribution of the 75 m sample was
somewhat bimedal but, because of the small sanple size, the pattern is

suspect .

Estimates of mussel biomass were devel oped for all sanpling areas.
These were generated utilizing the site specific density and size data and
a shell | ength-wet weight regression equation for nmussels from Port Dick in
the same tine period. Conparison of regression data collected from both
Koyuktolik Bay and Port Dick in My indicated a close sinilarity and was

considered as justification for this application (Dames & More, 1976).

The biomass of wet tissue in the outer bed was highest along the
channel, where the estimte exceeded 9 kg/m2. Although the size structure
at the 80 mlevel was very simlar, the lower density resulted in a bionass
of only 5.5 kg/m? (Table 8). Biomass was generally higher in the inner
bed, ranging from6.6 to 11.5 kg/m¢ (Table 9). The average biomass for
both beds” was about 7.7 kg/m2. The overall biomass of the two nussel beds,
adjusting for relative cover in both beds, is therefore estimated in the

vicinity of 165,000 kg (about 165 netric tons).

Several feeding observations were nade in the Bay, the mussel beds
and the |agoon (Appendix A-21) . Several species of birds were inportant
predators on pelecypods. Evidence of sea otter predation was also conmmon

in the lagoon.

DAMES € MOORE
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Table 8. Estimates of size and weight distributions, density and biomss of
bl ue nussel (Mytilus_edulis) for outer nussel bed, Koyuktolik Bay,

7/ 10/ 76.
80 m from upper edge 150 m from upper edge
Esti mat ed Esti mat ed

Shel | Appr oxi mat e Wt Ti ssue Appr oxi mat e Wt Tissue

Lengt h (mm) Freqguency i ght  (gm) Frequency Vi ght (gin)
1- 4 0 0 109 12.2
5- 8 109 16. 2 434 65.0
9-12 435 86. 8 217 43.4
13-16 1196 319.0 979 261.1
17- 20 1304 465. 2 2175 775.6
21-24 1522 725.4 1631 777.5
25- 28 1956 1246. 6 2501 1593. 4
29- 32 1739 1481. 0 2175 1851.9
33-36 543 618.6 1305 1485. 2
37-40 326 496. 1 761 1158.0
41-44 0 0 434 884. 4
45- 48 .0 0 0 0
49- 52 0 0 109 395.0

"Approx. No.
per m2 9130 12830

Esti mated Bio-
Mass .
(gm wet weight/m2) 5455 9303



Table 9. Estimates of size and weight distributions, density and biomass of blue nussels (Mytilus edulis) for
i nner nussel bed, Koyuktolik Bay, 7/10/76

5 mfrom 10 m from 30 mfrom 75 mfrom
South End Sout h End South End South End
Shell Length et et Wet et
{mm) Frequency Tissue W. Frequency Tissue W. Frequency Tissue W. Frequency Tissue W.
1- 4 0 0 0 0 0 0 0 0
5 -8 2002 292.2 655 156.1 543 81.2 0 0
9-12 3789 737.8 3496 694. 4 2609 520. 8 1079 217.0
13 - 16 5124 1334.2 6336 1682. 3 3370 800.1 755 203.0
17 - 20 2463 891.6 4807 1705. 8 1739 620. 3 647 232.6
21 - 24 1895 880.9 1857 880.9 1304 621.8 755 362.7
25 - 28 669 415.5 1092 692. 6 652 415.5 1188 761.8
29 - 32 446 370. 3 983 833.1 761 648.0 755 648. 0
33 - 36 669 642. 4 765 866. 1 652 742.3 269 247.5
37 - 40 334 496. 1 982 1488. 4 543 826. 8 755 1157. 6
41 - 44 112 221.0 437 884. 2 435 884.1 432 884. 2
45 - 48 223 590. 9 437 1181.8 109 295.4 431 1181.8
49 - 52 0 0 110 394.9 0 0 108 394.9
Approx. NoO.
per nf 17, 826 21,957 12, 717 7,174

Esti mated Bi onmss:
(gmhet Tissue wt./m2) 6,972.9 11, 460. 6 6, 555. 3 6,711.1

-Qf -
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CHUGACH BAY

Five general |ocations were exanmined near the southern shoreline of
Chugach Bay. The principal substrate in the sublittoral zone was bedrock
with scattered boul ders and patches of coarse sand. Depths surveyed ranged
from 7.5-21 m The general locations indicated in Figure 3 are 1) inside Raft
Cove (9.1-10.7 m, 2) north of Raft cove (7.5-16 nm), 3) near the northeast
point of Raft Cove (8-11.5 n), 4) south of the southeast point of Chugach

Bay (12-12.5 nm) and 5) east of that point (21 m.

In all locations, the bottomwas visually dom nated by kelp
species. However, the species conposition, density and relative cover,

varied narkedly with location and depth. [Inside Raft Cove, bull kelp

(Nereocystis luetkeana) and el ephant ear kelp (Laminaria groenlandica) were

dominants (Table 10). Ribbon kelp (Alaria sp.) and Cymathere triplicate

were conmon and only observed at this site. Juvenile kel ps were abundant
(Appendix B-1). North of Raft Cove, on a rock shelf and sl ope, _Pleurophycus

gardneri and el ephant ear dominated (Tabie 11). Sieve kel p (Agarum cribrosum)

became inportant at the deeper |ocations (Appendix B-2). Of the northeast
point of Raft Cove, and south and east of the southeast point of Chugach Bay,

el ephant ear and sieve kelp dominated (Table 12, Appendices B-3 through B-10)

Algal density and relative cover were generally higher at the
shal | ower stations (Table 13, Appendix B-10) , but this pattern was not clear-

cut throughout the area. In general, Lamnaria, Nereocystis, Pleurophycus

and Alaria were npst abundant between the intertidal zone and 10 m depths.
Agarum i s nost abundant between 10 mand 25 m  However, this varied greatly
with nicrohabitat differences, turbulence and water clarity being particularly

i nportant factors.

DAMESE MOORE
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Table 10 . Average density of principal macrophyte species in
Raft Cove, Chugach Bay, 7/6/76.

No. of plants per ni

Depth (m 9.1 10.7
SPECI ES

Agarum cribrosum 0 0

aAlaria sp. 0 5.6

Cymathere triplicate 6.7 4.8

Laminaria ? groenlandica 5.3 32.8

Nereocystis | uet keana 14.7 9.6
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Table 11 . Average density and relative cover of principal macrophytes on the shelf
and slope north of Raft Cove, 7/6 and 7/8/76.

Depth (m)

SPECI ES

Agar um cribrosum

Const anti nea_sp.
Encrusting coralline al ga

laminaria ? groenlandica

L. yezoensis

Opuntiella californica

Pleurophycus qgardneri

Rhodymenia pertusae

No. of plants per nfor relative cover (%

7.5 10. 5- 12- 15
9 9 1.5 12 135 165 16
0 0 34 40 67 32 146

- 0.3% 2. 3% 0

58. 3% 78. 3% 16%

202 52 3.4 53 0 16 16.9
0 0 0.6 0 0 0 0

0. 7% 9. 7% 0

20.0 10. 8 5.7 6.7 4.0 4.0 0.8
38.3% 48. 3% 17. 1% 45%  26.7% 11%

0 6. 7% 2%

* A dash (-) indicates that sanpling nethod excluded that species in the respective

sanpl e.
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Table 12 . Average density and relative cover of principal macrophytes of
the northeast point O Raft Cove, Chugach Bay, 7/5/76.

No. of plants per nfor relative cover (%

Depth (m 8-8.5 9-9.5 10.5 10.5-11.5
SPECI ES
Agarum cribrosum 5.2 7.0 2.0 0.3
12. 3% 38.8% 15% 16. 5%
Constantinea sp. * 5. 6%
Encrusting coralline al ga 21.5%
H | denbrandi a sp. %
Lam naria ? groenlandica 30.7 3.0 0 5.6
L. saccharin 0 0 40% 5.5%
L. yezoensis 0 0 0 0.8
0 0 0 2%
Pleurophycus gardneri 1.3 0 0 0
3.3% o . 0 0
Rhodymenia pertusae 3. 4%

* A dash (-) indicates that sanpling method excluded that species in the
respective sanple.



Table 13 .

Rel ationshi p between depth,

Cove, chugach Bay, July 1976.

relative cover and density of major kelps in the vicinity of Raft

Per cent Movi ng Aver age No. of Plants Movi ng Aver age
Depth (mm) Cover for % Cover per nf for No./m? Location
7.5-9 8.3 - 41.2 == North of Raft Cove
8-8.5 85.6 T 37.0 -= Nort heast point of Raft Cove
9 101.6 79.9 16.0 26.2 North of Raft Cove
9-9.5 73.8 71.0 10.0 18.3 Nort heat point of Raft Cove
9.1 26.7 12.3 In Raft Cove
10.5 55.0 68.9 2.0 11.7 Nort heast point of Raft Cove
10.5 -11.5 39 68.9 6.7 20. 4 Nort heast point of Raft Cove
10.5-11.5 75.0 64.3 13.1 18.1 North of Raft Cove
10. 7 52.8 19. 4 Raft Cove
12 101.7 66. 2 16.0 20.2 North of Raft Cove
12-12.5 50. 7 66. 4 8.6 19.4 Sout h of Point
12-13.5 66. 7 54. 4 10.7 15.3 North of Raft Cove
15-16. 5" 38 8.8 12.9 North of Raft Cove
16 - 32.3 North of Raft Cove
21 15 -= 4.0 East of Point
Aver ages 65. 5% 19.1 Plants/m2

-Th-
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The epifauna in the study site is quite rich; it was mainly domi nated
by a broad variety of suspension feeders. The general paucity of large
clams and other large fleshy forns possibly reflects the predatory influence
of the sea otters that inhabit Raft Cove. However, despite the presence of
otters, sea urchins were comon under rocks; even in Raft Cove, sea urchin

density averaged 2 individuals/m? (Appendix B-1}.

A broad variety of epifaunal forns was observed on the shelf and
slope north of Raft cove (Appendices B-3 through B-5 . The macroherbivores

i ncl uded the sea urchins strongylocentrotus dr obachi ensis and_S. franciscanus.

The former ranged in diameter from 7 to 40 nm and averaged 22.3 £ 7.2 nmm
(Table 14), and the latter ranged from 7 to 33 mm and averaged 19.9 * g.7 mm
(Appendi x 8-11). These averages indicate small animals, particularly for

s. franciscanus, suggesting rather young popul ations. The nicroherbivores

included the snails calliostoma |igature and Margaritas pupillus and the

chitons Tonicella spp. (Table 15); conbined densities approaches 13.5
i ndi vidual s/m2.  Maj or epifaunal suspension feeders included the tunicate

? Distaplia sp., the bryozoan Mcroporina borealis and hydroids of the famly

Sertulariidae; conbi ned cover was over 20 percent. Hermit crabs (Paguridae)
consi dered as scavengers and predators, were common. Three predatory species
of starfish were common, namely, an unidentified species of Leptasterias

(possibly L. leptalea), Crossaster papposus and Tosiaster arcticus. Average

radii for these species were 17.0 ¥+ 6.0 mm, 39.3 % 17.7 mmand 23.3 £ 4.3 mm,
respectively. The genus Henricia was also comon in the area, but

individuals were not identified to species. As a consequence, feeding type
cannot be identified. The average size of the specimens observed was 29.6 #

18.3 mm Size data for several other asteroids in the area are presented in

Appendi x B-11.

DAMES 8 MOORE
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Table 14 . Size distribution for the green sea urchin (Strongylocentrotus
drobachiensis) from Raft Cove, Chugach Bay, 7/7/76.

Di angtegrt (mm Frequency

6- 10 4
11-15 6
16-20 17
21- 25 17
26-30 13
31-35 3
36-40 1

n =61

X2s=223=7.2mm

Range = 7-40 mm

* Based on unclassed data in Appendix B-n.
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Tabl e 15. Abundance and relative cover of several comon invertebrates
north of Raft Cove, Chugach Bay, sutrmer 1976.

No. per # or percent cover

Dat e 716 718 716
Dept h (m) 7.4-13.5 9.1 12-16.5
SPECI ES

Calliostoma ligatum 0 5.5
Crossast er _papposus 0.4 0 0

? Distaplia Sp. 0 6.3%
Henricia spp. 1.2 0 0.5
Leptasterias ? leptalea 0 2.7 0
Margaritas pupillus 2.7 2.0
Microporina borealis 6. 7% 11. 9%
Paguri dae, wunid. 14.7 2.5
Sertulariidae, unid. 8. 7% 3. 0%
Strongylocentrotus drobachiensis 2.0 0 2.5
S. franciscanus 0.8 0 0.5
Tonicella spp. 2.7 6.0

Tosiaster arcticus 0.8 0 0.5
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Appendi x B-11. Mbst nunerous anobng these was Orthasterias koehleri, an

active predator in the entire area.

Additional density data for echinoderm from depths between 12.2
and 18.3 mon the shelf and slope north of Raft cove are presented in

Appendi x B-12. The green sea urchin S_ drobachiensis was nmost comon;

its average density was 5.6 individuals/n2. Mst of the individuals were
relatively small and lived under boulders. The brittle star Ophiopholis
aculeata, al so found under rocks, averaged 3.7/m2, but this is probably a

consi derabl e underesti nate.

Vertical faces usually support a broad variety of organisns,
particularly suspension feeders. A detailed examination of a 2.5 m high
pinnacl e exenplifies this; over 50 percent of the species were suspension
feeders (Appendix B-13). Dominant forms were the bryozoan Microporina

borealis, and several species of hydroids and tuni cates.

The epifaunal mat was not well devel oped under the al gal canopy
off the northeast point of Raft Cove (Appendix B-7). Only three species
were comon, nanely the colonial tunicate ? Distaplia sp., hermt crabs

(Paguridae) and chitons (Tonicella sp.). The olive snail (0livella baetica)

was common on sand (Appendix B-7).

The rock finger extending east of the southern headland of Cchugach
Bay supported an extrenely rich, lush epibiota. An average of 19 species was
observed per quadrat. A total of 71 taxa was observed in a single dive

(about 1/2 hour). However, because of the small nunber of quadrats, the

DAMES £ MOORE
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cover and density estinmates are poor. The dominant species were the hydroids

Abietinaria spp., Obelia ? loveni and Tubularia Sp., an unidentified starfish

(possibly Leptasterias leptalea), the bryozoan Mcroporina borealis, an

orange encrusting tunicate, two species of hernit crabs, and the snail

Trichotropis_cancellata. Seventeen species of hydroids were particularly

abundant, with a conbined coverage of over 25% Suspension feeders, with

56% of the species, domi nated the epifauna.

A broad variety of feeding observations was recorded during this
sanpling period. The nore active predators included the sea otter, and

the starfish Dermasterias imbricata and Crossaster papposus (Table 16).

The nost renarkabl e observation was of the predatory chiton Placiphorella Sp.

feeding on a juvenile fish, which it had apparently captured. Three species
appeared to be responding to reproductive maturity of their prey. Hernit
crabs were eating the tops out of colonial tunicates to obtain the large

eggs inside. The starfish Orthasterias koehleri was feeding on a snall

tunicate packed with nunerous large eggs. The leather star Dernmsterias
imbricata was feeding on reproductively mature sertulariid hydroids, and

possi bly the bryozoans Microperina and Dendrobeania, upon which it was
feeding, was mature also. The interesting aspect of this is the fact that
these prey species, particularly hydroids, are not considered frequent

prey species. However, the suspected pattern energing from sinmlar feed-

ing observations is that some predators are able to sense reproductive
maturity of potential prey species and that by preying on these species during
such periods, they can capitalize on the concentrated nutrients available

to them

DAMES 2 MOORE



Table 16 .

Pr edat or

Placiphorella sp.

Fusitriton oregonensis

Pagur us_ sp.

Enhydra 1lutris

Ot hasteri as koehleri

Leptasterias ? leptalea

Der nast eri as imbricata

Der mast eri as imbricata

Der nast eri as imbricata

Crossast er  papposus

Crossaster pappGsus

Prey

Juvenile fish

Juvenile fish

Orange, social, colonia
tunicate ? (tops eaten
out of groups)

Molluscus

Can-of -corn tunicate

Musculus vernicosus

M croporina borealis

Dendrobeania ? murrayana

(hservations of predation of cChugach Bay on 7/5 and 7/8/76

Sertulariid hydroids

calliostoma |igature

Placiphorella sp .

Dept h No. of
(mm) Feedi ng
9.1 1
1
1
12.0 Numer ous
15. 8 1
18.3 1
15. 8 1
15.2 1
16. 8 Numer ous
16. 8 1
" 1

Type of Evi dence

Direct
Direct

Direct

| ndirect
Di rect
Di rect
Direct;
Direct;
Direct;
Direct;

Direct

gut
gut
gut

gut

out

out

out

out

-~
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PORT DI CK

Ceneral Description of Areas Exani ned

The areas examned at the head of the West Arm of Port Dick included
the outer edge of the shelf, a small rock islet near the slope on the southern
side of the shelf, and the slope at the outer edge of the shelf. The shelf
is a depositional mudfiat at the mouth of Port Dick Creek. Quantitative
data were collected in the rockweed and nussel assenblages, the eel grass

bed and on the slope (Figure 4).

Intertidal Zone

The rocky intertidal zone on Dick’s Head was dominated by rock-
weed, sea lettuce and blue nussels (Table 17). RockWed doninated in the
high, mddle and low intertidal zones on the north side. The high zone
was characterized by barnacl es and nussels, the middle zone by sea lettuce
and a rope-like green al ga (Spongomorpha sp.) , and the |ow zone by sea
| ettuce and a ribbon-like brown alga (Alaria sp.; Table 17). Wth the
exception of the species nentioned, most of the organi sns observed in the
intertidal zone were relatively uncommon (Appendix C1). The biota was

fairly diverse (Appendix C2).

Plant biomass in the intertidal zone was quite high, averaging
about 5.5 kg/m2; rockweed (Fucus) conposed over 90% of the wet weight
(Appendix c-3). The estimated biomass of rockweed in the 12 mlocation is
extraordinary and probably is a consequence of sampling variability. Even
adjusting for relative cover at that level (68% reduces the biomass to 12.6
kg/m2. However, it is apparent from these data that the intertidal zone

on Dick’s Head supports a high algal standing crop.
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Table 17 .
SEecies
Alaria sp.

Balanus ? glandula

Callophyllis sp.

Costaria costata

Cryptosiphonia woodii

Enteromorpha Sp.

Fucus di stichus

Gigartina papillata

Gloiopeltis furcata

Halosaccion glandiforme

-49-

Rel ative cover by mmjor organisns in intertidal

zones on Dick's
Head, at the head of West Arm Port Dick, 6/30/76.

Littorina Sitkana

Mytilus edulis

Rhodophyta, unid.
(Filamentous)

Rhodymenia palmata

Scytosiphon lomentaria

Spongomorpha sp.

? Ulva sp.

PERCENT _COVER
Lower M ddl e Upper Mean Cover
| ntertidal I ntertidal Intertidal Z+s
8.2 1.3 0 3.8 & 12.8
0 3.8 10. 4 4.6 £ 9.7
0 0.2 0 0.1 + 0.4
0.5 0 0 0.2 + 1.2
0.3 * 0.5 0 0.3 £ 1.4
04 0.2 1.7 ().8 3.3
66. 4 38.8 68. 2 57.8 £ 32.1
0 2.4 0 1.0 £ 3.2
0 1.2 0.1 0.4 + 2.5
1.5 4.7 0 2.0: 5.6
0. 0.1 1.7 0.6 + 1.3
0 6.6 18.5 8.5+ 23.8
7.6 3.2 1.9 4.2 + 10.1
0.1 0.5 0.1 3.7 + 4.8
0 0.2 0 0.1 + 0.3
5.2 10. 4 0.2 5.3 £ 10.5
24.9 11.4 2.3 12.8 + 16.9
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Several herbivores were common in this area. The periw nkle

Littorina sitkana, a microherbiveore, was abundant in the high intertidal

(Table 17). Aperture length, used as a measure of size, averaged 5.4 £ 1.2
mn (Figure 8). The size structure was strongly unimodal. Linpets (fanmly
Aceei dae) were another m croherbivore common in the intertidal zone.

Hi ghest densities were observed in the md-intertidal zone (Appendix c-4).

On the south side of Dick’s Head, the blue nussel strongly
dominated the intertidal zone. Relative cover exceeded 70% (Table 18) and
overal | density was over 4,600 mussels/m2. Density was generally higher
at the lower levels (Table 19). However, at the highest level sanpled, the
el evated density appears to be due to a strong Ovyear class there. Average
shell length was generally larger at the lower levels, except for the popul a-
tion at the lowest |evel (Table 19; Appendix C5). The nodes of the size
distributions follow the same general pattern. Al except the upper popul a-
tion had basical |y unimodal distribution; while the upper popul ation was
clearly bimodal. Young mussels (Oyear class) were uncomon in the mid-
intertidal popul ations, but dominated in the highest population and conmon in
the [ owest population. The abundance of young nussels in the |ower population
is not completely responsible for its smaller average size; however, the node
for that population is also considerably smaller than for the popul ation

at the next higher level (Table 19).

A series of nussels were weighed and neasured to determne the re-
| ationship between shell length, whole wet weight, wet tissue weight and
dry tissue weight. On the average, wet weight was about 44% of whole wet

wei ght and dry weight is about 19% of wet tissue weight (Appendix C6). The

DAMES & MOORE
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Table 18. Relative cover data for the blue mussel (Mytilus edulis) in
1/4 niquadrats on Dick's Head, at the headof —West—ArTT rort

Di ck, 7/1/76.

Per cent Nunber of
Cover Quadrats
30 2
35 2
40 2
4s 0
50 2
55 0
60 2
65 4
70 6
75 9
80 7
85 6
90 7
95 1

Tot al 50

Mean Percent Cover: X+ts=17161%17.0%
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Table 19 .  Summary of size distribution data for the blue mussel (Mytilus edulis) frc
the intertidal zone, on Dick’s Head at the head of West Army Port D ck,
July 1976.
Shel | 0 m Zone 3 m Zone 9 m Zone 12 m Zone
Length (nmm Frequency % Frequency % Frequency % Frequency
1-4 6 1.2 1 0.4 0 0.0 0 0.
5-8 101 19.7 0 0.0 1 0.2 28 2.
9-12 111 21.6 2 0.8 7 1.5 56 5
13- 16 63 12.3 7 2.7 9 2.0 97 8.
17-20 75 14. 6 13 5.0 20 4,3 107 9,
21-24 81 15. 8 23 8.8 19 4.1 109 10.
25-28 43 8.4 49 22.3 29 6.3 168 15
29- 32 15 2.9 65 25.0 23 5.0 140 12
33-36 10 1.9 39 15.0 58 12. 6 148 13.
37-40 7 1.4 33 12.7 93 20.1 128 11.
41-44 1 0.2 10 4.0 101 21.9 58 5.
45-48 0 0.0 7 2.7 74 16.0 40 3
49-52 0 0.0 2 0.8 24 5.2 6 0.
53-56 0 0.0 0 0.0 4 0.9 1 0.
n 513 260 462 1,086
X (cm* 16.0 30. 4 37.3 27.7
S (Crg 8.0 7.4 9.4 10.1
No. / 4,104 2,080 3, 696 8, 688
.Based on unclassed data in Appendix G 5.
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rel ationship between shell |ength, whole wet weight and wet tissue weight are

shown in Figure 9, along with the respective regression equations.

The data for density, size distributions and the [ength-weight
regressions were used to devel op biomass estimtes for the nussel popul a-
tions at the various tidal levels. Wt tissue weight increased dramatically
fromthe higher to the lower levels (Table 20). The overall average was

about 4.4 kg/m2,

Subtidal Areas

The subtidal area in the vicinity of Dick’s Head was no nore diverse
than the intertidal zone (Appendix c-7). The rocky portions were doni nated
by Lanminaria sep. and Alaria sp. and the soft substrate by eelgrass (Zostera
mrina) . Few macroinvertebrates were observed on the rock substrate (Appendix

¢-7) . These were linmted mainly to the green sea urchin (Strongylocentrotus

drobachiensis) and the slender star (Evasterias troschelii) (Appendix C8).

Macrophytes covered about 75% of the soft substrate in the vicinity of
Dick’s Head; ? Ulva was the dominant plant, but eelgrass, distributed in
smal | patches, was somewhat inportant (Appendix c-9) . Missels covered nearly

25% of the soft substrate.

The sl ender star (Bvasterias troschelii) was an inportant preda-

tor around Dick’'s Head, feeding mainly on_Mytilus edulis and Littorina
sitkana (rable 21). Its density averaged about 1.1/m?. Radius averaged
41.2 ¢+ 27.0 mm; the size structure was basically unimodal with the node

| ocated substantially bel ow the mean (Table 22). Sizes ranged from 15-130
mm (Appendi x €-10). These data indicate that the population is dom nated
by relatively young individuals and that recruitnent has been successful

recently. Sea otters also seened to be feeding in the area (Table 21).

DAMES 8 MOORE
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Table 20 . Estimates of size and weight distribution, density and biomass for blue nussels _(Mytilus edulis) from
the intertidal zone of Dick’s Head at the head of west Arm Port Dick, July 1976.

0 m Zone 3 m Zone 9 m Zone 12 m Zone
Shel | et Vet Vet et
Lengt h (mm) Frequency Tissue W. Frequency Tissue W. Frequency Tissue W. Frequency Tissue W.
1- 4 48 5.4 8 1.1 0 0 0 0
5- 8 808 120.7 0 0 8 1.2 224 33.4
9-12 888 177.3 16 3.2 56 11.2 448 89. 4
13- 16 504 134.5 56 14.9 72 19.2 776 207.1
17-20 600 214.0 104 37.1 160 57.1 856 305.3
21-24 648 308.9 184 87.7 152 72.5 872 415.7
25-28 344 219.2 464 295.6 232 147.8 1344 856. 3
29- 32 120 102. 2 520 442. 8 184 156.7 1120 953. 8
33- 36 80 91.1 312 355.1 464 528. 2 1184 1347.7
37-40 56 85.2 264 401.7 744 1131.9 1024 1557. 9
41- 44 8 16.3 80 162.7 808 1643.1 456 927.3
45-48 0 0 56 152.2 592 1609. 1 320 869. 8
49-52 0 0 16 58.1 192 697.5 56 203.4
53-56 0 0 0 0 32 155.4 8 38.8
Density ™ 4104 2080 3696 8688

Estimated Bio
mass:  (gm wet weight/m2) 1475 2012 6231 7809

~9G -
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Table 21. CObservations for predation at Port Dick 7/1-7/3/76.

No. of Type o

Pr edat or Prey Feedings  Eviden
Evasteri as trecschelii Mytilus edulis 7 Direc
Hexagrammos stelleri-juv. Juv. Mytilus on eel grass Direc
Her mi ssenda crassicornis Hydroid 1 Direc
Telmessus cheiragonus Zostera NAEri na 1 Direc
Enhydra lutris cl ans Nuner ous Indir
Phalacrocorax auritus Fi sh - 4 Direc
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Table 22. Size distribution for the slender star (Evasterias troschelii)
near outer edge of shelf at head of West Arm Port Dick, "/1/76.

Radius (mm)y Freguency
10-19 12
20-29 38
30-39 19
40- 49 14
50-59 9
60- 69 3
70-79 3
80- 89 2
90-99 6

100- 109 0
110- 119 4
120- 129 1
130- 139 1

n = 112
Mean radius®/= 41.2 £ 27.0 mm
Range = 15-130 nm

L;Measured from center of mouth to tip of Iongest arm.
2/Based On unclassed data in Appendix G 10.
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Closer to the center of the shelf, the flora was nore diverse
and covered about 65% of the bottom (Table 23) . Dominant species were

Laminaria Ssaccharin, Zostera marina and Desmarestia viridis. Laminaria

and Desnarestia were nore “abundant in the shallower areas examned. All
species were distributed in a patchy manner (Appendix Cn). A gal debris,
conposed largely of sea lettuce, was common throughout nost of the area.

Epibenthic invertebrates were unconmon.

Eel grass formed a nore uniform bed toward the middle of the shelf.
Estimated densities at the inner and outer edges of the bed were109 and
108 turions/m2, respectively (Appendix C 12). Turion height ranged from
35.5 - 274.0 cm at the inner edge, and averaged 164.1 # 58.3 cm (Appendix
€-13) . The shape of the size distribution is not clear, but nmay be bimodal
(Table 24). The major node is somewhat higher than the nean. At the outer
edge of the bed, turion height ranged from 13.5 - 267.0 cm and averaged
126.4 + 63.9 cm (Appendi x ¢-14). The shape of the distribution is basically
unimodal with the nmode fairly close to the mean (Table 24) . Except for the
conspi cuous node, the distribution is rather flat; a broad range of sizes

are well represented.

The relationship between turion height and dry weight (Appendix
C-15), shown for August in Figure 7, indicates that the plants are in good
condition. As discussed previously, the condition of the plants from Port
Dick was superior to that of those from Keyuktolik Lagoon. Flowering

plants were comon in the bed.

DAMES 8 MOORE
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Table 23. Relative cover and abundance of mmjor epibiotic organi sms on
the outer edge of the shelf at the head of West arm, Port
Di ck, 6/30/76.

12.5- Overal |
SPECI ES 6 m 8-9m 13.0m Kts
Al gal debris (c) 10% 0 23% 13.5 + 24.3%
Costaria costata (O 10% 0.8% 0 2.3 + 8.0%
Desmarestia viridis (C) 5% 36. 2% 1.5% 12.6 + 23.7%
Lam naria_saccharin (N 0 0.3 0 0.1 &+ 0.3
Lanmi naria saccharin (N) 31. 2% 41, % 10% 23.8 + 25. 1%
Pycnopodi @ helianthoides (N) 0 0 0.1 0.05; 0.2/m?
Rhodophyta, unid. (Filamentous} (C) 0 0 1% 0.5%
Telmessus cheiragonus (N) 0 0 0.2 0.1; 0.4/m?
2 Uva sp. (O 0 0 5% 2.5 + 7.2%
Zostera marina (Q 0 5% 47% 13.8 £ 12. 1%

Total percent cover by attached
macr ophyt es 56. 2% 83. %  64.5%
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Table 24. Turion height-frequency data for eel grass (Zostera marina) from
West arm, Port Dick, 8/31/76.

Turion He/ight I nner Edge Quter Edge

(cm)-l- of Bed of Bed Tot al Per cent
10.0 - 19.9 0 3 3 1.5
20.0 - 29.9 0 6 6 3.0
30.0 - 39.9 0 5 5 2.5
40.0 - 49.9 2 3 5 2.5
50.0 - 59.9 2 5 7 3.5
60.0 - 69.9 0 6 6 3.0
70.0 - 79.9 2 5 7 3.5
80.0 - 89.9 4 5 9 4.5
90.0 - 99.9 4 8 12 6.0
100.0 - 109.9 2 3 5 2.5
110.0 - 119.9 1 5 6 3.0
120.0 - 129.9 3 4 7 3.5
130.0 - 139.9 1 13. 14 7.0
140.0 - 149.9 7 7 14 7.0
150.0 - 159.9 4 5 9 4.5
160.0 - 169.9 3 4 7 3.5
170.0 - 179.9 1 10 11 5.4
180.0 - 189.9 7 1 8 4.0
190.0 - 199.9 8 7 15 7.4
200.0 - 209.9 8 3 11 5.4
210.0 - 219.9 8 4 12 6.0
220.0 - 229.9 5 2 7 3.5
230.0 - 239.9 5 3 8 4.0
240.0 - 249.9 0 0 0 0.0
250.0 - 259.9 1 2 3 1.5
260.0 - 269.9 0 2 2 1.0
270.0 - 279.9 1 0 1 0.5
n 81 121 202
% (cm)%-j 164.1 126. 4 141.5
s (em) 48.3 63.9 61.6

L/rength of |ongest |eaf from upper node.
2/Based on unclassed data in Appendices c-13 and c-14.
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Estimates of standing stocks were conputed using the information
for density, the distribution of turion heights and the |ength-weight
regression fromlate August. Biomass was higher near the inner edge of
the bed, mainly as a consequence of the larger average turion size. The
overal | average was about 120 gms dry weight/m2 (Table 25). Based on an
estimate that eelgrass covers about 300,000 n2 on this shelf, the dry

wei ght of this plant may approach 35 metric tons.

The slope between the shallow shelf at the head of West Arm

and the deeper basin was donminated by the brown alga Lam naria saccharin.

Hi ghest density was observed along the lip (Appendix ¢-16) . Overall density

exceeded 2.0 plants/m2.

The sunstar (Pyncopodia helianthoides) was a domi nant predator

on the slope, its overall density was 0.14/m2. The popul ation was conposed
of noderate sized individuals with an average radius of 141.7 % 85.8 mm
(Appendi x c¢c-17). Oher less comon species observed on the slope are listed

in Appendix C 18.

A considerable quantity of plant material is produced in the rocky
intertidal zone and on the shallow subtidal shelf, but attached plants are
not common nore than a short distance down the outer slope (Figure 10).

A great deal of the plant material produced in shallow water is torn |oose
and transported into the basin by tidal activity and storm induced turbul ence.
The resulting large accumul ati ons of detrital material in the basin are prob-
ably very inportant to the food budget of organisns that generally remain

in the deeper portions of the fjord.

DAMES BE MOORE
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DI SCUSSI ON

The inportance of nearshore assenmblages to marine systems and,
specifically, to ocean fisheries, is due in large part to their plant pro-
duction. This appears to be particularly true of nearshore areas on the
southern Kenai Peninsula. Macrophyte production of the kelp and eel grass
beds contributes |arge quantities of plant material to the benthic assenbl ages
of both the north Gulf of Alaska and |ower Cook Inlet. The timng of the najor
contribution of plant material to nearshore waters is inportant. The main
pl ant assenbl ages shed a large proportion of their biomss during autumal
storms, at a tine when phytoplankton stocks are declining rapidly. Drifting
plant materials from macrophyte assenblages are distributed widely within
Cook Inlet. Dense mats of macerated algal debris are frequently observed in
the mddle Inlet, at least 60 mles from appreciable algal stocks (personal
comuni cation, Rick Wight, State of Alaska). Large quantities of bull kelp
have been observed stranded at Anmakdedori Beach, in Kam shak Bay, at |east
40 mles from the nearest bed (persomal conmunication? Tina Cunnings, ADF&G).
In fact, it appears from the paucity of |arge herbivorous species that nost
of the plant material produced in the nearshore assermblages is exported and

utilized el sewhere.

Macerated kelp is apparently a relatively stable food material.
Zobell (1959) showed that, “for finely chopped seaweeds, about half of the
organic content is oxidized within 5 days at 20°C . . . . [they are] alnost
conpletely mneralized within a nonth.” Furthernore, “deconposition takes

place only about half as fast at 10°." Assuming an average tenperature of

DAMES 8 MOORE
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about 5°C in deeper waters in this area, one can extrapolate that the

organic content of £inely chopped seaweeds would be half oxidized in about
20 days. Zobell (1959) al so stated that deconposition rates are much

slower for living plants or larger pieces, so algal debris fromfall shedding

may remmin available for several nonths during the winter.

Nearshore areas are also inportant as forage and nursery areas
for nunerous inportant sport and conmercial species. Rocky areas are
inportant for juvenile king crab, some shrinp species, herring and probably
sal non. The areas of soft substrate are inmportant to the fry of several
speci es of sal non, dungeness crabs, and as feedi ng areas t0 several species

of ducks and geese. Such areas also support inportant clam resources.

GENERAL COVPOSI TI ON OF MAJOR BI OT1 C ASSEMBLAGES

Cne of the major objectives of this study was to begin to describe
maj or features in the ecol ogy of nearshore assenbl ages of the outer xenai
Peninsula. Three general areas, each representing an inportant nearshore
assenbl age, were selected as study sites. Exposed rocky shoreline is the
dom nant substrate of the coastline along the southern Kenai Peninsula.

This type of habitat, typified by offshore beds of bull {Nereocystis) and

ri bbon kel p (alaria), was exami ned at cChugach Bay and E. cChugach |sland.
Protected rocky areas and soft substrates are also inportant substrate types,
especially in the numerous bays and fiords penetrating into the Peninsula.
Such habitats, characterized by beds of nussels and eel grass, were exam ned
at Koyuktolik Bay and in the West arm of Port Dick. Data from surveys in
sunmer 1975 and spring 1976 are presented in earlier reports (Dames & More

1975 and 1976).

OAMES 82 MOORE
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Hard Substrates

The rock habitats supported nore diverse benthic assembl ages
than the soft substrates, regardless of whether they were protected from or
exposed to waves and strong currents. The stability of the substrate allows
organisms to attach firmy. On rock habitats, exposure generally acted to
increase diversity; this is a response to several factors. Exposed rocky
habitats are generally free of resuspendabl e inorganic deposits which act
to di scourage devel opment of |ush epibenthic assenbl ages. The turbul ent
nature of exposed areas has additional beneficial effects. By causing the
resuspension of organic particles, it increases food availability to sus-
pensi on feeders and also, by nacerating organi ¢ debris, it accelerates the
deconposi tion process upon which suspension feeders depend. Finally, by
agitating the upper algal canopies, turbulence increases light penetration

through them thus pronmoting better devel opment of vegetative undergrowth.

At Chugach Bay, the degree of exposure of the sites exam ned varies
moderately. The nost exposed sites were west of “Sea Otter” Point (Figure 3)
The structural conplexity and species diversity of the epibenthic assenbl age
off this site was great, particularly with regard to the suspension feeders.
At locations farther inside the Bay, conplexity was somewhat reduced. Aso,
al gal species characteristic of less turbulent, darker habitats were found

in shall ower water.

The species conposition of the nearshore assenbl age at cChugach Bay
was typically diverse; approximately 200 species were identified (Appendix D-1).

Hydroids, bryozoans, tunicates and starfish were disproportionately abundant

(Table  26)This reflects the diversity of the suspension feeding assemblage

DAMES £ MOORE
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.

Table 26. Conparison by mjor taxa of the species observed on the southern
Kenai Peni nsul a.

Chugach E. Chugach Xoyuktolik Port

Bay Bay Bay Di ck
ALGAE- t ot al 45 26 39 47
Chlorophyta 1 ) 7 6
Rhodophyt a 27 17 18 25
Phaeophyt a 17 9 14 16
ANG OSPERMAE 0 0 1 1
PROTOZOA 0 1
PORIFERA 7 - 1 3 1
CNIDARIA-total 29 17 8 3
Hydr ozoa 25 15 3 1
Ant hozoa 4 2 5 2
SIPUNCULA 1
ANNELIDA-Polychaeta 4 7 6
ARTHROPCDA- Cr ust acea 14 9 17 17
MOLLUSCA-tots 1 40 21 37 34
Pelecypoda 11 4 13 15
CGast r opoda 21 13 19 19
Polyplacophora 8 4 5
ECTOPROCTA 15 8 5 1
BRACHIOPODA 1 1
ECH NODERMATA-tots 1 20 10 11 5
Holothuroidea 2 0 3 1
Echi noi dea 3 1 2 1
Asterozoa 15 9 6 3
CHORDATA
Tuni cata 12 5 1
Pi sces 10 4 8 22
Aves 4 5
Mammalia 1 2 2 2

Tot al 198 104 144 145
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and the conconitant diversification of predators. Twelve species of |arge
kel ps were observed (Appendi x p-1); SiX of these were dominant in one or

nore areas during the sunmer. Elephant ear kelp (Lanminaria groenlandica)

donminated the bottom between low intertidal and 6 m deep. Between 6 m and

12 m bull kelp (Nereocystis |uetkeana) formed a dense surface canopy. This

was particularly well developed in the vicinity of Raft Cove and on its out-

lying shelf. Under the canopy was a dense mixed stand of L. groenlandica and

Pleurophycus gardneri. Several other species of Laminaria were also commonly

encountered within this |ower canopy. At about 12 m sieve kel p (Agarum
cribrosum) began to appear in the |ower canopy and, at about 17 m was the
dominant al ga, replacing Lam naria spp. and Pleurcphycus which had gradual ly

di sappeared. Sieve kelp was abundant on down past 23 m deep.

The major herbivores were the green sea urchin (Strongylocentrotus

drobachi ensi s), several chitons (Tonicella sSpp. and Mopalia spp.) and snails

(Margaritas pupillus and callistoma |igature). The densities and sizes of the

sea urchin species indicate that their influence on the plant comunity was
small. Densities of mcroherbivores such as chitons and small snails,

that feed on gametophytes and juvenile sporophytes of the kel ps, were great
enough to suggest that they may have had an influence on the conposi tion and

density of the algal assenblages. About 20 species of herbivores were

identified.

The appearance of the suspension feeding assenbl age was dom nated

by bryozoans (Microporina boreal is), hydroids (Abietinaria spp. and

Canpanul ari a verticillata) and col onial tunicates (? Aplidium spp.,

? Distaplia sp., ? Synoicum Sp., and Didemnum sp.) . This epifaunal assenbl age

was not well devel oped under the dense algal canopies. However, where the
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al gal canopy thinned out, the epifaunal nmat was well devel oped, commonly cover-
ing more than 50% of the available substrate. About 90 species of suspension

feeders were identified.

The mgj or predators at Chugach Bay appeared to be sea otters and

starfish, particularly Othasterias koehleri, Dermasterias imbricata,

Crossast er _papposus and Leptasterias ? leptalea. A group of additional

species #at act equally well as predators or scavengers was particularly
characterized by crustaceans (Appendix D-1). About 50 species of predators
and scavengers were identified at Chugach Bay. These included several
comon fish species, nanely white-spotted, kelp and rock greenling, northern
ronquil, and some unidentified cottids and flatfish. Aalso, although narine

birds were not surveyed, several species were comon and active in the area.

Cenerally, the size data collected suggests that the fauna was
conmposed of young to noderately old animals. None of the species neasured
were very large for their species, inplying either slow growh, high
mortality, or both. Because of the abundance of food, slow growth does
not seemtoo probable. A high nortality rate seens fairly predictable,
however, considering the density and variety of predators and the exposure of

the area to winter storns .

Seasonal changes at chugach Bay were not examined, but can be
predicted based on observation in simlar |ocations (Kachemak Bay and western
Prince Wlliam Sound). The nost obvious and inportant changes concern the
al gal assenblages. Bull kelp is an annual, germinating in late winter and

early spring and forming dense surface canopies by late spring or early

DAMES 8 MOORE
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summer.  The plants are senescent by late summer so that fall storms induce
drastic shedding of fronds. The surface canopy is essentially absent during

the remai nder of the year. The major kelp species in the |lower canopy are

perennials. At least two speci €S (Laminaria_groenlandica_and Agarum

cribrosum) exhibit maxi mum growth during late winter and early spring. The
| ower canopy is consequently best devel oped during that period. Mjor shed-
ding, is generally synchronized with shedding in the surface canopy, and

apparently induced by the sane causes.

Seasonal changes in the epifauna are also conspicuous and species
conposition of this assemblage may vary considerably on a long-term basis.
However, several nmjor epifaunal species are distinctly annual and exhibit
substantial seasonal variation in cover and abundance. During 1975-76, the

bryozoan M croporina borealis, several hydroids (Campanularia verticillata,

Abietinaria turgida and A. variabilis) and several species of tunicates were

i nportant epifaunal forms that exhibited clear seasonal changes in abundance
in several locations on the north Qulf of Alaska. Generally, these groups

were nost abundant in spring and summer.

The smal | mytilid Musculus verni cosus_al so displayed strong seasonal

variation. This small mussel frequently encrusts large portions of the blades
of seaweeds in the lower canopy. |It, therefore, is strongly affected by
changes in the condition of the canopy. Because of predation pressures, adult
speci nens of Musculus are rarely successful on the bottomand so adult abun-
dance declines sharply after fall shedding. Possibly synchronized with

sheddi ng, however, extraordinary numbers of juvenile Musculus appear. As
juvenil es Musculus generally are brooded by the adults, it is possible that

they are released when the shed kel p blades and attached adults are on the
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bottom  The juveniles form dense encrustations on many short-statured sea-
weeds and invertebrates. However, their growth during the winter is very
slow, rapid growh probably comrences concurrently with spring plankton

bl oons.

Brief surveys were made at the east end and near the west end of
E. Chugach |sland. The areas exanined were rock and supported epibenthic
assenbl ages similar to those described for Chugach Bay. The surface
canopy of bull kelp was well-devel oped all along the north side of the
island. The species formng the lower” canopy were quite simlar. In
fact, conparison of the species list conpiled for these surveys (Appendices
D-1 and D-2) reveal s that nost of the species observed at E. Chugach |sland
were also found in chugach Bay. It is probably fairly safe to assume that
the systems operate simlarly and that nost of the remarks made for Chugach

Bay are also pertinent for E. cChugach |sland.

In summary, the nearshore environnents at Chugach Bay and E.
Chugach | sl and are robust, pristine and appear highly productive. The
plant materials that they contribute to offshore areas undoubtedly play
a role in sustaining several inportant shellfish resources through wnter,
when other food supplies are low. The areas also are nursery areas for
such comercially inportant species as herring and king crab. Finally,

they have intangible value as true wilderness environnents.

soft Substrates

Al though the physical characteristics in Koyuktolik Lagoon and
the West arm of Port Dick differ sonewhat, especially in respect to veloci-
ties of tidal currents, the conposition of the intertidal and shallow sub-

tidal assenblages was rather simlar, and appeared fairly representative of
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estuarine conditions in southern Alaska. The substrate is predoninantly
sandy gravel, gravel and cobble. The upper intertidal zone was characterized

by Fucus distichus and Littorina sitkana. Fucus Was al so abundant in the

md-intertidal zone, where blue nussels (Mytilus edulis) becane abundant.

Mussel s domi nated heavily in the lower intertidal. In many areas, Fucus was
al so abundant along the |ower edge of the nussel beds (Appendices D-3 and
D4) . Species diversity in these intertidal areas is low, but the species
that live there are very successful. Littorines are the mmjor herbivore
and the major predators are probably sea birds such as gulls, northwestern

crows, surf scoters and harlequin ducks.

The substrate in the shallow subtidal zones of both |ocations are
predom nantly sandy silt or silty sand. These areas were characterized

mainly by eelgrass (Zostera marina) and various densities of several species

of marine al gae such as_Lami naria saccharin, Alaria sp., ? Ulva sp. and

Ahnfeltia plicata. Species diversity was higher than in the intertidal

zone, except in dense eelgrass neadows. Eelgrass was generally the dom nant
form occupying considerable area and contributing great quantities of

plant material to nearshore and offshore areas.

A fairly constant assenblage of animals was associated with these
maj or plant species. The larger, nore conspicuous forms were crustaceans,

pelecypods and starfish. Principal anong these are barnacles (Balanus ?

glandula and B_ rostratus alaskensis), crabs (Telmessus cheiragonus, Cancer

magi st er and oOregonia gracilis). Cl ans (Saxidomus giganteus, Tresus capax,

Astarte spp., Hiatella arctica, MACONB balthica, Macoma spp., Mya arenaria
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and M truncata) and sea stars (gvasterias troschelii and Pycnopodia

hel i ant hoi des). The ice cream cone worm (G stenides brevicomis) i s often

common in gravelly sand.  Approxi mately 150 species were identified in both

| ocations (Table 26; Appendices D-3 and D-4).

The fauna was dominated by suspension feeders, but scavengers
and predators were common. Herbivores appeared uninportant. The nmajor resi-

dent forms are Margaritas helicinus and Lacuna spp., snmall snails that

mai nly graze on epi phytes grow ng on the eelgrass | eaves. Seasonally, several
species of ducks and geese are known to stop in these areas to browse on

the eelgrass (personal conmunication, Dave Erickson, ADFsG).

Size data collected for two major predators, the starfish Evasterias

troschelii and Pycnopodia heliant hoi des, indicate that nost of the animals

are fairly young. Specinens of both species are relatively smll. In view
of the fairly rich supply of nmussels and several species of clam, it appears
that the nortality rate of the starfish nust be fairly high. Fresh water is

probably an inportant factor in this.

On their way to and from the spawning streans, |arge nunbers of
sal mon pass through Port Dick, Koyuktolik Lagoon and several other estuarine
areas on the outer Kenai. The mjor species entering Port Dick Creek is
pink salnmon. The ADFs&G estimate of the adult pink salnon stocks in this
area during the summer season range from 1,000 to 150,000 fish; variation
is substantial between years (personal conmmunication, Loren Flagg, ADF&G).
O her species that are abundant in Port Dick are chum salnon, with a range
from about 10,000 to 100,000 fish, and a few silvers. Residence tine in

the estuary for adults is approximately 8 weeks; juvenile salnmon nmove into
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the estuarine areas around the end of March and remain until late August .
The maj or species in Koyuktolik Lagoon is the chum salnon. The ADFsG
estimate of the adult salmon Stocks in this area during the sumrer 1971
season was over 100,000 chum and approxi mately 10,000 pinks. A surprising
conparison is that the Koyuktolik streams have only about one-third the
spawning area of those at Port Dick. It is very possible that the large
and productive Koyuktolik Lagoon plays an inportant part in increasing fry

survival, thus allowing a disproportionately larger return of adults.

Bl OLOGY OF THE EELGRASS BEDS

Devel opnent of the eelgrass beds is strongly seasonal. This was
observed mainly in the size of the turions, but also was reflected in the
condition of the beds; turion density may show some seasonal variation in
some locations. Data comparing density, turion height and estimated wet

weight for all collections are presented in Table 27.

The density of the bed in Xoyuktolik Lagoon is considerably higher
than the bed at Port Dick. Additionally, the Koyuktolik bed is considerably
| ar ger (approximately 1.14 x 10°nfvs. 0.3 x 10°nf). According to McRoy's
data (1972), this woul d nake Koyuktolik Lagoon about the fifth largest eel-
grass bed in Alaska. However, the largest, Izembek Lagoon on the Al aska

Peninsula, is nore than 100 times larger (170 x 106 ni).

Because size structure of the Port Dick and Xoyuktolik Lagoon beds
were not exami ned throughout the growi ng seasen, and the probability that
popul ation growth is synchronized at these sites, it would be inproper to
conpare size distributions between them. However, size conparisons within

each area are valid.
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Table 27. Conparison of population parameters fOr eelgrass sanples from the southern
Kenai Peninsul a, 1976.

Turion Esti mat ed Esti nat ed
Density Hei ght (cm Vet i ght Dry Wi ght
Locat i on Dat e (#/m2) b4 s per n2 (gin) per n? (gm)
Koyuktelik Lagoon
| nner Lagoon 5/6 ~ 0 - - v o0 T
719 50 73.0 33.2 <246 285
Transition Zone 719 456 95.5 30.6 2894 289
8/ 30 440* 130.5 53.2 2133 213
Quter Lagoon 719 486 107.9 24.1 2770 277
8/ 30 612* 160.0  46.3 4061 406
Port Dick-Head of West Arm
Subti dal Bed 5/4 95 40.9 19.8 228 23
| nner Edge of Bed 8/31 109 164.1  58.3 1514 151
Quter Edge of Bed 8/31 108 126.4  63.9 936 94

*Di fference between d.nsities in the transitional zone and outer bed of 8/30 are
significant (p < 0.02).
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I n Koyuktolikx Lagoon, size data were collected fromthree general
areas; |owest densities and smallest plants were observed in the inner
| agoon (Table 27). Here plants were virtually absent in My, but snal
patches were present in July. In the transition zone between the inner and
outer lagoon, density of turions (leaf bundles) within the bed was much
hi gher, and the turions were significantly larger (Kol nbgorov-Snirnov two
sanple test, p <0.05). However, the bed did not conpletely cover the bottom

but rather co-domnated with the red alga Ahnfeltia plicata, which formed a

low mat reminiscent of plastic scouring pads. Coverage by Zostera probably
ranged between 50 and 75% In the middle of the outer |agoon, toward the
outer edge of the eelgrass bed, the density of the turions within the bed
may be slightly higher. The bed is certainly nore solidly distributed
occupying over 90% of the bottom  Turions here were significantly |arger

than in the transition zone (» <0.01 both in July and August; Table 27).

The difference in density between the transition zone and outer
| agoon in August, although statistically significant (Mann-Witney U Test
p <0.05), was probably due nore to a difference in sanpling locations in
the outer |agoon than to real increases in the number of plants. This is
supported by the size data. A large increase in density would be acconpanied
by the addition of numerous small plants to the popul ation, which would, in
turn, be reflected in the size structure and by a reduction of the nean
size. Such changes were not apparent in the size structure of the popul ation

in August and the mean height was significantly larger than in July (p <<0.001)

Bi onass patterns basically reflect density and size patterns

Wet biomass in the inner lagoon in July was less than 10% of that found in
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the outer areas. Unfortunately, the data Presented are only useful in
indicating general standing stocks. Even prelimnary estimates of primary
production based on increases in biomass are invalid because the plants had
started shedding before the sanpling period in August. This is exenplified
by data fromthe transition zone. Despite a rather substantial increase in
mean turion hei ght between July and August, estimates of biomass decreased
Considerably and to a nuch greater extent than justified by the slight
(statistically insignificant) reduction in density (Table 27). Physical
exam nation of the turions indicated a | oss of |eaves on the turions and a
general ly poor condition (Figure 7). These factors acted to reduce the
ratio of wet weight to turion height, which in turn, resulted in a |ower

bi omass.

On the shelf at the head of West arm, Port Dick, size data for
eel grass were collected at three locations. The first sample (May 1976)
was collected at an unspecified location within the bed, but the August
sanpl es were collected near the inner and outer edges of the bed. Densi-
ties for all sanples were simlar, averaging around 100 turions/m2. Turion
hei ght was significantly greater in August (p <<0.001) and the size of the
plants at the inner edge of the bed was significantly larger than at the out-
er edge (p <<0.001). The plants had grown approximtely 100 cmin four
months (Table 27). The bed appeared in peak condition in |ate August. Leaves
wer e robust, turgid and general ly unbl em shed; reproductive turions were
scattered throughout the bed and had flowered. Vet bionmass increased consi-
derably during the sunmer and, because of the sanpling tines and apparent
synchrony with peak sumrer condition, may provide a very preliminary, conserva-

tive estimate of primary productivity by eelgrass. Using the My estinmate as
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the mninum biomass for the year, and the August estimate as the maxinmum
the difference of about 1,000 qm/m2 wet weight is a conservative estimte
of plant production by eelgrass during the summer of 1976. The confidence
level of this estimate is [ow This amounts to an increase of about 500%
Qobvi ously, the number of samples and the coverage of the bed is low. The
estimte does not take into account loss from grazing or |eaf shedding.
Additionally, it is based on the assunption that the bionmass estinates avail -
able are the |owest and highest for the year; any changes in these val ues
would only act to increase the estimated production of the bed. The overall
estimate of primry production for this area is definitely too |ow, because
the contribution of the al gae has not been included. Several species, npst
notably sea lettuce (?_Mnostroma sp.), el ephant ear kel p {Laminaria

saccharin), rockweed (Fucus_distichus) and several snall epiphytes on

Zostera contribute a substantial quantity of plant material to the overall

production of the intertidal and subtidal areas in Port Dick.

It appears that the mgjority of the plant material produced in
the eelgrass beds is exported to nearshore and offshore areas for utiliza-
tion by benthic assembl ages. Herbivores were generally uncommon within the
eel grass beds. The nost inportant grazing probably occurs in the spring and
fall, when geese visit these sites during their mgrations. After a great
deal of physical reworking, some of the eelgrass becones available to |ocal

detritivores in the form of plant debris.

Bl OLOGY OF THE MUSSEL BEDS

The physical environnents at Koyuktolik Lagoon and Port Dick

strongly influence the devel opment at these two sites. Forenpst anmong
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the inportant factors is tidal current, which is responsible for the great
differences in density between the nussel beds in the two areas. Mussel
densities in the entrance channel beds at xoyuktolik exceeded nmaxi num
densities at Port Dick by about 300% |ce scouring appears to be an inpor-
tant factor at Koyuktolik: i ce bl ocks gouge broad furrows through the beds,
clearing considerable portions of substrate and causing substantial nortal-
ity. This phenonenon acts to open up large tracts of substrate for dense
recruitment by juvenile nmussels. At Port Dick, the major causes of nor-
tality are unclear. A major kill involving both nussels and the starfish

Evasteri as troschelii appears to have occurred between August 1975 and May

1976. The cause is unknown. The major area of influence was in the |ow
intertidal and shallow subtidal areas. Possible causes include red tide
(surmmer 1975), | ow tenperatures (wi nter 1976) and fresh water run-off
(spring and summer 1976). In August 1975, however, Evasterias appeared to

exert a strong predatory influence in those t=ds.

The average size of the nussels within a bed varies significantly
with tidal elevation (Table 28) r but since elevations were not deternined
accurately it would be inproper to attenpt size conparisons between Port
Di ck and xoyuktolik beds. owverall, however, the largest nussels were

collected at Port Dick (Table 28).

CGeneral ly, the average size of the nussels was smaller at higher
el evations at both Xoyuktolik and Port Dick (Table 28; Figure 1l). In
nearly all cases, the differences in nean sizes between elevations in the
sane sanpling period were highly significant when tested with the Kolmogorov-

Smirnov two-sanple test (p <0.01). The main factors responsible for these
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Table 28.  Conparison of popul ation paranmeters for blue nussel sanples from

the southern genai Peninsul a. .

Location

Dat e

Koyuktolik Lagoon Entrance Channe

Quter Mussel Bed
10 m from upper
edge

20 m from upper
edge

80 m from upper edge

150 = from upper
edge, 10 m from
| ower

60 m from seaward
edge, 10 m from
| ower

| nner Mussel Bed
5 mfrom south end
of bed

10 mfrom south end
of bed

30 mfrom south end
of bed

75 mfrom south end
of bed

Port Dick

M ddl e Shoa
Subtidal Bed
Dick’s Head

Oon

3nm

9m

12 m

* Estimate based on whole wet weight:

9/9/ 75
5/7/76

9/9/75
5/7/76

7110/ 76
9/9/75

5/7/76
7.10/ 76

5/7/76

5/8/76
7110/ 76

7110/ 76

7110/ 76

5/8/76
7110/ 76

5/3/76
5/3/76

7/1/76
7/1/76
711176
7/1/76

1975-76.
. Shel | Esti mat ed
Density Length (mm et Wi ght
(#/m2) g s per ni(gin)
12,384 19.3 11.1 5, 026*
19, 006 13.0 8.1 3,424
24, 680 17.9  10.4 7, 400%
29, 167 14.6 9.3 7,228
. 9,130 23.8 7.4 5, 455
6, 968 27.6 8.6 5, 504
12, 865 24.3 8.7 5,976
12,830 25.5 8.8 9,303
12,061 22.0 8.1 4,435
34, 649 13.7 7.1 6,519
17, 826 16.7 8.1 6,973
21, 957 19.7 9.6 11, 461
12,717 19.6 9.6 6, 555
4,751 30.0 13.8 5,483
7,174 26. 2 11.6 6, 711
507 21.1 9.4 223*
- 23.1  11.2
4,104 16.0 8.0 1,475
2,080 30.5 7.6 2,012
3,696 37.3 9.4 6, 231
8, 680 27.7 10.1 7,809

wet tissue weight ratio of 1:0.35.
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di fferences probably relate to the ratio of immersion and emersion peri ods.
This controls duration of feeding periods and exposure to extrenes in

tenperature, factors that are very inportant to growh and nortality rates.

Density patterns varied considerably between heds. In the outer
bed at Xoyuktolik Bay, density was highest near its upper edge and was
uniformy lower along the main channel. In the inner bed, density
declined with higher elevation and varied considerably along the main
channel (Table 28); there was no distinct upper edge here. On Dick's Head,
in Port pick, density generally was |ower at the higher elevations and

greatest at the lowest level sanpled (Table 28).

Examination of size structures for different sites provides insight
into prevailing conditions. Populations near the upper edge of the outer
bed at Koyuktolik are strongly domi nated by small individuals (Figure 12).
The strongly skewed distributions indicate a high nortality rate and heavy
recruitment. A sinilar size structure was observed near the |ower edge of
the inner bed, 5 meters fromits southern end (Figure 13). This area is
at the confluence of the main channel and a mgjor drainage channel from
the lagoon. Evidence of ice scour is obvious and wi despread. |t appears

that both areas are characterized by highly stressful conditions.

Mre favorable conditions are indicated by the size distributions
from popul ations near the [ower edge of the outer bed at Xoyuktolik Bay
and near the |ower edge of the bed on Dick’s Head, at Port Dick (Figures 11
and 14). These popul ations are strongly dominated by larger mature aninals.
It appears that recruitment and nortality rates are lower than in the areas
previously discussed. Recruitnment by larvae is probably strongly inhibited
by the filtering influence of the adults (Thorson, 1950).
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Using a technique described by Ebert (1973), attempts were nade
to estimate gromth and nortality rates for nussels for specific sites at
Koyuktolik. The results were not conpletely satisfactory, but neverthel ess,
are of interest. The data that are used to conpute these curves are 1) nean
sizes for a population at two times of the year (Table 28), 2) the tinme of
year the population was sanpled in relation to the suspected time of recruit-
ment (CQctober) , 3) the asynptotic size for a population (50 mm), 4) size at
the time of recruitment to the sanple (i.e., the snallest size that wll
be sanpled by the collection technique utilized (4 nm; and finally, 5) the

known size of individuals (xx) at a known age (DN).

Best estimates Wwere obtained for the population at the |ower edge
of the outer bed. Sanmples were collected fromthis location three tines
during the year. Using two conbinations of these data (May:July and My:
September) and two sets of knowns (XN =1 mm DN = O years, and ¥ = 20

mmand on = 1 year), four sets of survivorship and growh curves were”

generated (Figure 15).

All conbinations generated rather sinilar curves. Survivorship
becomes negligible after about 5 years; 50% of the recruits are dead about
1 year after settlement, and 75% after about 2 years. Some specimens may
live over 20 years, but only about 1% survive past 8 years. Rate of growh
is fairly rapid in the first 4 years, after which it declines quickly. Size
becomes asynptotic (50 nm) after about 14 years. The animals attain nean

size about 2 years after settlenent.

For several reasons, the accuracy or reliability of these curves

nust be evaluated. All of the basic assunptions of the nodel my not be
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satisfied by the popul ation being sanpled. O particular concern, are the
assunptions of constant growh and nortality rates during the year and

the requirement that mpost recruitment occur during a single nmonth. It

is possible that growth nearly ceases during the winter, and fairly

probable that the nortality rate increases dramatically during winter and
early spring, especially during spring breakup. Finally the estinated

tine of maximumrecruitment is a guess based on several pieces of indirect
evidence, but no direct observations; the duration of this period is

unknown .  However, Ebert states that the method is sufficiently robust

“to withstand some violations of assunptions and still produce reasonable
estimates”. Also, the standard errors for the sanples utilized are within
the range utilized by Ebert in his published exanmples. Basically, the

tunes do not suggest conclusions that deviate strongly from those suggested
by field observations. W have therefore concluded that the curves generated
are reasonabl e estimates for growh and survivorship for the nussels near the

| ower edge of the outer nussel bed at Xoyuktolik.

It is not safe to conclude that these curves are representative
for other parts of that bed, or other beds. In fact, the conputer program
“blew up” on all other runs attenpted. A suspected reason for this problem
is the spatial heterogeneity of size structures resulting fromthe tenpora
instability of the populations in most of the other areas sanpled. Replicate
sanmpl es from such popul ations provide a mxture of size and age distributions
which violates a major assunption of a stable population with a stationary

age distribution
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Bi omass for nussels in the two beds exanined at Koyuktolik was
fairly equal. Wet tissue weight in the dense areas averaged approxi mately
6.5 kg/m2 (Table 28). Using an estimte of 7.5 acres of nussels, an overall
coverage of 70% and the average bi omass of 6.5 kg wet tissue/m2, the estimated
tissue weight for the two beds exceeds 135 netric tons. OQver 50% of the
tissue weight is contributed by individuals with shell Iengths less than
2 years old (Figure 15). The survivorship curves indicate that 99% of a
year class have died by year 7, so that a previous estimate of a turnover
period of 10 years (Dames & Moore, 1976) was not unreasonabl e. Assum ng a
10 annual turnover rate, nussel production would have to equal about 445

gm wet nussel tissue/m? if the population is stable.

Bi omass in the nussel beds at Port Dick is generally somewhat |ow
er than at Koyuktolik. Wet weights were |owest on the intertidal mudflats
near the mouth of Port Dick (Table 28). Dick’s Head supported greater stocks,
approachi ng an average wet tissue weight of 4.5 kg/mé. However, the size
of this bed was quite small in conparison with the beds at Koyuktolik.

Bi oness clearly became greater moving downward across the intertidal zone.
The mejor factors causing the differences observed between the intertidal
flats and the several levels on Dick’s Head are probably the intensity of
the tidal currents and availability of suitable substrate. The influence of

fresh water at both sites may have a slight effect.

pburing the study we have devel oped an inpression of the natural
history of the nussel beds. The major recruitment period i s probaly in the
fall, based on size distributions and other observations. Gowh rates are

probably fairly slow during the winter because of tenperature induced
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reductions in feeding rates and reduction in food concentrations in the
water. Mjor nortality is probably due mainly to low temperatures and,
at Xoyuktolik, ice scouring. An additional source of winter nortality
is predation by sea otters, gulls, crows and overwi ntering sea ducks, all of
which are mpjor predators all year. During spring and summer, feeding rates,
food supply and predation rates increase considerably. Additional predators

in the nmussel bed areas included the slender star Evasterias troschelii,

whi ch nmoves up from deeper water. The adult nussels thenselves are probably
quite efficient consunmers of nussel larvae. Thorson (1949) estinmated that

a medi um si zed mussel coul d ingest about 100,000 pelecyped | arvae per day.
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RECOMMENDATIONS For MONI TORI NG STUDIES

The predictability of the changes that would occur follow ng
catastrophes at sone future date is extrenely restricted because of the
limted nature of the existing data base. The snall amount of infornmation
presently available for lower Cook Inlet and the north Qulf of Al aska
indicates that substantial changes in the composition of the epibenthic
assenbl ages are routine, long-term occurrences. However, no infornation
regarding the range of variation exists, and so inferences concerning what
is “normal” followi ng a major disturbance would necessarily be weak. The
information necessary to inprove interpretation could be produced by a long-

term nmonitoring program

The experience of this study is useful in designing such a program
CGeneral ly, the nature of the studies should renmmin unchanged, but greater
emphasi s should be placed on obtaining useful estimtes of plant and anim
production. Furthernore, the objectives should be clearly and specifically

stated in a manner conducive to standardized, quantitative exam nation.

A major problem encountered was the difficulty of sanpling at
Port Dick and chugach Bay because of their inaccessibility, especially
during fall and winter. Because of these difficulties, future studies
woul d be nmore effective if monitoring sites were established at nore access-
ible locations. A major necessity is accessibility by boat or plane during
the fall and winter. Sites that may be suitable for intensive study are
Port Graham Koyuktolik Bay and Perl Island. Surveys should be conducted

once during winter, fall and spring and three times during sunmer.
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POTENTI AL PROBEIMS oF o L DEVELOPMENT

The inpetus for funding this study was the proposal by Dept. of
Interior to |lease offshore areas in the Gulf of A aska for devel opnent of
suspected petrol eum resources. Recent history provides abundant evidence
that such devel opnent can be acconpanied by several types of activities
disruptive to natural systenms (Anonymous, 1975; Smith, 1968; Nelson-Smth
1973) . This know edge created concerns over ignorance concerning the
conposition and distribution of the assenblages that mght be affected by
potential devel opment and the processes crucial to the well-being of these

assenbl ages.

In the narine environnment, the nost conspicuous consequences of
oi | devel opment occur in intertidal and shallow subtidal assenmblages. Effects
in these areas are nost noticeable for several reasons. First, man's maritime
activities are concentrated in that area. Second, the proportion of obser-
vations and famliarity with these assenblages is greater, so that sudden
changes are nore obvious. Third, petroleum products are lighter than water
and therefore often remain near the sea surface, at least initially. Wnd
can then drive conspicuous quantities of oil onshore. Finally, turbidity,
often a consequence of petroleum related devel opnent can have strong detri-
mental effects on the visually dom nant macrophyte assenbl ages, which are

restricted to intertidal and shallow subtidal areas

Basi cal |y, the kinds of problems encountered fall into three mgj or
categories. These include: 1) catastrophic spills resulting from bl owouts

of offshore wells, shipping accidents or severe damage to storage facilities
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or pipelines, 2) chronic, |owlevel contamnation resulting from routine
shipping operations and release of co-product brines, and 3) increased
turbidity in the water colum from disposal of dredge spoils produced by

installation of port facilities, pipelines, wells, etc

In view of the devel opment scenarios generated by the Bureau of
Land Managenment for the Kodiak Shelf and |ower Cook Inlet, the nmost probable
type of pollution to be experienced by the area from Gore Point to Koyuktolik
Bay is a catastrophic spill. The probability of damage from chronic, low-
|l evel pollutants or turbidity is |ow because of circulation patterns and the
renmot eness of the area from potential platform sites and onshore facilities
As a consequence, the prospects for continued high plant production are good.
However, prospects are also fairly high that the faunal assenbl ages could be
appreciably perturbed. Two nmmjor features characterizing the ecol ogy of
intertidal and nearshore assenblages of the outer Kenai Peninsula , and
apparently many other northern areas, lead to this conclusion. First, two
of the nmpst inportant groups of predators on the benthos of nearshore and
intertidal areas are sea otters and several species of narine birds. A ngjor
spill in nearshore areas would certainly have a severe effect on local sea
otter populations, regardless of the time of year, because they are non-
mgratory. Spills in nearshore areas in spring and summer would additionally
kill large numbers of marine birds and could severely disrupt their popul a-
tions. The long-term effects of a reduction in the predation pressures from
these two groups cannot be predicted clearly, but both groups consunme |arge
nunbers of herbivores (Ebert, 1968; Cottam, 1939). Uncontrolled herbivore
popul ations frequently cause depletion of algal resources (Paine and vadas,

1969; Kitching and Ebling, 1967). *
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The next feature, indicated by the patcr;y distribution and age
structure of many invertebrate populations, is their apparently slow rate
of recruitnment to established populations or establishment of new popul a-
tions. In particular, mature subtidal epifaunal assenbl ages such as Modiolus

beds coul d perhaps require decades to recover from catastrophic damage.

An additional, but lesser, concern is that disruption of the pos-
sible pattern of food supply could affect offshore productivity. Seagrasses
are quite sensitive to oil contamnation {(Straughan, 1971) and heavy con-
tam nation could severely reduce their, production for many years. Kelps and
other seaweeds are generally not as sensitive to oil contamnation as sea-
grasses, but are definitely affected by refined products (clendenning and
North, 1960). If a major spill hit the intertidal and nearshore areas at a
time when it disrupted reproduction or germnation of such inportant “annuals”
as Nereocystis, the subsequent reduction in plant production could have a

substantial inpact on the condition of offshore organisns.

O major inmportance in determning the magnitude and nature of the
damage caused by a catastrophic oil spill are the volunme and type of petro-

leum The recent grounding of the tanker Sealift Pacific clearly denonstrated

that both crude and refined petrol eum products are potential sources of
contam nation in |ower Cook Inlet. The physical and chenical properties

of refined products differ considerably fromthose of crudes and their effects
on living organisns are considerably nore severe. However, the probability

of a major spill of refined petroleum products on the outer Kenai Peninsula

is fairly low
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Many of the larger and nore highly publicized spills have invol ved
crude oil. The major physical effects of crude oil contamnation include
smot hering and dislocation of organisms and alteration of substrate. Snother-
ing is particularly pertinent to sedentary invertebrate forms such as barnacles,
nussel s and linpets. It generally only occurs in the intertidal zone as a
consequence of very heavy oiling and is nmost damaging to small specimens.
Di sl ocation can occur in several ways and affect both seaweeds and animals.
Smal | er seaweeds such as rockweed becone heavily fouled and may be torn
fromthe substrate as a consequence. Sessile intertidal forns such as |inpets
and littorine snails retract into their shells and release their hold on the”
substrate. \Wave action subsequently washes theminto subtidal areas where
they die. Mitile forns such as crabs and fish can sometinmes nove from
contam nated areas, but often those in embayments and estuaries cannot, and
are subsequently killed (Blumer, 1972). Qling can also render substrates
unsuitable for recruitment by the forms normally encountered. This is
particularly inportant in areas where heavy oiling | eaves an asphaltic coat-
ing not suitable for recruitment by most intertidal forms. Mjor spills

where these types of effects have been observed include the Torrey Canyon

spill on the Cornish coast (Smith, 1968) , the Santa Barbara bl ow out
(Straughan, 1971), and the Metula accident, in the Straits of Magellan

(personal communication, Dr. Mles O Hayes, University of South Carolina).

Direct poisoning by crude oil has been poorly docunmented and studied
but appears relatively unconmon (Boesch, Hershner and Milgram, 1971). It
may be inportant to fish, however, by disturbing membrane permeability in the
gills (Mrrow, 1974). Ingestion of crude oil apparently has little imediate

harnful effects on invertebrates but may danage nmarine birds. Food chain
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effects, particularly sublethal forms such as decreased reproductive

potential or reduced fitness resulting from altered behavioral patterns, have

been insufficiently investigated (Blumer, 1972).

C ean-up nethods, particularly use of chemical emulsifiers and
di spersants, have actually caused nore damage than the spilled oil (Snmith,
1968) . However, this is probably not a serious concern on the outer Kenai
Peninsula. It is probably fairly safe to predict that because of its remote-

ness and physical inhospitality clean-up efforts would not be attenpted.

It is difficult to predict the overall effects of a large spill
of crude oil on the outer Kenai Peninsula. Numerous variables are very
inportant in influencing the magnitude of damage. Among these are tinme of
year, sea state and position in the nonthly tide cycle. These factors deter-
mne conposition and devel opment of the intertidal and shallow subtidal
assenbl ages, rates of evaporation, enulsification and deconposition of the

oil, and the amount of sea floor contacted by it.

The predom nance of evidence from recent spills indicates that
maj or damage to the rocky shore would be to barnacles, |inpets and chitons.
Damage to seaweeds would be only tenporary. Later, because of the absence
of the mgjor grazers, seaweeds woul d probably devel op luxuriant, diverse
assenbl ages. The period of tine necessary for conplete recovery is not
predictable, but in the case of the_Tampico Maru, which spilled diesel oil
in Baja california, recovery was not conplete seven years |later (North,
Neushul and cClendenning, 1964). The length of the recovery period would be
consi derably |engthened? however, if a spill caused high mortality among

maj or predators such as sea otters and nmarine birds.
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The potential consequences of a spill entering the l|agoons or
estuaries of the outer Kenai are much nore serious. popinant species such
as eelgrass and marsh grasses, are nore sensitive to oil contanmination than
the algal species (Straughan, 1971). Furthernore, the probability of con-
tact is higher because of the flatness and greater extent of the intertidal
zone in estuaries. The high concentrations of silt and organic debris
would act to increase the quantity of oil retained in the system and the
time necessary for flushing to occur. However, because of the well-devel oped
mcrobial flora, degradation may occur nore rapidly. Geatest damage woul d
be t0 eelgrass, the domi nant primary producer, but unfortunate timing could
al so cause severe damage to salnmon stocks if adults or juveniles were trapped
and killed, or if mgrations into spawning streams were inhibited (Dept. of

Interior, 19761.

Juvenile pink salnon are quite sensitive to |ow | evel exposures
of crude oil (rRice, 1973). Highest sensitivity of fry was in salt water,
where about 50% were killed by a 96 hour exposure to crude oil concentra-
tions of 0.04 m/1. . Significant nortalities occurred in young coho sal non
when concentrations of crude oil poured on the surface of the water reached
500 ppm (Morrow, 1974). Further discussion of the problems and evidence
supporting these projections are available in the environmental inpact state-

ment for lower Cook Inlet (Dept. of Interior, 1976).

The systens exanined during this study are robust, pristine and
quite productive. They appear to contribute significant quantities of
food material to the offshore systems and may be particularly inportant in
satisfying winter food requirenents. This point of interaction appears to be

a crucial consideration in planning for oil devel opnent because the |oss or

DAMES £ MOORE



=-9Q=~

contam nation of a large proportion of that food source could cause signifi-
cant losses in valuable offshore fisheries resources. The estuarine systens
are also very inportant to salmenid stocks, which are highly susceptible to
contam nation. Heavy oiling of a |agoon such as Koyuktolik coul d seriously
reduce natural salnon runs (Dept. of Interior, 1976). However, evidence
fromother areas indicates that exposed intertidal and shal |l ow subtidal
systems are generally resilient and recover fairly well follow ng major
spills. Furtherrmore, it appears that the local systens occasionally sustain
wi despread damage from natural catastrophes (earthquakes, red tides), but
nost recover quickly. Disturbances of salnon stocks are not quickly resolved,
however (National Research Council, 1971). In contrast, the effects of an
oil spill on sea otters and marine birds are not analogous to those of
natural catastrophes. Damage to popul ations could be severe and recovery

woul d be slow. This is justifiable cause for great concern over the well-

being of these inportant aninals.
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Appendi x A-1. Species observed on sand bottom on north side of Koyuktolik
Bay, 7/9/76. Corrected depth - 32

| nvertebrates

Echi narachni us parma - common
Elassochirus gilli

Maldanidae, unid. - ~ So/m2
Olivella baetica - abundant
Pagur us ochotensis - conmon
Pycnopodia helianthoides - sparse
Tellina nuculoides - comon

Fi shes

Lept ocottus ar mat us
Pleuronectiformes, unid. - juveniles,
abundant

Substrate: Clean gray nediumsand with little shell derbis, nbderate organic
debris, large ripple marks (5 x 45 cn); shell piles (egesta)
conmmon.



Appendi x A-2.  Species observed al ong south side of xoyuktolikx Bay, 8/ 30/ 76
Water depth 18.9 m

Macrophytes | nvertebrates
Const antinea sinpl ex Elassochirus tenuimanus-uncommon
Cymathere triplicate ? Herm ssenda crassicornis-uncommon
Fucus distichus Hydractini a sp.-uncommon
Laminaria Ssacchari na-domni nant; Metridium senile-unconmon

about 75% cover Pagur us ochotensis=-common

Pycnopodia helianthoides-common
Tonicella lineata-common

Fi shes

Hexagr amps stelleri-common
Sti chaei dae, unid.-common

Substrate: silty cobble/sand bottom no ripple marks, with a considerable
quantity of vegetative debris of marine and terrestrial origin
Laminaria, Cymat here and Fucus appeared to have been inported.
Terrestrial debris included alder |eaves and conifer |eaves and
branches.
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Appendi x A-3.  Species observed in the nussel beds along the entrance channel
to the lagoon, xeoyuktolik Bay, 7/10/76.

Macrophytes
Chlorophyta Rhodophyta Phaeophyta
Cladophora sp. Callophyllis sp. Alaria fistulosa
? Monostroma Sp. Halosaccion glandiforme Alaria spp.
Spongomorpha_Sp. Iridaea |ineare Cymathere triplicate
Odonthalia floccosa Fucus distichus

Por phyra sp.

| nvertebrates Birds
Balanus cariosus Corvus caurinus (northwestern crow)
B. glandula Larus spp. (seagulls)

Collisella pelts

Cucumaria Sp.

Ghori nosphaeroma or egonensi s
Leptasterias ? hexactis
Littorina sitkana

Mytilus edulis

Nucella | i nma




Appendix A-4. Organisms observed in vicinity of xock pinnacle, entrance channel to koyuktolik Lagoon, 7/10/7.

side of Pinnacle
[ nvert ebrates

Abietinaria turgida-reprod.

Acmaea mitra

Anthopleura S[., smal |
Balanus glandula

Chthamalus dalli
Diaulula sandiegensis

? biadumene SP.

Diestothyrus frontalis
biodora aspera

Elassochirus gilli

E. tenuimanus
Eudistylia ? vancouveri
Evasterias troschelii
Flustrella corniculata-on alga
Halichondria panicea
Hippothoa hyalina

Hyas lyrata

Kat harina_tunicata
Metridium senile
Oregonia _gracilis

Serpulidae, unid.
Tealia CIrasSS icornis
Tonicella insignis

Under Rocks
| nvertebrates

Alcyonidium polyoum
Cancer_oregonensis

Cucumaria miniata

Elassochirus gilli~-abundant

E. tenuimanus-~abundant

Fusitriton oregonensis

Lebbeus sp-

Leptasteriag hexactis-sparse

Paralithodes camtschatica

Strongylocentrotus ?
drobachiensgis

Tedania sp.

Bottom on Boul ders
Algae

Agarum cribrosum-on Sides

Alaria sp

Costaria costata

Desmarestia viridis

Laminaria green landica-much
of area with 1p00% coverage

L. setchellii-much of area
wi th 100% coverage

Under Senminarian Canopy
Algae

Constantinea sinpl ex
Corallina vancouveriensis
Delesseria deci pi ens
Encrusting ecoralline al ga
Iridaea lineare

Opuntiella californica

Ptilota filicina
Rhodymenia palmata

| nvertebrates

Abietinaria turgida
Acmaea mitra
Alcyonidium pedunculatum
Diaulula sandiegensis
Elassochirus Spp.
Evasterias troschelii
Halichondria panicea

Modiolus modiolus-uncommon
Ophiopholus aculeata
Oregonia gracilis

Pagurus sp.

Porifera, syconid

porifera, yellow, encrusting
Pugettia gracilis

Pycnopodia helianthoides-very CONMMDN
Serpulidae, unid.

Tealia crass icornis
Tonicella lineata
Volutharpa ampullacea

»-¥
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Appendi x A-5 Abundance of mBj Or macroinvertebrates i n 1/16 nfquadrats from
md-intertidal zone on rock pinnacle in entrance to Xoyuktolik
Lagoon, 7/10/76.

Katharina Tonicella Evasterias
tunicata insignis troschelii
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Appendi x A-6.

Chlorophyta

? Monostroma Sp.

Angiospermae

Zostera narina

A-6

Macrophytes
Rhodophyta

Ahnfeltia plicata
Halosaccion glandiforme

Speci es observed in outer |agoon, Koyuktolik Bay, 7/9/76.

Phaeophyt a

Alaria sp.

Costari a costata
Cymathere triplicate
Laminaria ? saccharin

| nvert ebrates

Astarte sp.

Clinocardium nuttalli
Evasteri as troschelii
Haliclystis sp.-common
Lucuna sp.

Macoma Sp.

Margaritas helicinus

Mopalia sp.
Musculus ? vernicosus

Fi shes

mmmodytes hexapterus (Pacific sand |ance)

Hexagrammos stelleri (White spotted

greenling)

Salvelinus malma (Dolly Varden trout)

Subtrate;:

mud and sand/ gravel

Mya ? arenaria

Mya truncata

Natica sp.

Oregoni a _gracilis
Protothaca St ani nea
Pycnopodia helianthoides
Saxi donus __gi gant ea
Syconi dae, unid.
Telmessus chei ragonus

Tresus capax

Mari ne Mammals

Euhydra lutris (Sea otter)

patches with heavy shell debris.



Appendi x A-7. Species observed in the inner |agoon, Koyuktolik Bay, 7/9/76.

Macrophytes

zostera marina - about 10/m2, in sparse patches.
? Monstrona sp. - sparse

| nvert ebrates

Abarenicola ? pacifica - conmon.

Subst rat e: Silt with sone shell debris.



Appendix A-8. Relative cover and abundance data for Zostera marina and Ahnfeltia plicata in 1/16 m?
quadrats in eelgrass bed in the | agoon at Xoyuktolik Bay, 7/ 9/76.

Transition, Zone of Inner and Quter Lagoon

Zostera
No. of turions 0 0 0 0 0 0 0 0 0 41 27 37 36
Percent cover 0 0 0 0 0 0 0 0 0 90 100 90 100
Ahnfeltia-Per-

cent cover 100 100 100 100 100 100 100 100 100 0 0 0 0
Zostera X *s No. per p2
No. of turioms 21 34 0 0 6 26 0 0 0 0 0 11.4 + 15.9 182
Percent cover 90 100 0 0 40 60 10 90 95 35 50 39.6 + 43. 2%
Ahnfeltia - Per-

cent cover 0 0 100 100 60 40 90 0 0 0 0 53.8 * 48. 4%

M ddl e of Quter Lagoon

Zostera
No. OF turions 31 42 24 33 64 23 35 21 0 45 36 43
Percent cover 100 100 75 100 100 100 100 80 5 100 100 95
Zostera X *+s No. per m2
No. of turions 5 23 30.4 + 16.4 485. 7
Percent cover 20 60 8.11 + 31. 7%
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Appendi x A-9. Turion height data, zostera marina from mddle of outer
| agoon, Xoyuktolik Bay, 7/9/76.

Maxi m m Maxi mum Maxi mum Maximum Maxi mum
Leaf Leaf Leaf Leaf Leaf
Lengt h* Length Length Length Length
(cm) (cm (cm) (cm (cm
61.0 127.0 121.0 122.0 81.0
95.0 100.0 50.0 75.0 104.0
104.0 134.0 99.0 100.0 123.0
63.0 136.0 120. 5 43.0 138.0
128.0 46.0 38.0 126.0 89.0
93.0 129.0 128.0 141.0 103.0
110.0 127.0 137.0 122.0 130.0
124.0 112.0 121.0 123.0 89.0
129.0 139.0 131.0 54.0 97.0
118.0 92.0 129.0 58.0 90.0
139.5 111.0 73.5 128.0 125.5
118.5 114.0 103.0 91.0 103.0
122.0 107.0 134.0 106.0 80.0
130.0 123.0 97.0 129.5 113.0
103.0 107.5 103.0 120.0 123.5
130.0 130.0 118.0 121.5 142.0
120.0 86.0 88.0 120.0 133.0
113.0 81.5 112.0 70.0 84.0
116.0 97.0 113.0 82.5 119.0
121.0 114.0 111.0 98.0 85.0
n = 100
+£s=107.9 £241cm
Range = 38.0 - 142.0 cm

.Length of longest |eaf from upper node.
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Appendi x A-16. Number of turions of zostera marina_in 1/16 nfquadrats in
eelgrass beds of cuter lagoon, Koyuktolik Bay, 8/ 30/ 76

| NNER EDCGE

23 24 27
6 18 23
20 19 36

19

44

54

Average number per 1/16 nfquadrat: X s =275 % 12.5

Estimated density = 440 plant:s/m2

Note: area interspersed with broad channels of ahnfeltia plicata

CUTER EDGE
22 59 35
42 34 39

37 29

E ]
tH+
n

Average nunber per 1/16 nfquadrat:

Estimated density = 61.2 plants/m2

38.3 +£90.7

44

30

21

42

36

39

49
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Appendi X A-n. Turion height data; zostera marina from middle of outer
| agoon, Koyuktelik Bay, 8/30/76.

Maxi mum Maxi mum Maximum Maxi mum Maxi mum
Leaf Leaf Leaf Leaf Leaf
Lengt h* Length Length Length Length
_(em _(em _(em) _(em (cm
231.5 236.0 75.0 178.0 194.0
90.5 144.0 121.0 115.0 160.5
33.0 162.0 164.0 149.0 194.5
171.5 185.0 154.0 212.5 121.5
226.0 194.0 96.0 197.0 89.0
214.0 137.5 162.5 120.0 91.0
222.5 178.0 184.5 117.5 31.5
120.5 206.0 161.0 171.5 146.5
111.0 155.0 168.0 203.0 121.0
187.0 189.5 201.5 186.0 191.0
140.5 179.5 123.5 151.5 182.0
131.0 73.0 169.5 109.0 209.5
173.0 207.0 100. 5 96.5 195.5
230.0 61.0 215.5 157.5 117.5
181.0 166. 5 214.0 248.0 196.5
153.0 149.5 208.0 231.0 177.0
148.5 167.0 218.0 219.0 116.5
183.0 194.0 196.5 149.5 100.0
202.0 152.5 109.0 116.0
120.0 188.5 139.0 113.0
n =299
X £ s =160.0 # 46.3 cm
Range: 31.5 - 248.0 cm

* Length of |ongest |eaf from upper node.
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Appendi x aA-12. Turion height and wet weight data for Zzostera marina fromthe transi-
tion zone between the inner and outer |agoons, Koyuktolik Bay, 7/9/76.

Maxi mum Maxi num Maxi mum Maxi mum

Leaf Vet Leaf Vet Leaf Vet Leaf Vet
Length  Weight Length Vi ght Length Vi ght Lengt h Vi ght
(cm {gm) (cm {gm) (cm -@Q (cm (gm)
98.5 6.73 109.5 5.15 79.0 3.89 117.0 10. 62
130.0 17.21 116.0 5.80 103.5 7.73 115.0 11.00
137.0 14,02 120.5 5.85 80.0 4. 20 49.0 2.10
83.0 3.65 108.0 6. 81 110.0 17.75 106.0 10. 82
90.0 4,53 125.5 8. 45 109.0 3.79 108. 0 10.51
149.0 16. 02 120.5 9.47 67.0 4. 35 111.0 9.48
111.0 3.75 48.0 1.12 43.0 1. 30 146.0 17.23
64.0 2.08 62.0 1.44 97.0 5.06 59.0 3.48
130.0 6. 18 99.0 3.24 73.0 3.13 109.0 16. 10
92.0 4,33 143.0 6. 00 60.0 1.97 42.0 1. 80
99.0 5.13 83.0 2.52 92.0 14. 62 94.0 6. 85
139.5 9.43 59.0 1. 80 84.0 4.08 102.0 7.07
101.0 4. 87 100.0 10. 16 63.0 4.21 46.5 1.13
173.0 26.01 88.0 4.21 28.0 1.07 97.0 5.90
109.0 8.75 80.0 4. 32 46.0 1.44 125.0 13. 86
Mean Plant Height: ¥ £ s = %%5 +30.6 cm

Mean Plant Weight: ¥ £s 6.9 5.2 gm

2
Turion Height range: 28.0 - 173.0 cm



Appendi x A-13. Turion height data; Zostera marina frominner edge of outer
| agoon, Koyuktolik Bay, 8/30/76.

Maxi mum Maxi mum Maxi num
Leaf Leaf Leaf
Length* (cm Length (cm Length (cm
75.5 107.0 94.0
137.0 28.5 186. 5
97.0 108.5 104.0
165.5 92.5 54.0
181.5 188.5 217.0
150. 5 79.0 152.5
179.5 184.5 132.0
170.0 177.0 88.0
199.0 137.0 125.5
77.0 152.0 169. 0
200.0 187.0 37.0
157.5 148.0 52.0
208.0 116.5 151.5
132.5 135.5 152.0
106. 0 ]_75. 0 184. 0
172.5 87.0 37.0
61. 0 190. 0 111.0
200.0 83.5 86.0
163.5 103.5 47.0
76.0 42.5 213.0
77.5 78.0 189.5
212.0 203.0
87.0 67.5

n = 67
X +s=1305z:53
17.

Range: 28.5 - 2

M 11

2 cm
0 cm

* Length of longest |eaf from upper node
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Appendi x A-14. Turion height and wet weight data for Zostera marina from inner [|agoon,
Koyuktolik Bay, 7/9/76.

Maxi mum Maxi mum Maxi mum MaX imum
Leaf et Leaf Vet Leaf Vet Leaf Vet
Length Vi ght Length Veei ght Length Veei ght Length Vi ght
(cn (gm) (cm (gm) (cn (gm) (cm (_gnj
90.0 4,12 103.0 6. 36 44.0 6.35 80.0 5.16
118.5 6. 47 67.0 2.97 42.0 6.18 107.0 8.88
87.0 10. 42 30.0 3.28 35.0 0.98 106. 0 5.48
99.5 5.42 84.0 3.51 33.0 2. 49 32.0 2.28
134.0 18.02 67.0 5.91 45.0 3.46 30.0 3.48
122.0 9.07 100.0 8.83 36.0 1.52 36.0 2.86
87.0 4.60 44.0 1.56 41.0 1.86 27.5 1.59
128.0 10. 21 68. 0 2.95 34.0 1.57 42.0 4.50
68.0 4.49 ‘ 58.0 4.54 33.0 0.92 92.0 4.40
106.0 21. 66 47.0 1.19 36.0 1.30 89.0 4.49
136.0 10. 28 75.0 2.67 44.0 2.33 132.0 9.52
91.0 8. 45 70.0 2.06 116.0 8.99
79.0 4.61 72.0 ° 3.60 105.0 10. 36
- n= 50
Mean Plant Height: X * s = 73.0 % 33.2 cm
Mean Plant Wet-weight: 2 £s =54 £4.1 gm

Range: 27.5 - 13.60 an
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Appendi x A-15. Turion height, wet weight and dry weight data for Zostera marina
frommddl e of outer |agoon, Xoyuktolik Bay, 7/9/76.

Maxi mum Maxi num

Leaf Vet Dry Dry Weight Leaf Vet Dry Dry Weight
Length Veei ght Vi ght Wt Weight Length Viei ght Vi ght Wet weight

(cm (gm) {gm) Rati o (Cm (gm) (gm) Rati o
139.5 8.82 0.90 0.102 107.0 4.15 0.38 0.092
118.5 6.19 0.66 0. 106 123.0 4.69 0.38 0.081
122.0 10.21 0.92 0. 090 107.5 5.13 0. 47 0.092
130.0 8. 32 0.78 0. 094 130.0 4.78 0.41 0. 086
103.0 7.03 0.66 0. 094 86.0 3.43 0.31 0. 090
130.0 8.38 0.79 0. 094 81.5 3.06 0.29 0.095
120.0 8.29 0.79 0. 095 97.0 5.59 0.40 0.072
113.0 9.97 0.96 0. 096 114.0 5.35 0. 47 0.088
116.0 6. 49 0.59 0.091 73.5 2.36 0.18 0. 076
121.0 9.57 0.93 0. 097 103 .0 4.82 0.42 0. 087
111.0 6. 06 0.63 0.104 134.0 8.21 0.69 0. 084
114.0 5.63 0.51 0.091 97.0 2.53 0.17 0. 067

Average Dry \eight/’ Wt Weight Ratio: ¥ £s=10.09 ¢ 0.01



A-16

Appendi x A-16. Data on relationship between turion height and dry weight for

gostera narina frominner edge of outer |agoon,

8/ 30/ 76.

Maxi mum Leaf Length (cm

208.
132.
106.
163.
76.
77.
212.
28.
92.
188.
152.
148.
83.
42.
203.
186.
54,
217.
151.
86.
213.

OOUITOOUITOUIUIOOUTUIUIOUTOUIO U100

Koyuktclik Bay,

Dry Wight (gin)

S N e R R R s

23
37

.44

52
14
24

.98
11
.40
.95
.51

62
22
11
98
95
09
91
62
32

.99
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Appendi X A-17. Relative cover data for Mytilus edulis and Fucus distichus in
outer nussel bed, entrance channel to | agoon, Koyuxtoiik Bay,

7/ 10/ 76.

% Cover* % Cover % Cover % Cover
Fucus Mytilus Fucus Mytilus Fucus Mytilus Fucus Mytilus
At east end of Moving toward 0 85 0 100
bed nort hwest corner 0 90 0 100

bed
0 20 30 50 0 90 0 100
5 70 5 40 0 95 0 100
0 80 0 70 At northwest cor- 0 100
ner, moving south
0 75 0 5 0 95 0 100
0 75 0 40 0 85 0 99
0 50 0 55 0 95 0 95
0 90 0 95 0 100 0 90
0 100 0 95 0 99 0 100
0 95 0 15 0 100 0 100
0 90 0 90 0 100 0 100
0 25 0 90 0 100 0 100
0 60 0 90 0 40 0 100
0 65 0 10 0 25 0 95
0 90 0 15 0 50 0 99
1 85 0 95 0 99 0 100
0 30 0 60 0 60 0 0
0 95 0 80 0 85 0 0

% Cover % Cover % cover % Cover
Fucus Mytilus Fucus Mytilus Fucus Mytilus Fucus Mytilus
At east corner nov- 25 90 0 98 0 100
ing to southwest
corner

0 85 0 100 0 75 0 100
0 50 0 100 0 100 0 95
0 75 25 85 0 75 0 95
0 80 0 75 0 80 0 100
0 40 0 90 0 85 0 100
40 95 0 97 0 85 0 100
60 75 At sout hwest cor- 0 95 0 45
ner noving north
and through center
50 70 0 50 0 100 0 90
0 90 0 75 0 85 0 100
0 100 5 75 0 98 0 70
0 95 2 97 0 90
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Appendi x A-17 (cont.). Relative cover data to Mytilus edulis and Fucus distichus
in outer nussel bed, entrance channel to |agoon, xoyuktoli

Bay, 7/10/76.

% Cover % Cover % Cover % Cover

Fucus Mytilus Fucus Mytilus Fucus Mytilus Fucus Mytilus
10 100 0 85 0 85 0 90
10 80 0 100 0 90 0 65
0 95 0 98 0 100 0 85
0 100 0 98 0 90 0 90
0 90 0 98 0 60 0 80
0 90 0 95 0 90 0 97
0 90 0 95 0 95 0 100
0 50 0 100 0 75 0 65
80 100 0 100 0 70 0 95
0 70 0 100 0 98 0 95
25 70 0 98 0 75 0 95
5 70 0 80 0 15 0 60
0 65 0 40 0 40 0 70
0 75 0 95 0 25 0 75
0 100 0 95 0 65 0 35
0 90 0 98 0 35 0 10
0 80 0 100 0 40 0 30
0 100 0 95 0 25 0 45
0 100 0 98 0 45 0 50
0 100 0 100 0 50 0 30
0 100 0 98 0 40 0 85
0 100 0 90 0 70 0 100
0 80 0 75 0 70 0 100
0 80 0 80 0 40 0 0

Rel ative cover by Fucus: ¥ & s = 1.8 + 8.9%

Rel ative cover by Mytilus: & £ s = 79.6 t 23.9%

* \isual estimates based on haphazard casts with 1/16 m2 quadrat
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Appendix A-18. size data, Mytilus edulis from outer bed on entrance channel
to | agoon, xoyuktolik Bay, 7/10/76.

80 m from upper edge

Sanpl e Sanpl e
Shell No. 1 No. 2

Length (mm Frequency Fr equency Tot al Per cent

cC oo

F OO P WO R MNRNRNOWOUTIRNWR DWOR W NDNONNNO DNOO OO -
.
NOORANOONAEARNNOUIORODODOHOONNWONERL,PEAPRPO OO OCODMN

N
N
OO0 NI RO PPN WEFRE RWO PN WPRDOO PR BERENNOONMNODOO OO

PO ORFRPONOOOCO ONENNPWWRO RFPO WHKOKMMNMNOMNMOOOOO OR

X £ s (mm) 23.3 2 7.4 2.5 £ 7.5 23.8 £ 7.4
n 45 39 84
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Appendi x A18 (Cont.). Size data, _mytilus edulis fromouter bed on entrance
channel to lagoon, keyuktolik Bay, 7/10/76.

150 mfrom upper edge, 10 m from|ower edge

Saml e Sanpl e
Shel | No. 1 No. 2
Length (mm Frequency Freguency Tota 1 Per cent
4 0 1 1 0.8
5 1 1 2 1.7
b 0 0 0 0.0
1 0 0 0 0.0
8 1 1 2 1.7
9 0 1 1 0.8
10 0 0 0 0.0
11 0 0 0 0.0
12 0 1 1 0.8
13 q 2 2 1.7
14 1 2 1.7
15 1 3 4 3.4
16 0 1 1 0.8
17 1 5 6 5.1
18 4 4 8 6.7
19 0 2 2 1.7
20 3 1 4 3.4
21 1 0 1 0.8
22 0 5 5 4.2
23 4 3 7 5.9
24 0 2 2 1.7
25 4 2 6 5.1
26 1 3 4 3.4
27 4 2 6 5.1
28 4 3 7 5.9
29 0 1 1 0.8
30 3 3 6 5.1
31 4 2 5 5.1
32 5 2 I 5.9
33 3 1 4 3.4
“ 34 2 1 3 2.5
35 1 3 4 3.4
36 0 1 1 0.8
37 0 2 2 1.7
38 2 2 4 3.4
39 0 0 0 0.0
40 1 0 1 0.8
41 0 0 0 0.0
42 3 0 3 2.5
43 0 1 1 0.8
44 0 0 0 0.0
45 0 0 0 0.0
46 0 0 0 0.0
47 0 0 0 0.0
48 0 0 0 0.0
49 0 0 0 0.0
50 0 1 1 0.8
X 2 s (mm) 27.2 £ 8.0 24.1 ¢+ 9.3 25.5 ¢ 8.8

n 54 64 118
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Appendi x A-192. Rel ative cover data for _Mytilus edulis and Fucus distichus i n
i nner nussel bed, entrance channel to lagoon, Koyuktolik Bay,

7/10/76.

s Cover % Cover % Cover s Cover
Fucus Mytilus Fucus Mytilus Fucus Mytilus Fucus Mytilus
75 mnorth of 0 0 0 25 100 80
southern tip, At upper edge of 0 5 0 80
movi ng ENE bed, noving due 0 5 80 70
across bhed south 0 10 0 85

100 100 0 40 Movi ng SSW 0 85
100 100 0 0 0 90
10 90 0 0 0 20 0 95
20 60 0 90 0 90 0 0
0 20 0 0 0 75 0 40
0 95 0 70 2 95 0 100
0 50 0 10 0 100 0 100
0 75 0 0 Movi ng west
0 50 40 60 Movi ng west
0 75 0 95 0 100 0 85
0 30 60 60 5 50 0 0
0 70 0 25 0 65 0 90
0 75 0 70 0 70 2 95
1 95 0 25 0 90 0 0
0 60 0 5 0 90 0 25
0 10 0 85 20 90 0 icn
0 10 At SE corner of 40 85 10 65
bed
0 5 Movi ng WBW 0 50 Ended at SW
0 1 0 75 Back at 75 m corner of bed
0 0 0 20 | ocation, noving
south
% Cover % Cover s Cover % Cover
Fucus Mytilus Fucus Mytilus Fucus Myti lus Fucus Mytilus
5 75 15 50 2 55 0 65
5 100 5 40 2 65 0 80
70 100 0 80 15 75 0 75
65 75 60 60 5 70 0 50
75 70 2 55 2 50 0 0
15 60 10 60 0 40 0 35
0 70 0 15 0 50 0 70
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Appendix A-19 (Cont.). Relative cover data for_Mytilus edulis and Fucus distichu
in imer nussel bed, entrance channel to |agoon, Koyuktol

Bay, 7/10/76.

% Cover % Cover % Cover s Cover
Fucus Mytilus Fucus Mytilus Fucus Mytilus Fucus Mytilus
0 40 0 85 10 65 80 75
0 75 15 60 2 65 2 55
0 60 2 90 60 75 2 60
0 40 20 40 0 45 60 60
0 80 0 60 0 45 20 80
0 75 100 80 0 55 0 95
0 60 60 60 0 75 0 75
0 75 10 55 0 85 25 70
0 65 15 50 0 75 20 95
0 50 2 45 15 70 2 70
0 80 50 70 0 60 75 80
0 80 35 55 0 50 0 65
0 65 30 45 0 55 0 100
0 60 50 80 0 70 0 , 95
2 45 20 60 0 55 0 0
0 0 80 65 0 80 65 65
0 80 40 60 0 45 0 0
0 90 75 85 2 55 0 0

Rel ative cover by Fucus: X s =112 % 24.1%
Rel ative cover by Mytilus: ¥ £ s = 58.9 % 29.2%

* \isual estimates based on haphazard casts with 1/16 m2 quadrat.
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Appendix A-20a. Size data, Mytilus edulis, 5 M from south end of tne inner
bed in entrance channel to |agoon, xoyuktolix Bay, 7/10/7s.

Station Station

Shel | No. 1 No. 2
Length (mj Frequency Frequency Tot al 3
5 0 1 1 0.6
6 0 2 2 1.2
7 0 5 5 3.1
8 4 6 10 6.1
9 2 4 6 3.7
10 1 7 8 4.9
11 2 4 6 3.7
12 4 14 18 11.0
13 5 9 14 8.5
14 8 5 13 7.9
15 6 5 11 6.7
16 6 2 8 4.9
17 5 3 8 4.9
18 5 0 5 3.1
19 2 1 3 1.8
20 4 3 7 4.3
21 3 3 6 3.7
22 5 2 7 4.3
23 2 0 2 1.2
24 1 1 2 1.2
25 0 2 2 1.2
26 0 3 3 1.8
27 0 1 1 0.6
28 0 0 0 0.0
29 0 0 0 0.0
30 0 1 1 0.6
31 0 1 1 0.6
32 1 1 2 1.2
33 1 2 3 1.8
34 0 1 1 0.6
35 1 0 1 0.6
36 1 0 1 0.6
37 0 2 2 1.2
38 1 0 1 0.6
39 0 0 0 0.0
40 0 0 0 0.0
41 1 0 1 0.6
42 0 0 0 0.0
43 0 0 0 0.0
44 0 0 0 0.0
45 1 0 1 0.6
46 0 0 0 0.0
47 1 0 1 0.6

164
n 73 91
X t s {mm) 18.3 ¢+ 8.3 15,3 ¢ 7.7 16.7 ¢ 8.1

Approx. No./m2 = 17,826
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Appendi x A-20b. Sjze data, Mytilus edulis, 10 m from south end of the inner bed
in entrance channel to |agoon, Koyuktolik Bay, 7/10/76.

Shel | Shel |
Length Sanpl e Sampl e Lengt h Sampl e Sample
() No. 1 No. 2 Tot al () No. 1 No. 2 To ta:
7 0 1 1 29 0 1 1
8 1 4 5 30 3 2 5
9 1 2 3 31 0 0 0
10 0 7 7 32 2 1 3
11 0 5 5 33 0 0 0
12 4 13 17 34 1 2 3
13 6 18 24 35 1 1 2
14 2 15 17 36 0 2 2
15 1 7 8 37 2 0 2
16 5 4 9 38 3 2 5
17 4 14 18 39 1 0 1
18 3 9 12 40 1 0 1
19 2 4 6 41 0 0 0
20 3 5 8 42 0 1 1
21 ) 2 4 43 1 2 3
29 1 1 2 44 0 0 0
. 23 2 3 5 45 1 0 1
24 2 4 6 46 0 0 0
25 1 4 5 47 0 1 1
26 0 1 1 48 0 2 2
27 0 2 2 49 0 0 0
28 0 2 2 50 2 0 2
n 58 144 202
Z 23.2 18.3
s 10.9 8.7 9.6
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Appendi x A-20c. Size data, Mytilus edulis 30 mfromsouth end of the inner
bed in entrance channe’ to | agoon, Koyuktolik Bay, 7/10/76.

Sanpl e Sanpl e
Shel | No. 1 No. 2
Lengt h (mm) Freguency Freguency Tot al

o

7

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

OO OO0 OOOORROOO R OONOMHEP P OOORPRUIWONPBERPRPONE WRE WWPE PN M
OO OKIERPNMNOOOOREPFPRPMEBEMBRNORPOORPREFEPRPRPONPEPRPRPORDESNNDO O DR
OO O R IPNOOCORARPPFPEFPNNPREOWORMMNRNNEEPNWORW-IRNOWOWWOOO AN —JWRN
OO0 OO ORPROOO0OWOOORFPWONOORPFPOORPRNUIWNOOEF,PONND NOITLWo OO
OO0 WWOWNOOoOOMpODOONNMROODODONNOONORPPMPOONOONOO N, PRROO OO

n 53 64 117
% + s (mm) 18.6 £+ 8.6 20.3 % 10.4 19.6 £ 9.6
Approx. No./n¥ = 12,717
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Appendi x A-20d. Size data, Mytilus edulis 75 m from South end of the inner
bed in entrance channel to lagoon, Koyuktolik Bay, 7/10/76.

Station Station
shel | No. 1 No. 2
Length (mm Frequency Frequ ency Tot al

of

OO0 PO RPRPUIOCOQCUTUICUIOROPFRPOUIUIOCORUJUIOUITON O OO RO O

POWrRrO RO OO WLRRLRPROPRPWOOONRPRPOWORWRRPWAODWWORO WD
o

[
©
COMNNOOCRR OO O OO0 CF, PO, EP,PNOCONO RO RO R HMHEREEOOO WO W
POO PO OO0OONLNOWRONOOOOCO LN, WROOOO WMHMEPRPROO ERFRPNOMNN OO
PO NMRPO RO O RO RRPRPONNOCRL PO NONRERODRPIHEPONRAERNONEPREPNWONMNNNDAO NS
oo oo’

n 31 35
X t S (mm) 25.1°% 12.4  27.3°¢ 10.9  26.2 % 11.6

Approximate No./m2 7,174



Appendi x A-21. Cbservations of predati on at Koyuktolik Bay, 7/9

Pr edat or

BAY
Pycnopodia helianthoides
Melanitta sp.

ENTRANCE CHANNEL
Salvelinus malma (Dolly Varden)
Corvus caurinus (Northwestern
crow
Larus spp. (Qulls)
Evasterias troschelii

LAGOON
Enhydra 1utris (Sea otter)

Prey

Echinarachinus par na

Small clans

Gammari d amphipods

Mytilus edulis
Mytilus edulis
Mytilus edulis

Saxidomus gigantea
Mya truncata

and 7/10/76.

Dept h
(m Nunber
12 1
12 Nuner ous
2 Nuner ous

Intertidal Nunerous
Intertidal Nuner ous

2 4
2 Nuner ous
2 Nuner ous

Type of
Evi dence

Direct
[ ndi rect

Direct
[ ndi rect

| ndi rect
Direct

| ndi rect
| ndi rect

LZ~-Y



Appendi x B-1. Abundance of macrophytes and echinoids in 1/4 niquadrats i n Raft

716/ 76.

Alaria sp.

Cymathere triplicate

Desmarestia spp.

Lam naria ? groenlandica

Nereocystis | uet keana

Phaeophyta, uni d.
(juveniles)

Strongylocentrotus
drobachiensis

Depth (m

Quadr at
1 2 3 4 5 6 7 8
0 0 0 3 4 0 0 0
0 0 0 4 2 0 5 0
2 0 0 6 0 0 4 0
5 15 11 4 6 0 4 0
1 0 0 11 0 0 10 1
6 0 0 25 0 15 21 19
0 0 2 0 0 0 2 0
10.7 10.7 10.7 10.7 10.7 9.1 9.1 9.1

10.

Cove, Chugach Bay,

i
+
n

©
4

+ 1.6

o~
4+

2.1

(6]
+

2.3

(o]
+

5.2

[{e)
i+

4.7

No. per ni
3.5

5.5
6.0
22.5
11.5

43.0

2.0
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Appendi x B-2. Abundance of macrophytes and echinoids in 5 x 1 mquadrats
off Raft Cove, Chugach Bay, 7/6/76.

Quadrats
Speci es 1 2 Tot al No. per ni

Agarum cribrosum 104 42 146 14.6
Laminaria groenlandica 123 46 169 16.9
Pleurophycus gar dneri . 3 5 8 0.8
Strongylocentrotus

drobachiensis 1 0 1 0.1
Habi t at Not es:

Depth (m) 15.8 16.1

Substrate Rock Sand w rock

pat ches



Appendi x B-3. Abundance and relative cover of macrophytes and echinoderms in 1/4 niquadrats off Baft Cove, Chugach Bay in 7.5-13.5 m depths,

1/16/76.
Quadrats
1 2 3 4 5 6 7 8 9 10 11 12 13 R +ts No. Per ni
Agar um cribrosum (N) 2 3 0 0 0 0 0 3 0 3 0 0 0 0.8 £+ 1.3 3.2
Agarum cribrosum(C) 0 0 0 0 0 0 0 40% o 40% 0 0 0 6.2 & 15.0% 0.0
Lam nari a groenlandica(N) 0 0 0 0 2 0 0 2 0 2 4 5 7 1.7 £+ 2.3 6.8
Laminaria groenlandica(C) 70% 0 50% 50% 208 70% 70% 10% 75% 10% 50% 20% 65% 43.1 + 27.3% 0.0
L. yezoensis(N) 0 0 0 1 0 0 0 0 0 0 0 0 0 0.1 0.4
Pleurophycus gardneri (N) 0 2 1 2 4 0 4 0 0 0 3 7 2 1.9 ¢+ 2.1 7.6
Pleurophycus gardneri (C) 0 40% 40% 30% 60% 0 30% o 0 0 40% 60% 15% 24.2 + 23.1% 0.0
Crossast er papposus (N) 0 0 0 1 0 0 0 0 0 0 0 0 0 0.1 0.4
Henricia sp. (N) 0 0 1 0 0 0 0 3 0 0 0 0 0 0.3 +0.9 1.2
Strongylocentrotus_dr oebach- 0 0 0 0 0 1 0 3 1 0 2 0 0 0.5 ¢ 1.0 2.0
S. franciscanus 0 0 0 0 0 0 0 2 0 0 0 0 0 0.2 0.8
Tosiaster arctics 0 0 0’ 0 1 0 0 0 0 0 0 1 0 0.2 0.8

Depth (m 13.5 13.0 12.0 11.0 11.5 10.5 10.5 10.5 10.5 10.5 9.0 9.0 7.5



B-4

Appendi x B-4. Abundance and relative cover of organisms in 1/4 nfquadrats at 30
feet off Raft Cove, cChugach Bay, 7/8/76.

Quadrats

Speci es 1 2 3 X *s

Const ant i nea simplex(C) 0 0 1% 0.3%+ 0.6
Corallina vancouveriengis (C) 5% 2% 0 2.3%+ 2.5
encrusting coralline al ga(Q 50% 70% 55% 58.3% + 10.4
Delesseria decipiens(C) 0 0 1% 0.3% % 0.6
Lam naria ? setchellii (adult)(Q 75% 25% 60% 53.3% ¢+ 25.7
Laminaria ? setchellii (adult)(N) 0 0 4 1.3+ 2.3
Lami naria ? setchellii (juvenile)(N) 0 8 8 5.3 + 4.6
Opuntiella californica(C) 0 2% 0 0.7% + 1.2
Phaeophyta, unid. (juvenile)(N) 0 3 0 1.0 = 1.7
Pleurophycus_gardneri(C) 50% 75% 20% 48.3%  27.5
Pleurophycus gardneri (adult) (N) 0 4 4 2.7 ¢ 2.3
Pleurophycus gardneri (juvenile) (N) 0 1 1 0.7 + 0.6
Abietinaria sp.(C) 1% 10% 15% 8.7 + 7.1
? Aplidium solidum(C) 0 6% 1% 2.3% =+ 3.2
Asteriidae, unid. (small)(N) 0 1 1 0.7 + 0.6
Dendr obeani a murrayana (C) 0 1% 1% 0.7% + 0.6
Het eropora sp. (C) 0 1% 0 0.3%+ 0.6
Margaritas pupillus(N) 0 0 2 0.7 &+ 1.2
Microciona sp.(C) 2% 1% 2% 1.7 + 0.6
Microporina borealis(C 0 15% 5% 6. 7%+ 7.6
Not oacnmea_instabilis(N) 0 1 0 0.3 £+ 0.6
Ophiopholis aculeata (N) 0 0 P

Paguridae, wunid. (N) 3 2 6 3.7 ¢ 2.1
? Rhabdodermella sp. (C) 0 0 2% 0.7 + 1.2
Bryozoa (unid. brown encruster) (C) 3% 3% 0 2.0%+ 1.7
Crucigera SF. (N) 1 0 0 0.3 + 0.8
Synoicum sp. (C) 0 1 0 0.3 + 0.8
Tonicella insignia 2 0 0 0.6 + 1.2
Trichotropi s cancellata(N) 0 0 1 0.3 £ 0.6
Trophon multicostatus (N) 0 1 0 0.3 & 0.8
Tunicate, encrusting orange, social (C 0 0 2 0.6 = 1.2

Extralimital species: Musculus vernicosus sparse on kel ps.

Habitat Notes: Bottom of boulders from 2' to 8 in diameter, up to 10" relief, extend-
ing to intertidal nearby.

Bottom domi nated by Laminaria ? setchellii and Pleurophycus gardneri.
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Appendi x B-5. Abundance and relative cover Of organisms in 1/4 52 quadrats OFf Raft Cove, chugach Bay, 7/6/76.

12 3 4 5 6 7 8 Rts No. per_nt

Agarum cribrosum (C) 20% 0 15% 0 20% 30% O 600 18.1 ¢ 20.3%
Agarum cribrosun [ N) 0 0 0 0 4 1 0 2 0.9 +1.5 3.5
callophyllis sp. (C) 0 0 0 0 10% 2% o 50 2.1 :+ 3.6%
Constantine sp. (C) 0 0 0 0 0 5% o 2% 0.9 +1.8%
encrusting coral line alga(C 0 0 0 Q 80% 70+ B80% 85% 39.4 t 42.3%
Hildenbrandia sp. (C) 0 0 0 0 0 5% 10% 0 1.9 t 3.7%
Lam nar ia greenlandica (O 40% 25%  15% 0 0 40% o 40% 20.0 ¢ 18.7%
Laminaria groenlandica (N) 0 0 2 0 0 2 0 2 0.8 +1.0 3.0
Laminaria sp. (C) 0 0 0 0 0 5% 5% 2% 1.5 & 2.3%
Laminaria sp. (N) 0 0 0 0 0 2 3 6 1.4 £ 2.2 5.5
Odonthalia kamschatica (C) 0 0 0 0 0 0 O 2% 0.3%
Opuntiella californica (C) 0 0 0 0 0 5% 20 0 0.9 +1.8%
Pleurophycus gardneri (C) 0 0 0 15% 40% e0% 75% 0 23.8 ¢ 30.6%
Pleurophycus gardneri (N 0 0 0 1 4 1 4 0 1.3 ¢+ 1.8 5.0
Ptilota Sp. (C) 0 0 0¢ 0 0 2% o 0 2.5 ¢+ 4.6%
Rhodophyta, unid. (f ilamentous) (C) 0 0 0 0 0 62 O 0 0.8 + 2.1%
Rhodymenia pertusae (C) 0 0 10% 0 0 10% 10% 0 3.8 & 5.2%
Acmaea mitra (N) 0 0 0 0 1 0O o0 0 0.1 0.5
Amphissa columbiana (N) 0 0 0 0 0 1 0 0 0.1 0.5
calliostoma |igature(N) 0 0 0 0 P 3 7 0 1.4 £ 2.5 5.5
Campanularia verticillata (C) 0 0 0 0 15% 0 O 0 1.9%
Cliona celata (C) 0 0 0 0 0 0 O 2% 0.3%
pendrobeania ? murrayana (C) 0 0 0 0 5% 0 2% 2% 1.1 + 1.8%
Distaplia SP. 0 0 0 0 206 25% 5% 0 6.3 * 10.3%
Distaplia sp. (N) 0 0 0 0 0 0 O 2 0.3 1.0
Flustrella gigantea (C), 0 0 0 0 5% 5% 10% 0 2.5 ¢+ 3.8%
Fusitriton oregonensis (N) 0 0 0 0 0 1 0 1 0.3 * 0.5 1.0
Henricia sp. (N 0 0 0 0 0 1 0 0 0.1 0.5
Heteropora sp. (C) 0 0 0 0 8% 0 5% 2% 1.9 £ 3. 0%
Margaritas pupillus (N) 0 0 0 0 0 0o 2 2 0.5 4 0.2 2.0
Microcladia Sp. (C) 0 0 0 0 0 208 25% 158 7.5 ¢ 10.7%
Microporina borealis(C) 0 0 0 0 0 25% S0+ 208 11.9 : 18.5%
Musculus vernicosus (N) 0 0 0 0 P 0O O 0 P
Pagurus_sp. (N) 0 0 0 0 3 L o 1 0.6 +1.1 2.5
Placiphorella sp. (N) 0 0 0 0 0 0 O 1 0.1 0.5
Polyplacophora, unid. (N) 0 0 0 0 0 0O O 1 0.1 0.5
Porifera, unid. (orange)(C) 0 0 0 0 0 0 0 58 0. 6%
Puncturella multistriata(N) 0 0 0 0 0 0 1 0 0.1 0.5
Searlesia dira(N) 0 0 0 0 0 1 0 1 0.3 + 0.5 1.0
Serpulidae, unid. (C) 0 0 0 0 0 2% 2% 2% 0.8 &+ 0%
Sertulariidae, five spp. (C) 0 0 0 0 1o 22 10% 2% 3.0 4.4
Strongylocentrotus droebachiensis (N) 0 0 1 0 0 2 0 2 0.6 £0.9 2.5
Strongylocentrotus franciscanus (N) 0 0 0 0 0 0 1 0 0.1 0.5
Tonicella sp. (N) 0 0 0 0 3 3 3 3 1.5 ¢+ 1.6 6.0
Tosiaster arctics 0 0 0 0 0 0 1 0 0.1 0.5
Tricellaria sp. (C) 0 0 0 0 0 2% 0 0 0.3%
Trichotropis cancellata 0 0 0 0 P P P 0 P
Habi tat Notes
Substrate Type: Rock/ Gravel / Gravel / Grave 3/Rock/ Rock/ Rock/ Rock

G avel / Shel I/ Shel I/ Shel |

Shel |
Depth (n) 16.5 16.5 16.5 16.5 15.5 12.0 12.0 12.0

Extralimital Species. Abietinaria filicina (reproductive), Abietinaria turgida, Alaria CriSps, Bonneviella
grandis [reproductive) , calliostoma annulatum, Campanularia verticillata (mature) ,

Odonthalia lyallii, Halecium labrosum (i mMmature), Ptilosarcus QUrneyi, Sertularella
pelyzonias (| mat ure), Clupea harengus (juv. , var 1-2° long), schooling 10 -15 above

al gal canopy, Sertularella polyzonias var. gigantea (i mmature) , sSertularella tricuspidata
(reproductive],_sertularella sp., Nassarius ? mendicus, Nucella || B




Appendi x B-6. Abundance and rel ative cover of macrophytes in 1/4 nfquadrats at northeast point of Raft
Cove, chugach Bay, 7/5/76.

Quadrats

Speci es 1 2 3 4 5 6 7 8 9 10 Xxt+s
Agarum cribrosum (N) 1 0 0 0 2 1 4 0 1 3 1.2 * 1.4
Agarum cribrosum(C) 30% 0 0 20% 60% 60% 15% 2% 25% 10% 22.2 222.4%
Laminaria groenlandica (N) 0 0 0 1 0 0 2 12 5 6 2.6 + 4.0
Lam nari a groenlandica(C) 0 0 0 60% 10% 10% 60% 80% 50% 80% 3.5 *34. 1%
Laminaria saccharin 0 80% 0 0 0 0 0 0 0 0 8. 0%
Pleurophycus gardneri (N) 0 0 0 0 0 0 0 0 0 1 0.1
Pleurophycus gardneri (C) 0 0 0 0 0 0 0 0 0 10% 1. 0%

Depth (m 0.5 10.5 - 9.0 9.5 9.0 9.0 85 85 8.0 9.2m



Appendi x B-7. Abundance and relative cover of rock subs.trate in 0.25 m? quadrats at northeast poi nt
of Rraf t cove, chugach Bay, 7/5/76.

Quadrats
Species 1 2 3 4 5 6 17 8 9 1 o0 R +s

Agarum cribrosum (N) %; 1 3 2 1 0.7
Agarum cribrosum (C) © 20% 10% 15% 70% 308 20% 16.5
Boss ietla sp. (C) 4% 5% 2% 1.1
callophyllis sp. (C) 2% .
Constantinea sp. (O 2% 2 158 15% 5% 2%  15% 5.6+ 6.7%
Delesseria decipiens (C) 2% 0.2%
Desmarestia munda(N) 1 0.1
Desnarestia munda(C) 5% 0.5%
Encrusting coralline al ga (C) 258 70% 60% 300 30% 21.
Hil denbrandia sp. (Q 20% 30% 20%

1.5
7.0
Laminaria groenlandica (N} 1 2 5 2 4 1.4 %
5.0
5.5

Laminaria groenlandica(cC) 25% 15% 40% 30%  40% 15.
L. _saccharin 25% 30%
L. yezoensis (N) 2 0.
L. yezoensis (C) 20% 2
Laminaria Sp. (N) 2 3 0.5
Laminaria sp. (C) 2% 2% 0.4
Microcladia sp. (C) 2% 0
Ralfsia pacific 5% 0.
Rhodymenia pertusas(C) 2% 108 10% lo0s 2% 3.4
Acmaea mitra {N) 2 1 1 0.4
Calliostoma ligatum (N) 1 0.1
Dendr obeani a ? murrayana(c) 2% .
Diodora_aspera(N 1 0.1
Distaplia sp. (Q 5% 5% 1.0 £ 2.1%
Evasterias troschelii (N| 1 0
Flustrella gigantea(C) 2% 0.
0
0

Fusitriton _oregonenei s(N) 1
Heteropora sp. (O 2% %
Microporina borealis(C) 2% 2% 0.4 ¢+ 0.8%
Mopalia sp. (N) 1 0.
Myriozoum ? tenue(C) Ss 0.
Musculus discors (M) 1 0.
M. vernicosus P

0.

0.

0.

Olivella baetica(N) 8
Paguridae, unid. (N) 1 2
Placiphorella sp. (N) 1
Searlesia dira(N) 2
Strongylocentrotus droebach-

iensis (N 1
Ton sp. (N) 3
Trichotropi s cancellata(N)

0.3

T~

Number

/N .
/ C = Relative cover

2

Habi tat Not es:
Substrate 5& S& S& S s, R& R R
S HR R R& Sh S

SH

& R& Rs&
S S

Depth (m 11.5 11.5 11.5 11.5 11.5 10.5 10.5 10.5 10.5 10.5 11.0 £ 0.5

S = Sand
R = Rock
Sh= Shel |
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Appendi x B-8. Density and relative cover of macrophytes in 1/4 n2 quadrats inside
south point at Chugach Bay, 7/5/76.

Quadrat s
1 2 3 4 5 6 7 s No. per m
Speci es
Agarum cribrosum (N) 3 0 0 1 0 0 0 0.6 + 1.1 2.3
Agarum cribrosum(C) 35% 10% 0 25% O 0 45%16.4 + 18.6%
Const anti nea sp.(C) 20% 20% 0 20% 3% 10% 10% 11.9 + 8.4%
Encrusting coralline
alga (c) 0 0 0 20%10% 5% 15% 7.1 & 8.1%
Laminaria groenlandica (N) 2 1 0 2“3 0 0 1.1 £ 1.2 4.6
Laminaria groenlandica (C) 55% 20% 0 10% 75% 10% 0 24.3 £ 29. 2%
Laminaria saccharin 0 0 15% O 0 0 0 2.1%
lLaminaria yvezoensis(N) 0 0 1 0 0 1 0 0.3 ¢+ 0.5 1.1
Lam nari a yezoensis(cC) 0 0 75% 0 0O 25% 0 14.3 £ 28.3 %
Pleurophycus gardneri (N) 0 0 0 0 1 0 0 0.1 0.6
Pleurophycus gardneri(C) 0 0 0 0 25% 0 0 3.6%
Rhodymenia pertusae(C) 0 0 0 10% o 0 0 1. 4%
Rhodymenia pertusae(N) 0 0 0 0 0 0 0
Rhodymenia sp. (C) “ 5% 0 0 0 0 0 0 0. 7%
Habit at Not es: 1 2 3 4 5 [} 7
Depth (n): 12.5 12.5 12.0 12.0 12.0 12.0 12.0
Substrate: Sand, Sand, Sand Rock Rock Sand, Sand,
scat- stat- rock rock
tered, tered,
rock rock

Extralimital i nvertebrate species: Evasterias troschelii, Dernmsterias imbricata,
Fusitriton oregonensis (spawning), Paguridae, wunid.
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Appendi x B-9. Abundance, relative cover and conposition of organisms on
rocks in 1/4 nfquadrats on western finger off southern
headl and, chugach Bay, 7/8/76.
Depth: 21 m
Quadrats

Species 1 2 b3
Agarum cribrosum (N) 0 2 1.0
Agarum cribrosum (C) 0 30% 15. 0%
Encrusting coralline alga (Q 30% 35% 32. 5%
Hildenbrandia Spr. (C) 2% 10% 6. 0%
Menbr anoptera sp. (C) 0 5% 2. 5%
Ptilota sp. (O 2% 5% 3.5%
Abietinaria sp. (Q 15% 10% 12. 5%
Alcyonidium ? pedunculatum (C) 0 1% 0.5%
Campanularia verticillata (C) 2% 0 1.0%
Cryptochiton stelleri (N) 1 0 0.5
Dendr obeani a murrayana (C) 5% 2% 3. 5%
Entoprocta, unid. (C) “1% - o 0. 5%
Flustrella gigantea (O 0" 5% 2. 5%
Henricia leviuscula (N) 1 0 0.5
Het eropora sp. {C) 2% 0 1. 0%
Leptasterias leptalea 1 1 1.0
Margaritas pupillus (N) 1 0 0.5
Microporina bhorealis (O 20% 15% 17. 5%
Qbelia ? loveni (Q) 0 10% 5.0%
Pagurus spp. (2 species) (N 4 3 3.5
Placiphorella sp. (N) 1 0 0.5
Sertularia cupressoides (C) 0 5% 2. 5%
Sertulariidae, (5 species) (Q 5% 0 2. 5%
Strongylocentrotus droebachiensis (N) 1 0 0.5 (juvenile)
Trichotropis cancellata (N) 3 2 2.5
Tubularia sp. (N) 4 5 4.5 (reproductive
TUni Cate, orange enc. {c) 10% 5% 7. 5%

Extralimital Species
Al gae Hi ppot hoa hyalina
Humilaria kennerlyi (Shell only)

Cryptonemia Sp.
Rhodymenia palmata

R_ pertusae

| nvert ebrates

Abietinaria turgida-reproductive

A ? variabilis

Amphissa columbiana

Bougai nvil I'iidae, unid.

Bryozoans, encrusting brown and
encrusting orange

Lafoea fruticosa

Leucosolenia sp.

Mopalia sp.

Musculus discors

Myriozecella plana

Myriozoum ? tenue

Orthasterias koehl eri

O thopyXxi s caliculata-reproductive
Oweniidae, unid.

Pagurus ? caurinus-juvenile

P. ? confragosus-juvenile
Pugettia gracilis
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Appendix B-9 (Cont.). Abundance, relative cover and conposition of organisns
on rocks in 1/4 m? quadrats on western finger off
sout hern headl and, chugach Bay, 7/8/76.

Calycella syringa Sabellidae, unid.

Campanularia speciosa-reproductive Serpulidae, uni d.

C. volubilis-reproductive Sertularella albida-reproductive

Cancer oregonensis S. polyzonias var. gigantea-reproductive
Costazi a_ventricosa Strongvlocentrotus ? pallidus

Cr ossast er _papposus Tonicella lineata

Dendr obeani a -? murravana Trophon multicostatus

Dernasterias imbricata

Eudendrium vaginatum-reproductive Vertebrates

Garvei a_annulata-reproductive

Halecium ? labrosum-imm Cottidae, unid.

Hexagrammos decagrammus

Habitat Notes: Bottom of |ow undulating rock fingers wth boul ders shale,
shell sand and debris interspersed Agarum, Rhodymenia ?
palmata, an encrusting orange colonral tunicate and hydroids
dom nated by cover. Fauna very complex.




Appendi x B-10.

N. of
Raf t
Location Cove
7.5
Speci es Depth (m -9
Agarum cribrosum (N) . 0
Agarum cribrosum (C) o
Ataria sp. (N 0

Constantine sp. (Q
Cymathere triplicate ()
Encrusting corallineaiga(C)
Hildenbrandia Sp. (C)

Laminaria ? groenlandica (N) 21.2

Laminaria ? groenlandica (C) 45
L, saccharin (cC
L. yezoensis (N)
L. yezoansis (C)

Nereocystis luetkeana (N)
Opuntiella californica (C)
Pleurophycus gardneri (N) 20.0
Pleurophycus gardneri (C) 38 n

Rhodymenia pertusae (C)

oo oo

N = nunber of individuals
C = relative cover

w w oo o

W

N. of WN.E. Pt.
Raf t of Raft
Cove _Cove
g.
9 9.5
0 7.0
0 38.8%
0 0
.0.3%
0 0
58.3%

5.2 3.0
53.3% 35%
0 0
0 0
0 0
0 0

0. 718

10.8 0

48. 3% 0
0

Summary of density and relative cover data for the principal

N.E. Pt. N.E. Pt.
Raft of Raft of Raft
Cove Cove Cove
10. 5-
9.1 .5 11.5
0 2.0 0.3
15% 16. 5%
0 0 0
5.6%
6.7 0 0
21.5%
%
5.3 0 5.6
0 15%
40% 5.5%
0 0 0.8
0 2%
14.7 0 0
0
0 0 0
0 0
3. 4%

N of
Raf t Raf t
Cove Cove
10. 5-
11.5 10.7
3.4 0
14. 3%
0 5.6
0 4.8
3.4 32. 8
43. 6%
0
0.6 0
0
0 2.6
5.7 0
17. 1%

N. of

Raf t

Cove
12

4.0
30%

0
2.3%
78. 3%

5.3
26. 1%

45%

%

~N~o~N—ocooo

—wo

macrophyte species in the vicinity of Raft

of

Poi nt

12-
.5

.3
. 4%

0

. 9%

0

1%

0

.6
.3%
1%

1

. 6%
. 4%

N. of
Raf t
Cove

12-
13.5

6.

oo~

o

Cove,

Chugach Bay,

N. of
Raf t
Cove

15-
16.5

3.2
11%

N. of

Raf t
Cove

16

14.6

July 1976.

E. of
Poi nt

21

4.0
15%

32.5%

23
.

OCDCOOODOODODOODODODOO

11-8
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Appendi x B-n. Size data for echinoderns off Raft cCove, chugach Bay in 7.5-16.8
depths, 7/6/76.

Strongylocentrotus droebachiensis - test dianeter’ (mm): 30, 28, 18, 25,21,
35, 23, 19, 29, 25, 17, 25, 30, 26, 18, 25, 25, 20, 30,17, 20, 22, 20,
30, 25, 25, 20, 30, 30, 28, 25, 25, 25, 25, 25, 30, 12, 8,8, 7, 7, 12,
30, 18, 12, 18, 18, 15, 16, 18, 40, 15, 23, 32, 20, 20, 30, 15, 35, 20,
22, X £s=21.97.7mm

S. franciscanus - test dianeter (mm): 20, 33, 22, 28, 22, 18,9, 7, S
19.9 & 8.7 nun.

Asteriidae, unid. - maximumradius (mj): 16, 27, 12, 13, 17, S =17.0
6.0 nm

+

Henricia sp. - maximumradius (nm : 18, 18, 24, 26, 16, 72, 20, 35, 18, 19,
20, 22, 39, 68, ¥ £ S = 29.6 # 18.3.

S=239.3 4%

o
i+

Crossast er papposus - maximum radi us (nmm): 28, 27, 37, 65,
17.7 mm

Pt erast er tesselatus - maxi num radius (mj: 30

-+

Tosiaster arcticus - maximum radius (mm): 19, 20, 27, 27, x +S=23.3 ¢
4.3 mm

Orthasterias koehleri - maxinumradius (mm): 115, 119, 65, 143, 122, 126,
75, 92, 1.5, 120, 70, 100, £ + S = 105.2 ¢ 24.7 mm.

Dernmasterias imbricata - maxinumradius (mm): 80, 120, 115, 85, 109, £+ S =
101.8 # 18.1 mm

Pycnopodia helianthoides - maxi numradius (nm): 22, 105, % = 63.5 nm

Evasterias troschelii - maxi num radi us {(mm): 92.




Appendi x  B-12.
Depth
Quadr at (f1)
1 55
2 55
3 50
4 50
5 50
6 50
7 48
| 48
9 45
10 45
11 45
12 45
13 45
14 45
15 45
16 45
17 43
18 43
19 42
20 42
21 40
22 60
23 60
24 60
25 58
26 55
27 55
28 55
29 55
30 52
31 52
32 50
33 50
34 52
35 55
36 55
X ts

No. per m?

B-13

Abundance of echinoderns in 1/4 42 quadrats off Raft Cove, Cchugach Bay, 7/6/76

Ophiopholisl  Aster iidae Strongylocentrotus! §;l Henricia  Crossaster Pteras
acu.eata unid. (small] droebachiensis franciscanus sp - papposus tessel
5 1
3
5 4
16 7 2
2
1
2
1
5
2
1
X+s = 0. 1+0.4
16 No. per nf=0. 3
1
Eupent
4 ? quir
2 4 1
1
2
1 Dermasterias
Imbricata
2 1
Ot has
koehle
1
1 1
2 1
1
0.9¢29 0.1+£0.2 1.4 ¢+ 3.1 0.1 ¢ 0.2 0.1 * 0.40.1+0.4 0.1 »
3.7 0.2 5.6 0.2 0.3 0.4 0.3
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Appendi x B-13.  Species observed on vertical face of 8 foot high pinnacle off
Raft Cove, Chugach Bay, 7/8/76.

ALGAE-Rhodophyta ARTHROPODA-Crustacea
Encrusting coralline al ga-sparse Balanus nubilis-common, | arge
Rhodynmeni a_pertusae Elassochirus gilli-common
E._ _tenui manus- conmon
PORIFERA Oregonia gracilis
Pagurus beri nganus
Leucosolenia Sp. P. kennerlyi
? Scypha sp.-common Pugetti a gracilis
Wi t e saccate sponge- conmon
G ay globose sponge-conmon ECHINODERMATA
CNI DARI A- Hydr ozoa Dernasterias imbricata
Henri ci a leviuscula-common
Abi etinari a spp.-abundant Ophiopholis aculeata
Campanularia verticillata-common Othasterias koehleri-sparse
C_integra
Garveia annulata-common BRYOQZOA
Tubularia sp.-common
aisis sp.
CNIDARIA-Anthozoan Costazia ventricosa
Het er opora_sp.
Tealia crassicornis M croporina borealis-75% cover
Myriozoella plana
ANNELIDA~Polychaeta Encrusting brown _bryozoan
Crucigera Sp. CHORDATA-Tunicata
MOLLUSCA Boltenia ? villosa-common
Didemnum sp.-common
Cadlina | ut eomar gi nat a- sparse Met andr ocar pa taylori
Calliostoma | i gature-conmon Orange social colonial tunicate
Crepidula nummari a
Cryptochiton stelleri-sparse CHORDATA-Pis cesS
Fusitriton Oregonensis-sparse
Lepi dozona nertensii Hexagrammos decagrammus

Margaritas sp.-common

Musculus discors

Tonicella insignis
T lineata




Rel ati ve coverfor epibiotic organisns in 1/16 n? quadrats on Dick’s Head, near the outer sdge of the shelf, at the head of West Arm, Port

Appendix C 1.

6/ 30/ 76.

Di ck,
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Appendix C-1 (Cont.). Relative oover for epibiotic organisns in 1/16 n? quadrats on Dick’s Head, near the outer edge of the shelf, at the head of West
Arm Port Dick, 6/30/76.

Quadrats Hi gh Intertidal

Species 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 Xts
Alaria sp. 0 O 0 0 0 0 0 0 0 0 0 0 O 0 0 0 3.8 * 12.8%
Cost ari a_costata 0O O 0 0 0 0 0 0 0 0 0 0O o 0 0 0 0.2 £ 1.2%
Cryptosiphonia_woodii 0 O 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0.3 +1.4%
Enteromorpha sp. 0 O 0 0 0 0 0 5 5 0 25 2 0 0 0 0 0.8 t 3.3%
Fucus distichus 75 100 100 100 100 80 70 30 30 25 35 70100 30 75 100 57.8 ¢+ 32.1%
Gigartina papillata 0 O 0 0 0 0 0 0 0 0 0 0 O 0 0 0 1.0 £ 3.2%
Halosaccion glandiforme 0 O 0 0 0 0 0 0 0 0 0 0O O 0 0 0 2.0 £ 5.6%
Rhodophyta, unid.

(f ilamentous) 0O O 0 0 0 2 15 0 0 0 0 0 O 0 0 0 4.2 £ 10.1%
Rhodymenia palmata 0 O 0 0 0 0 3 0 0 0 0 0 O 0 0 0 3.7 * 4.8%
Scytosiphon lomentaria 0 O 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0.1* 0.3%
spongomorpha sp. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5.3 ¢+ 10.5%
? Ulva sp. 0 0 0 15 715 0 5 0 2 0 0 O 0 0 0 12.8 + 16.9%
Balanus ? glandula 20 5 5 210 50 40 5 10 2 5 2 7 0 5 45 4.6 + 9.7%
callophyllis sp. 0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.1 % 0.4%
Gloiopeltis furgata 0 O 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0.4 + 2.5%
Mytilus edulis “ 0 5 15 2 10 10 2 5 0 95 2 2 5 0 0 0 8.4 ¢+ 23.8%
Littorina sitkana 5 0 5 3 3 0 2 0 0 0 2 2 2 2 2 5 0.6+ 1.3%

[ o]
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Appendi x C-2. Species observed intertidally on Dick’s Head at the head of West Arm,

port Dick, 6/30/76.

MACROPHYTES
CHLOROPHYTA RHCDOPHYTA

Agardhiella tenera
Enteromorpha intestinalis Crypt osi phoni a  woodi i

Cladophora sp.

Spongonor pha sp. G gartina papillata
? Uva spr. Gloiopeltis furcata
Urospora ? penicilliformis

Halosaccion glandiforme

Odonthalia floccosa

Polysiphonia ? pacifica

Por phyra sp.
Rhodymenia pal nata

| NVERTEBRATES

Bal anus ? glandula Lacuna ? variegata
Collisella pelts Littori na scutulata
Ghori nosphaer oma__or egonensi s L. sitkana
Halichondria pani cea

Modiolus modiolus

FI SHES

Hi gh cocksconmb (anoplarchus purpurescens)

Crescent gunnel (Pholis laeta)
Ri bbon prickleback (Phytichtys chirus)

SEA BI RDS

Doubl e-crested cornorant (Phalacrocorax_auritus
Bl ack-1 egged kittiwake (Rissa tridactyla)
White wi nged scoter (Mel anitta deglandi)

MARI NE_ MVAMVALS

Sea otter (Enhydra_lutris)
Har bor seal (Phoca vitulina)

PHAEOPHYTA

alaria ? crisps
Costaria costata
Desmaresti a aculeata
D._ viridis

Fucus di stichus
Laminaria saccharin
Scytosiphon lomentaria
Soranthera ulvoidea

Mytilus edulis

Nereis sp.

Not oacnaea scutum
Protothaca Stam nea
Telmessus cheiragonus




Appendi x C- 3.
West Arm Port Dick, 6/30/76 and 7/1/76.

Low Fucus zone

Wet weights of marcophytes in 1/16 w2 quadrats from a transect around Dick’s Head, at the head of

Hi gh Fucus Zone

Om 3m 9 m 12 m 12
a b a b a b al b a b £+s (gin
Chlorophyta, unid.

(filamentous) 46. 6 10.3! 0 14.1 79.9 0 0 0 0 5.4 0 14.2 + 25.8
Fucus di stichus 257.7 11.4 201.3 134.0°83.43 36.0 340.7 1099.0 1217.0 33.7 32.1 313.4 # 431.3
? Ulva sp. 17.0 31.7 30. 8 26.1 0 0 0 0 0 2.8 0 .8 1 13.6
Rhodophyta, unid.

(foliose) ~ 1.0 3.2 53 8.0 0 0 0 0 0 0 0 1.6 = 2.7
Rhodophyta, unid.

(filamentous) 0 trace 1.0 0 trace 0 0 0 0 0 0 trace
Phaeophyta, unid.

(ribbob-1like) O trace 0 0 0 0 0 0 0 0 0 trace
Paheophyta, unid.

(filamentous) 0 0 29.1 18.8 0 0 0 0 0 0 0 4.4 3 10.0

Total Wet
Wei ght (gin) 322.3 56.6 267.5 202.0 163.3 36.0 340.7 1099.0 1217.0 41.9 32.1 343.5 % 419.2

Mean Wet Wi ght per

Quadrat (gin) 189. 4 234.8 188. 4 1158. 0
Mean Wt Wi ght
Quadrat (gin) 3,030 3,757 2,613 3,014 18,528

YW th numerous
Smal | plants,
Smal | plants,

smal | Mytilus, perw nkles or
heavy al gae grow h.
covered with heavy filamentous al gal

l'i npets included.

grow h.

37.0

592



Appendi x c-4. Abundance of limpets (Acmaeidae) i N 1/4 m2 quadrats in Fucus
zone, Dick’s Head, West Arm port Dick, 7/1/76.

Low Md Hi gh
Fucus Fucus Fucus
Zone Zone Zone
4 21 5
4 7 9
6 8 4
3 24 3
X t s: 4.3 £ 1.3 15.0 + 8.8 5.3 ¢ 2.8
No. per m?: 17 60 21



“ C'7

Si ze data for Mytilus edulis from Dick’s Head, wWest Ann,

O m Zone (High Intertidal)

=

2

oo N O O

RPONMMWARRMRNEREOANRO DN —

233
18.0 £ 8.4
35%

Appendi x C- 5a.
Port Dick, July 1976.
Shel |
Length (mm_ No. 1
2 1
3 1
4 2
5 9
6 17
7 28
8 21
9 17
10 15
11 16
12 19
13 7
14 7
15 6
16 3
(17 12
18 9
19 10
20 15
21 9
22 9
23 8
24 11
25 11
26 4
27 2
28 3
29 2
30 2
31 0
32 0
33 0
34 2
35 1
36 0
37 0
38 1
39 0
40 0
41 0
n 280
X s (mm) 14.4 ¢ 7.3
Rel ative cover 50%
No . /nf

Tot al

1

1

4
13
23
36
29
33
28
21
29
17
17
20

9
19
15
18
23
18
21
20
22

N
-

-
HOMNMNMMNMNWPAPPRPDWEROIOON IS

513
16.0 £ 8.0

4,104
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Appendi x ¢-5b (Cont.) Size data for Mytilus edulis fromDick’s sead, Vst
Arm Port pick. July 1976.

Shel | 3 mZone (Hgh Intertidal)
Length (nm No. 1 No. 2 Total
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n 117 143 260

X %+ s {(mm) 29.3¢7.8 31.3* 7.0 30,4 £+ 7.4
Rel ative cover 45% 50%

No./m? 2,080
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Appendi x ¢-5¢ (Cont.). Size data for Mytilus edulis from Dick's Head, West
Arm Port, Dick, July 1976.

Shel | 3 Mzone (Hi gh Intertidal)
Length (mm No. 1 No. 2 Total
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— OO O Ul O RN
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n 215 247 462
%+ s (mm) 36.9 ¢+ 10.0 36.7 £ 8.9 37.3 ¢+ 9.4
Rel ative cover 80% 90%

No./m2 2,696



c=-10

Appendi x C-5d (Cont.) Size data for Mytilus edulis from Dick’s Head, west
arm, Port, Dick, July 1976.

Shel | 12 m zone (Hi gh Intertidal)

Length [mm No. 1 No. 2 Tot al %
5 3 1 4 0.4
6 2 2 4 0.4
7 2 3 5 0.5
8 7 8 15 1.4
9 10 7 17 1.6

10 4 12 16 1.5
11 1 5 6 0.6
12 6 11 17 1.6
13 8 12 20 1.8
14 4 14 18 1.7
15 6 21 27 2.5
16 6 26 32 3.0
17 20 15 35 3.2
18 3 21 24 2.2
19 2 10 12 1.1
20 10 26 36 3.3
21 4 18 22 2.0
22 12 20 32 3.0
23 13 17 30 2.8
24 6 19 25 2.3
25 17 29 46 4.2
26 17 25 42 3.9
27 21 14 : 35 3.2
28 25 20 45 4.1
29 9 5 14 1.3
30 33 25 58 5.3
31 14 8 22 2.0
32 33 13 46 4.2
33 26 12 38 3.5
34 13 14 27 2.5
k1 40 17 57 5.2
36 12 14 26 2.4
37 31 15 46 4.2
38 22 9 31 2.9
39 3 11 14 1.3
40 14 23 37 3.4
41 1 14 15 1.4
42 11 13 24 2.2
43 3 7 10 0.9
44 3 6 9 0.8
45 4 13 17 1.6
46 4 8 12 1.1
47 1 5 6 0.6
48 3 2 5 0.5
49 0 2 2 0.2
50 1 1 2 0.2
51 0 2 2 0.2
52 0 0 0 0.0
53 0 0 0 0.0
54 0 0 0 0.0
55 0 1 1 0.1

n 490 596 1,086

x ¢ s (mm) 28.8 + 9.3 26.7 ¢+ 10.6  27.7 # 10.1

Rel ative cover 95% 95%

No./m? 8, 688



Appendix C-6. Data for relationship between shell |ength, whole wet weight, and wet and dry tissue weights for Mytilus edulis from Dick’s
Head, st Arm Port Dick, 7/1/76.

Whol e Vet Dry Whol e et Dry
shel | Vet Tissue Ti ssue Wet Vi ght: Dry Wi ght: Shel | Vet Ti ssue Ti ssue Vet Wi ght Dry Wéight:
Le _th Vi ght Vi ght Wei ght Vol e Vi ght Vet weight Length Wei ght Wi ght Wei ght  Wol e Wi ght Wet Wi ght
{mm) (gqm) (qm) (gm) Ratio Rati o (mm ) Al Q @aQ (gm) Rati o Ratio
44.0 3.58 1.59 0.34 0.44 0.21 “52.0 9.63 3.71 0.65 0.39 0.18
51.0 5.69 2. 65 0.53 0.47 0.20 44.0 4.82 2.32 0.38 0.48
46.0 7.49 3.09 0.49 ,0.41 0.16 45.0 7.38 2.73 0.37 0.37 0.14
40.0 3.31 1.65 0.34 0.50 0.21 50.0 7.55 2.87 0.43 0.38 0.15
32.0 2.18 0.93 0.26 0.43 0.20 41.0 4.17 2.00 0.40 0.48 0.20
41.0 4.45 2.21 0.39 0.50 0.18 40.0 3.89 1.95 0.37 0.50 0.19
49.0 6.91 3.29 0.59 0.48 0.18 45.0 6. 65 2.56 0.52 0.39 0.20
41.0 3.26 1.27 0.29 0.39 0.22 40.0 4.85 2.12 0.38 0.44 0.18
52.0 6. 26 2.95 0.55 0. 47 0.19 44.0 6. 34 2.90 0.40 0.46 0.14
40.0 4,91 1.66 0.24 0.34 0.15 49.0 10. 24 3.69 0.57 0.36 0.15
50.0 6. 87 2.60 0.51 0.38 0.20 41.0 4,12 2.11 0.38 0.51 0.18
34.0 3.27 1.31 0.25 0.40 0.19 44.0 4.76 2.64 0.41 0.56 0.16
39.0 4,36 1. 62 0.29 0.37 0.18 43.0 5.90 2.48 0.42 0.42 0.17
37.0 3.62 1.39 0.28 0.38 0.20 39.0 3.22 1.54 0.30 0.48 0.19
48.0 6. 36 3.21 0.53 0.51 0.17 39.5 4.09 1.99 0.37 0.49 0.19
41.0 4.42 2.22 0.43 0.50 0.19 32.0 2.05 1.01 0.21 0.49 0.20
47.0 4.80 2.38 0.37 0.50 0.16 37.0 4.42 1.99 0.33 0.45 0.17
40.0 3.79 1.56 0.30 0.41 0.19 35.0 3.53 1.39 0.24 0.39 0.17
38.0 3.10 1. 40 0.22 0.45 0.16 36.0 3.53 1.79 0.29 0.57 0.16
45.0 7.38 2.45 0.35 0.33 0.14 27.0 1.51 0.72 0.13 0.48 0.18
39.0 4.16 1.50 0.23 0.36 0.15 38.0 3.20 1.66 0.31 0.52 0.19
46.0 4,82 2.64 0.44 0.55 0.17 22.5 0.91 0. 47 0.10 0.52 0.21
38.0 2.80 0.73 0.22 0.26 0.30 27.0 1.63 0. 80 0.14 0.49 0.18
40.0 5.50 2.01 0.37 0.36 0.18 16.0 0.37 0.18 0.06 0.49 0.33
35.0 2.59 1.26 0.28 0.49 0.22 19.0 0.72 0.28 0.06 0.39 0.25
% 0. 44 0.19

11-3
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Appendix CG-7.  Species observed subtidally around Dick’s Head at the head of

West Arm, Port bick, 7/3/76.

ANGIOSPERMAE

Zostera nmarina

MACROPHYTES
RHODOPHYTA PHAECPHYTA
Constantine sinplex Agarum cribrosum
C. subulifera Alaria sp.
Corallina Sp. Fucus distichus
Gigartina spp. Laminaria groenlandica
? Lithotham ium sp. L. yezoensis
Phycodrys sSp.
? Prionitis sp.
Rhodoglossum af fi ne
Rhodophyt a, unid.
Rhodymeni a_sp.
| NTERTEBRATES
Clinocardium nuttalli Mya arenaria
Coryphella sp. M_ truncata
Hydroi da, unid. Mytilus edulis
Macoma_Spp. Protothaca St ani nea
Musculus Verni cosus
Fl SHES

Ammodyt es hexapterus (Pacific sand |ance)
Hexagrammos stelleri (white-spotted greenling)
Microgadus proximus (Pacific tomecod)
Pholididae, unid. (light brown)

Pholis | aeta (crescent gunnel)
Pleuronectiformes, unid. (flatfish)
Stichaeidae, unid. (Prickleback)

Serpulidae, unid.
Saxi domus gigantea
Telmessus cheiragonus

Tresus capax
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Appendi x C-8. Abundance of sone dom nant nacroinvertebrates in subtidal
quadrats on Dick’s Head, Port pick, 7/1/76.

Speci es Nunber per Quadrat Tot al No. per n?
Evasterias troschelii 46 20 17 29 112 1.12
Chiridota sp. 13 --* - 7 20 0. 50
Cancer magister 4 0 0 0 4 0.04
Strongylocentrotus

drobachi ensi s T R 53 53 5.30
Quadrat area (m?) 30 30 30 1o 100

*-- indicates the gspaces was not counted.
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Appendix CG-9 (Cent. ) . Line contact data from shell at head of West Arm, port Dick, 7/1/76.

Zostera narina ? Ulva sp. Mytilus edulis G avel
Transect No. Line Di st ance Line ‘Distance L i n e Disfance Li ne Dis
and_Length Contact (m (m Contact (m Contact (m (m) Cont act (m
9- 30m 15.4 -16.1 0.5 3.2- 6.2 3.0 0.0- 3.2 3.2 None
7.5-11.0 3.5 6.2- 7.5 1.3
14.4-15.4 1.0 11.0-14.4 3.4
16.1-17.5 1.4 17.5-23.0 5.5
23.0 -26.0 3.0 26.0 -29.2 3.2
29.2 -30.0 0.8
Total 0.5 12.7 16. 6
% Cover 1.7 42.3 55.3

Overal | Cover: 10.7% 65. 5% 23. 4%
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Appendix 10. Size data, Evasterias troschelii from outer edge of shelf
at head of West Arm Port Dick, /7/1/76.

Radi us _(mmj * Radi us (nm) Radi us (nm) ‘Radi Us (mm) Radi us (nm
35 30 50 30 25
35 35 84 92 90
30 30 40 55 112
25 20 125 18 40
18 40 32 28 38
22 30 22 50 57
25 22 30 36 88
25 25 38 17 28
45 9 0 58 92 28
30 70 28 90 28
35 42 30 15 20
28 40 25 52 16
40 25 25 52 18
60 43 15 90 40
23 19 20 130 115
20 20 22 111 28
25 40 20 72 40
70 30 23 44 18
20 15 20 20 28
48 25 25 50 57
60 45 30 20
30 17 18 118
25 22 25 63

11

]

n =
X ts=41.2 +27.0 mm

«Muth to tip of

| ongest

ray



Appendi x €=-11. Abundance and relative cover of nmjor epibiotic organisms in 1/4 nfquadrats on the outer edge of the shelf at the head of
West Arm, Port Dick, 6/30/76.

Quadrat Numbers

Species 1 2 3 4 5 6 7 8 9 10 11
Costaria costarum (O 0 0 0 0 0 0 0 0 0 0 0
Desmarestia viridis (O 0 0 0 0 15% 0 0 0 0 0 2%
Lani naria_saccharin_ (N) 0 0 0 0 0 0 0 0 0 0 0
Laminaria saccharin (c) 25% 0 0 25% 20% 0 30% 0 0 0 60%
Rhodophyta, uni d. (filamentous) (C) 0 0 10% 0 0 0 0 0 0 0 0
? ylva sp. (C) 0 10% 0 0 10% 0 0 30% 0 0 0
Zostera marina (O 90% 95% 90% 70% 40% 10% 15% 20% 10% 306 30%
Pycnopodia helianthoides (N) 0 0 0 0 0 0 1 0 0 0 0
Telmessus cheiragonus (N) 2 0 0 0 0 0 0 0 0 0 0
Algal debris (c) 0 0 0 5% 0 80% 60% o 60% 25% 0
Subst rat e: sof t sof t sof t sof t sof t sof t sof t soft  sSoft silt silt, Silt

light silt  light li ght
shel | shell de-~ shell
rs

Depth (m: 12.5 12.5 12.5 12.5 12.5 12.5 12.5 13 13 13 9

LT=D



Appendi x c-n (Cont.). Abundance and relative cOver of major epibiotic organisms in 1/4 m2 quadrats on the outer edge of the shelf at the
head of West Arm Port Dick, 6/30/76.

Quadrat Nunbers

Species 12 13 14 15 16 17 18 19 20 +s
Costaria costarum (O 5% 0 0 0 0 40% 0 0 0 2.3 & 8.0%
Desmarestia viridis (O 75% 60% 0 60% 20% 0 0 20% 0 12.6 + 23. 7%
Lami naria_saccharin (N 0 0 0 1 1 0 0 0 0 0.1 * 0.3
Laminaria saccharine (O 20% 25% 40% 25% 80% 0 20% 80% 25% 23.8 ¢+ 25.1%
Rhodophyta, unid. (filamentous) (C) 0 0 0 0 0 0 0 0 0 0.5%

? Ulva sp. (c) 0 0 0 0 0 0 0 0 0 2.5 2 7.2%
Zostera marina (C) 0 0 0 0 0 0 0 0 0 13.8 1 12.1%
Pycnopodia helianthoides (N) 0 0 0 0 0 0 0 0 0 0.05; 0.2/m?
Telmessus cheiragonus (N 0 0 0 0 0 0 0 0 0 0.1, 0.4/m?
Al gal debris (Q 0 0 0 0 0 10% 10% 0 20% 13.5 £ 24.3 %
Substrat e: silt Silt Silt gra- Silt Silt Silt/shell Sand Gavel/ Gave 1

vel shell shell  sand

Depth (m: 9 9 9 8 8 6 6 6 5

8T1-2
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Appendi x C12. Nunber of turions of Zostera marina in 1/16 niquadrats in the
selgrass bed at the head of west Arm Port Dick, 8/31/76.

Turions per Frequency at |nner Frequency at CQuter
Quadrat Edge of Bed Edge of Bed

—

-
w O oo Nool B~ wiN O

= =
OFRPOFRP NORPMFORFRPRPRPMUIUINDNEFPOERNORFRLDN NN O

HOOORPRFRPOORPRPOORKMEPEPERABROW

Average No. per 1/16 nf: X *s 6.8 * 5.2 6.7 ¢ 4.23
Estimted Density 109/m? 108/m
No. of quadrats 94 87
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Appendi x C-13.  Turion height data, Zostera marina, inner edge of bed, West
Arm Port Dick, 8/31/76

Maxi mum Maximum Maximum . Maxi mum
Leaf Leaf Leaf Leaf
Length * Length Length Length
(cm (cm (cm (cm
142.0 216.5 152.5 234.5
111.0 121.5 200.5 224.5
51.5 165.0 194.5 197.0
44,5 217.5 200.0 207.0
101.0 182.5 81.0 198.0
97.0 191.0 209.0 227.0
198.0 193.5 151.5 92.0
158.5 145.5 211.5 201.0
235.5 182.5 99.0 125.0
169.0 214.5 81.5 145.0
206.5 189.0 85.0 186.0
201.0 35.5 187.5 188.0
59.0 144.0 77.5 186.5
220.0 144.0 202.0 70.5
214.0 143.0 103.0 145.5
225.0 127.5 170.5 87.0
214.5 274.0 38.5 230.0
233.5 250.5 198.0 236.0
97.0 198.0 44.0 218.0
210.5 227.5 134.0 167.5
153.5 233.5 97.0 144.0

81
§ = 164.1 £ 58.3 em

5 =]
1 1l

* Length of longest |eaf from upper node.
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Appendix C14. Turion height data, Zostera marina from outer edge of bed,
West Arm Port Dick, 8/31/76.

Maxi mum Maxi mum Maxi mum Maximum Maximum
Leaf Leaf Leaf Leaf Leaf
Lengt h* Lengt h Lengt h Length Length
(cm (cm (cm (cm (cm
23.5 154.0 55*5 90.5 118.5
98.0 238.5 132.5 134.5 64.5
196. 5 28.0 179.0 88.5 137.0
190. 5 141.5 164.5 137.0 119.5
145.0 214.0 174.5 110.0 137.0
192.0 178.0 104. 5 88.5 64.5
170.0 120.0 73.5 216.5 66. 0
147 .5 221.5 126.0 112.5 145.0
191.0 48.0 76.0 23.5 155.0
253.5 206. 5 60.0 34.0 152.5
99.0 175.0 135.5 56.0 155.0
40.5 85.0 23.0 33.0 191.5
103. 5 176.5 73.5 138.0 213.5
168. 5 206.0 152.0 142.5 224.5
118.5 13.5 147.5 126.5 230.5
96.0 164.5 94.0 60.0 267.0
138.5 91.5 73.0 149.0 208.5
23.0 35.0 26.0 136.5 262.0
132.0 104.0 13.5 86.5 176.5
139.5 125.0 87.5 55.5 232.5
179.5 69.0 51.5 134.0 255.0
194.5 175.5 31.5 94.0
167.0 36.5 19.5 186.0
170.5 213.5 59.5 196.0
49.0 135.5 76.5 91.0

12
s

n =

n =
Xt 126.4 £ 63.9 cm

* Length of longest leaf from upper node.
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Appendi x C-15. Turion height and dry weight data for Zostera narina from outer
edge of bed, West Arm Port Dick, 8/31/76.

Maxi mum Leaf Maximum Leaf

Length Dry Weight Length Dry Weight
(cm (gin) (cm (gin)
23.5 0.08 141.5 0. 45
196.5 1.61 48.0 0.29
190.5 1.70 206.5 1.85
145.0 0.68 85.0 0.24
192.0 1.85 206.0 2.54
147.5 0.80 13.5 0.01
191. 0 1.24 91.5 0.39
253.5 2.36 35.0 0.18
99.0 0.31 104.0 0.25
40.5 0.05 213.5 3.26
103.5 0.26 55.5 0.18
96.0 0.24 104.5 0.29
23.0 0.17 152.0 1.43
139.5 0.94 147.5 1. 30
194.5 2.27 94.0 0.33
49.0 0.32 51.5 0.08
154.0 0.84 19.5 0.09
238.5 3.35 59.5 0.17
28.0 0.09 90.5 0. 26
262.0 2.89
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Appendi x G- 16.  Abundance of Laninaria saccharin and Pycnopodia helianthoides
in quadrats on slope at outer edge of shelf, West Arm Port

Dick, 7/1/76.
Quadr at Laminaria Pycnopodia
Depth (m Size (nt) saccharin helianthoides

12.2 10 4 2
10.7 10 3 1

7.6 10 13 0

6.1 5 3 0

4.6 5 19 2

3.7 5 57 2

7.6 10 --* 2

6.1 10 -- 0
Tot al 99 9
No. per nf 2.20 0.14

* No data
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Appendi x C-17. size data for Pycnopodia_helianthoides from sl ope at edge
of shelf at head of West Arm, Port bick, 7/1/76.

Radi us (mm* Radi us _(nm Radius (mm)
130 90 110
65 140 300
270 60 110

X s = 141.7 & 85.8 mm

* Mouth to tip of longest ray.



appendix C-18. Extralimital species observed on the outer slope of the
shelf at the head of West Arm Port Dick, 6/30/76.

| nvert ebrates Fi shes

Cancer nmgi ster Cottidae, unid.
Macoma SP- Snake prickleback

(Lunpenus _sagitta)

Metridium senile

Prot ot haca stani nea

Pycnopodia helianthoides

Telmessus cheiragonus -
mated pair
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Appendi x D-1. Species observed at cChugach Bay.

, Dates (nserved
Speci es 9/11/75Y 9/12/75 7/5/76 7/6/76 7/8/76

ALGAE~Chlorophyta
? Monostroma Sp. X X

ALGAE-Phaeophy ta

Agarum cribrosum (adults) X X X X’ X
Agarum cribrosum (juv.) X
Alaria crisps X
A. marginata X X
Alaria sp. 1/ e 74 X
Costaria costata X
Cymathere triplicate X X X
Desnaresti a munda X
D_viridis X X
Desnarestia sp. X
Fucus distichus X
Lam nari a groenlandica
(adul ts) X X X X
Lam nari a groenlandica
(juv.) X
L. saccharin X
L. setchelii X
L. ? sinclairii X
L. yezoensis X X
Lam naria sp. X X
Ner eocysti s luetkeana X X X
Pleurophycus gar dneri X X X X X
Ralfsia pacifica X
Phaeophyta, unid.
(Fuv.) X

ALGAE-Rhodophyta
Bossiella sp. X
Callophyllis edentata
Callophyllis sp. X
Const antinea sinpl ex
C. subulifera
Constantinea sp. X X
Corallina ? officinalis
C. vancouveriensis
Coralline spp., encrusting
Crypt onenia_sp.

Del esseria_decipiens
Halosaccion glandiforme

Hi | denbr andi a sp. X
[ridea lineare

x

X X X X
X
X

x

X X X X
X X X X

X X X X X X X X
X




Appendi x D=1 (Cont. )

D2

Speci es observed at Chugach Bay.

Dat es (nbserved

Speci es 9/11/75—1-/ 9/12/75 7/'5/76 7/6/76 7/8/76

Membranoptera
Microcladia sp.
Odonthalia floccosa
O_ kanchatica
0. lyallii
Opuntiella californica
Polysiphonia sp.
Porphyra sp.
Ptilota filicina
Ptilota sp.
Rhodophyta, unid.
(filamentous)
Rhodymenia palmata

R. pertusae
Rhodymenia sp.
Schizymenia sp.

PORIFERA

Cliona celata
Leucosolenia sp.
Microciona sp.

Porifera, unid.
Rhabdodermella sp.
Porifera, gray globose
Porifera, white saccate
Porifera, yellow, osculate
? Scypha sp.

CNI DARI A- Hydr ozoa

Abi etinaria filicula
A. turgida (adults)
A. turgida (juveniles)
A. variabilis
Abietinaria sp.
Bonneviella grandis
Bougainvilliidae, unid.
Calycella syringa
(i mmature)
Campanularia i ntegra
C._ speciosa
C. verticillata
C. yolubilis
Eudendrium vaginatum
Garvei a_annulata
Halecium ? labrosum
(i mmat ure)
Lafoea fruticosa

>

x/

X
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Appendix D=1 (Cont.). Species observed at Chugach Bay.

Dat es (bserved
Speci es 9/11/75% 9/12/75 7/5/76 1/6/76 1/8/76

Obelia ? loveni X
orthopyxis caliculata x2/
Sertularella albida x2/
S. pelyzonias (inmature) X
S. polyzonias var.

gigantea (adults) x2/
S. polyzonia var.

gigantea (i nmmature) X

§. tricuspidata 2/ 2/
Sertularella Sp.

(i mmat ure) X
Sertularia cupressoides X
Sertulariidae, unid. <&/ x4/
Tubularia sp. x2/

CNl DARI A- Ant hozoa
? Diadunene sp. X
Metridium senile X
Ptilosarcus gur neyi X
Tealia crassicornis X X

ANNELIDA-Polychaeta
Crucigera sp.
Oweniidae, unid.
Sabellidae, uni d.
Serpulidae, unid. X X

X X X X

ARTHROPODA~Crustacea
Balanus nubilis X
Cancer or egonensi s
Caridea, unid.

(i mmat ure) X
Elassochirus gilli X X
E. tenuinmanus X
Oregonia gracilis
Paguridae, uni d. X
Pagurus beri nganus
P. ? caurinus

P. ? confragosus
P. kennerlyi
Pagur us_sp. X X

Pandalidae, unid.,

or ange X
Paralithodes camtscha-

tica (juvenile) X
Pugettia gracilis X

X X X X XX X X X
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Appendix D1 (Cont. ) . Species observed at chugach Bay.

/ Dates Cbserved
Species 9/11/75% 9/12/75 7/5/76 7/6/76 7/8/76

MOLLUSCA-Polyp lacophera
Cryptochiton stelleri X
Kat hari na tunicata X
Lepi dozona mertensii X
Mopalia Sp. X X
Placiphorella Sp. X X X
Polyplacophora, unid. X
Tonicella i NSignis X
T. lineata X X
Tonicella Sp. X X X

MOLLUSCA~Pelecypoda
Astarte Sp. X
? chlamys Sp. X
Clinocardium californiense 5/
Ent odesma saxicola X
Humilaria kennerlvi X X
Musculus discors X
M. vernicosus
Mya truncata xZ/
Mytilus edulis X
Protothaca Stani nea X
Saxidomus Qi gant ea %/

X b

MOLLUSCA- Gast r opoda

Acmaea mitra_ X X X X
Anphi ssa c¢olumbiana X X X X
Cadlina luteomarginata X X
Calliostoma annulatum X

C. ligatum X X RIS S
Crepidula nummaria R
Crepipatella lingulata X

Diodora aspera X X7

Fusitriton oregonensis X X x2/ X X
Margarites pupillus X X
Margaritas sp. X
Nassarius ? mendicus X
Notoacmaea instabilis x§/ X X
Nucella lamellosa X X

N._ lima X
Qlivella baetica X

Puncturella nultistriata X X
Searlesia dira X X X X
Trichotropis cance llata X X X X X
Trophon multicostatus X X
Volutharpa ampullacea X




D=5

Appendi x D1 (cont.). Species observed at Chugach Bay.

. 1/ Dates Observed
Speci es 9/11/75= 9/ 12/75 “7/5/76 7/6/76 7/8/76

ECTOPROCTA
Alcyonidium pedunculatum
Costazia ventricosa
Crisis sp.
Dendr obeani a ? murrayana X X
Flustrella Qi gantea X X
Heteropora SP. X X X X
H ppot hoa hyalina
Lichenopora Sp. X

? Menbrani pora sp.
Microporina borealis X

Myriozoella plana X
Myriozoum ? tenue X X
Tricellaria sp. X
Bryozoa, unid., brown,

encrusting X
Bryozoa, Orange, encrust-

ing X
Bryozea, unid, encrusting X

X X X X x X X

X M X
X
X
>

ENTOPROCTA, unid. X

BRACHIPODZ
Terebratalia transverses X

ECHINODERMATA
Crossast er papposus
Dernast eri as imbricata
Eupentacta quinquesemita
Evast eri as troschelii
Henricia leviuscula
H._ sanguinoleuta X
Leptasterias? hexactis
L. ? leptalea (= Asterias,
am
Ophiopholis aculeata X
Orthasterias koehleri X
Parastichopus californicus
(juvenile)
Pi sast er ochraceus
Pt er ast er tesselatus X
Pycnopodia helianthoides
Sol ast er _dawsoni X
S. stimpsoni X
Strongylocentrotus dro-
bachiensis - x x!-.?./ -4 X X

X X < X X
X X X X X

X

X X
b

X
x

>
X X X X




Appendix D-1 (Cont.). Species observed at chugach Bay.

Dat es Observed
Speci es 9/11/75-l-/ 9/12/75 7/5/76 7/6/76 7/8/76

§. franciscanus X X X
S. ? pallidus X
Strongylocentrotus Sp. X
Ceramaster (= Tosiaster)
arcticus X

CHORDATA- Tuni cat a

? Aplidlium solidum X
Ascidians, unid., smal |

orange, social X
Boltenia villosa X
B. ? villosa X
Didemnum sp. X X X
Distaplia sp. X X
Halocynthia aurantia
H. igaboja
Metandrocarpa tayl ori
Styela montereyensis.
Synoicum Sp. X
Tunicata, unid., orange

encrusting X

>

X X X X<
X X X X
X

CHORDATA-Pis ces
Ammodytes hexapt er us
Clupea harengus (adults)
Clupea harengus (juv.)
Cottidae, unid. X X X

x
x

be
o
™~

>

IS
~

Hemilepidotus sp. X X

Hexagrammos decagrammus X X
H. stelleri X

H. supercilious X

Microgadus proximus X X

Ronguilus jordani X X

Sebastes melanops X X

CHORDATA-Mamma lia
Enhydra lutris X X
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Appendi x D-1 (Cont.}. Species observed at Chugach Bay.

Y Locations exanined on specified dates:

9/11/75 9/ 12/ 75

Of Sea otter Pt - 10-23 m NE of Sea Otter Pt - 13-23 m

West of Sea Qtter Pt -10-13 m Quter point of Raft Cove - 6.5-10 m
Of West Pt, 2nd cove - 14 m 2nd Cove - 5.0-0.0 m

715176 716176

NE point of Raft Cove - 10.5-11.5 m In Raft Cove - 9.1-10.7 m

South Point - 12.0-12.5 m Of Raft Cove - 7.5-16.8 m

7/ 8176

West finger of f south headland - 70 £t
Of Raft Cove - 30 ft
8 pinnacle off Raft Cove - 30 ft

2 on Nereocystis

3/ Reproductive

4 3 species

5/ 5 species

8 In shell debris

1/ on senminarians

8/ shell only

Z on stipes of Laminaria and _Pleurophycus
B/ Spawni ng

11/on shel I debris and rock
32/ Schooling above al gal canopy
13/schooling
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Appendi x D-2. Species observed at East Chugach |sland, 8/1/75.
SPECI ES
ALGAE- Phaeophyt a Sertularella Pinnata -imm
Agarum cribrosum S. tricuspidata - repred.
Alaria fistulosa §. turgida - reprod.
A. ? praelonga Sertulariidae, unid.
Cymathere triplicate
Desmarestia ligulata CNI DARI A- Ant hozoa
D_viridis Gersemia rubriforms
Laminaria groenlandica Tealia crassicornis
Ner eocysti s luetkeana
Pleurcophycus gardneri SIPUNCULA
Phascolosoma agassi zZii
ALGAE-Rhodophyta
Bossiella Sp. ARTHROPODA-Crustacea
Constanti nea sp. Balanus nubilis
Corallina Sp. Elassochirus gilli
Coralline spp., encrusting E. tenuimanus
Cryptonemiales, unid. Metacaprella kennerlvi
Delesseria deci pi ens O egoni a_gracilis
Membranoptera Sp. Pagurus beringanus.
Microcladia sp. p_:g"ig;caurinuss‘—
Odonthalia kanschatica Paguri dae, unid.
Opuntiella californica Pugettia gracilis
Polyneura latissima
Polysiphon.a Sp. MOLLUSCA~Polyp lacophora
Porphyra sp. Lepi dozona nertensii
Ptilota sp. Mopalia sp.
Rhodymenia palmata Tonicella i Nnsigni s
R. pertusae Tonicella Sp.
Schi zynmeni a sp.
MOLLUSCA-Pelecypoda
PORIFERA Humilaria kennerlyi - juv.
Porifera, unid. Modiolus modioclus - | Uv.
Musculus vernicosus - 0N
CNIDARIA-Hydro zoa Lam nari ans
Abietinaria filicula Mytilus californianus
A. turgida - reprod. Pododesnmus __macroschi sma
A _? variabilis - reprod.
Abietinaria SF. MOLLUSCA- Gas tropoda
Campanularia_speciosa - reprod.

C. volubilis - xeprod.
Eudendrium vagi natum - reprod.
Garvei a_annulata - reprod.
Halecium beani imm
Hydractinia ? arnata -
Ner eocystis
Orthopyxis caliculata

on

Acrmaea mitra_
Calliostoma |igature
Crepi dul a nummaria
Fusitriton oregonensis
Lepeta sp.

Margaritas helicinus
Notoacmaea scutum
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Appendi x D-2 (cont.). Species observed at East chugach |sland, 8/1/75.

SPECI ES

Nucella canaliculata
Trophon multicostatus

Trophonopsis Sp.
Velutina Sp.

ECHINODERMATA
Crossast er papposus
Dermast eri as imbricata
Evasteri as troschelii
Henricia leviusculus
? Lethasterias nanimensis
Ophiopholis aculeata
Orthasterias koehleri
Pycnopodia helianthoides
Strongylocentrotus
dr obachi ensi s
Cer amast er (= Tosiaster)
arcticus

ECTOPROCTA
Caulibugula_ Sp.
Filicrisia sp.
Flustrella corniculata
H ppot hoa hyalina
Membranipora Sp.

Microporella sp. (Nr.
californica}

Microporina borealis
Tricellaria sP.

CHORDATA-Tuni cata
Ascidians, unigd.
(conpound, social)
? Didemnum sp.
Halocynthia aurantia
Styela montereyens i S
Synoicum sp.

CHORDATA-Pisces
Hemilepidotus hemilepidotus
Hexagrammos decagrammus
Microgadus proximus - j UV.
Pleuronectiformes, unid.

CHORDATA-Mamma | i a
Eunet oPi as jubatus
Enhydra lutris




D-10

Appendi x D-3. Species observed at Port Dick

Mussel Zostera
Creek Pucus Bed, nud Bed, nud shelly Dic
Muth  Zone flat flat Slope _He

ALGAE-Chlorophyta
Chlorophyta, unid. (fila-
mentous)
cladophora sp. X X
Ent er onor pha sp. R
? Monostroma SpP. X x1
Spongomorpha_sp. " T
? ulva sp. X
Urospora ? penicilliformis

B B¢ X X X X X

ALGAE- Phaeophyt a
Agar um cribrosum
Alaria ? Crisps X
A. marginata Xl/ X X
Al aria sp. xl/ X
Costaria costata xl/ %
Cymathere triplicate X
Desmar esti a aculeata
D. ? viridis X
? Ectocarpus sr. X
Fucus di Stichus X X X xi/
Lanmi nari a groenlandica
L. saccharine X X X
L. yezoensis
Phaeophyta, uni d. (ribbon-
like)
Phaeophyta, uni d. (fila-
mentous)
Nereocystis luetkeana
Scytosiphon lomentaria 3
Sor ant hera ulvoidea X

>

X X X X
X
> >

St het B¢ S

ALGAE~Rhodophyta
Agardhiella tenera
Callophyllis SP.
Const anti nea sinpl ex X
C. subulifera
Corallina sp.
Crypt 0Si phoni a woodii
G gartina papillata
Gigartina spp.
Gloiopeltis furcata
Gloiosiphonia verticillaris X
Halosaccion glandiforme X
Iridaea |ineare X X
? Li thot hammi um sp.
Odonthalia floccosa 3

X
(¥

LV
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Appendix D-3 (Cont.). Species observed at Port Dick

Cr eek
Mbut h

Fucus
Zone

Mussel
Bed, nud
flat

Zostera
Bed, nmud
flat

Shelly
Slope

Dick's
Head

Phycodrys sp.

Polysiphonia ? pacifica

Por phyra sp.

? Prionitis sp.

Rhodoglossum affine

Rhodomela larix

Rhodophyta, unid. (fila-
mentous)

Rhodophyta, unid. (foliose}

Rhodophyta, unid. (saccate) X

Rhodymenia palmata

Rhodymenia sp.

ANGIOSPERMAE
Zostera Nari na

PROTCZOA
Gromia oviformis

PORIFERA
Halichondria pani cea

CNIDARIA-Hydrozoa
Hydroida, unid.

CNIDARIA-Anthozoa
Anthopleura ? artem sia
Metridium senile

ANNELIDA-Polychae t a
Cirratulidae, unid.
Cistenides breviconis
Crucigera sp.

Nereis sp.
Serpulidae, unid.
Terebellidae, unid.

ARTHROPODA~Crustacea
Balanus cariosus
B. ? glandula
B. hesperius laevidomus
B. rostratus alaskensis
Balanus spp.
Cancer magister

xy/

xt/

XXT&

xX X X X X

x

x
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Appendix D-3 (Cont. ) . species observed at Port Dick.
Musse 1 ZOstera
Creek Fucus Bed, mud Bed, nmud shelly Dicl
Muth  Zone flat fl at Slope He
Caridae, uni d. X
Chthamalus dalli X
Cirripedia-Rhizocephala X§/
Elassochirus tenuimanus
(juvenile) X
Eualus townsendi®
Ghori nosphaer oma__oregonensis X X
Paguridae, unid. X . X
Pagur us hirsutiusculus oox - X
Pandalidae, unid. X
Pandal us hypsi not us®
Penti dotea wosnesenski i X
Telmessus cheiragonus X X X
MOLLUSCA-Pelecypoda
Clinocardium nuttalli X X X
Hiatella arctica X
Macoma balthica X X
M.? inconspiqua X
M. ? inquinata X
M_ nasuta x4/
Macoma spp. ¥
Modiolus modiolus b
Musculus VErni cosus ¥
Mya arenaria X X ¥
M. truncata X p]
Mya sp. X
Mytilus edulis X X b
Pododesnus ? macroschi sma X
Protothaca Stam nea X X 3
Saxidomus Qi gant ea X X X 3
Tresus capax 3
MOLLUSCA-Gas tropeda
Acrmaea asmi X X
A, pelta X X
a. ? triangularis X X
Achaea_spp. X
Acmaei dae, unid. :
Aeolidida, uni d. X

Collisella pelta .

Coryphella sP.
? Cryptobranchia concentric X
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Appendix D-3 (Cont.). species observed at port Dick.

Mussel Zostera
Creek  Fucus Bed; nud Bed, mud shelly Dick's
Muth  Zone flat flat Slope Head

‘Hermissenda crassicornis X X
Lacuna ? variegata X
L. wvincta
Lacuna sp.
Littorina scutulata X X
L. sitkana X X X
Margaritas helicinus

M. pupillus

Margaritas sp.
Mitrella gouldi5

Natica clausa_ X
Notoacmaea scutum X
Nucella ? canaliculata

X X

X X X X

ECTOPROCTA
Membranipora Sp. X

ECHINODERMATA
Chiridota sp. X
Dermasterias imbricata X
Evasterias troschelii X X X
Pycnopodia helianthoides X X
Strongylocentrotus drobach-

i ensis X
i

CHORDATA-Pig CeS
Ammodytes hexapterus X X
Anoplarchus pur pur escens X
Bat hymaster sp. X
Blepsias cirrhosus X
Cottidae, unid. X
Hexagrammos decagrammus
Hexagrammos stelleri X
Hippoglossus stenolepis
? Lamna d1TYopLs
Limanda aspera’
Lunpenus sagitta
Microgadus proximus X
Myoxocephalus ? polvacan-

thocephalus X
Oncorhynchus gorbuscha X

Oncorhynchus sp. (fry) X
Pholididae, unid., |ight

br own
Pholis laeta

X X

X X X X
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Appendix D-3 (Cont.). Species observed at Port Di ck.

Mussel Zostera

Creek Fucus Bed, nud Bed, nud Shelly Dic

Muth  Zone flat flat Slope  _He
Phyti chtys chirus X
Platichthys stellatus X
Pleuronectiformes, uni d.

(adults) ¥
Pleuronectiformes, unid.
(juveniles) X
Ronquilus | ordani X
Stichaei dae, unid. b/
CHORDATA-Aves
Anas platyrhynchos X
Larus spp. X
Melanitta deglandi 3
Phalacrocorax auritus b
Rissa tridactyla b,
CHORDATA~Manma | | a

Enhydra lutris 3
Phoca vitulina X X

/nrife

2/Brooding

3/parasitic

5;5M only

2 caught in shri mp trap at 60 fathoms 7/31/75
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Appendi x D4. Species observed in xoyuktolik Bay and Lagoon.

Subtidal Intertidi
out er I nner’ Ent rance Mussel
Bay Lagoon 1agoon channel  PiLNnacle Beds
ALGAE-Chlorophyta

Cladophora sp. X
Enteromorpha Sp. X

? Monostronma se. X X X X X
Rhizoclonium ? tortuosam X
Spongomorpha sp. X X X
Ulothrix sp. X
? Urospora sp. X

ALGAE- Phaeophyt a

Agarum cribrosum X

Al ari a fistulosa X
A_? marginata X X

A. tenuifolia X X
Alaria sp. X X X X
Costaria costata X X

Cymathere triplicate X X X X
Desmarestia ? viridis X X X
Fucus disti.thus X X X X X X
Lam nari a groenlandica X X X X
L. _saccharin X X

L. setchellii X

Laminaria sp. X

Ner eocystis luetkeana X X X
Phaeophyta, unid. (saccate)
Scytosi phon lonentaria

X X

ALGAE- Rhodophyt a
Ahnfeltia plicata X X
Callophyllis sp. X
Const anti nea  sinpl ex X
Corallina vancouveriensi s
Del esseria_decipi ens
Encrusting coralline al gae
Halosaccion glandiforme X X
Iridaea |ineare X
Microcladia Sp.
(dont hal i a floccosa X
0. kamschatica
Opuntiella californica
Por phyra sp. X X X X
Ptilota filicina
Ptilota sp.
Rhodyneni a pal mat a
R. pertusae
Schizymenia sp. X X

X X X X X X X

> X

X X X M X
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Appendix D-4 (Cont. ) . Species observed in Koyuktolik Bay and Koyuktolik Bay Lagoon.
’ Subtidal Inter
Quter | nner Entrance Mus
Bay Lagoon Lagoon Channel Pinnacle Be
ANGIOSPERMAE
Zostera marina X x1/ X X
PORIFERA

Halichondria panicea
(encrusting)

Porifera, unid., syconid

Tedani a sp. X X

X X

CNIDARIA-Hydrozoa
Abietinaria turgida X

Hydractinia sp. X

Sertul ariidae, unid. X

CNIDARIA-Scyphozoa
Haliclystus sp.

CNIDARIA-Antho zoa
Anthopleura ? artenesi a
Ant hopl eura sp.
? Diadunene sp.
Metridium senile X
Tealia Crassicornis

X <X X X X

ANNELIDA-Polychaeta
Abarenicola Sp. X
Eudistylia ? vancouveri
Myxicola infundibulum
Polychaeta, unid.
(tubicolous) X
? Serpula vermicularis
Serpulidae, unid.
Terebellidae, unid.

x X

X X

>

ARTHROPODA-Crustacea
Balanus cariosus
B. ? glandula X
Brachyura, unid. X
Cancer oregonensis
Chthamalus dalli
Elassochirus gilli X
E. tenui manus X
Gammar i dea, unid.
Gnor i nosphaer ona

oregonensi s X
Hyas lyrata X

X X X X X X X X




Appendix D-4 (Cont. )

Lebbeus sp.
Oregonia gracilis
Pagurus ochotensis

Paqurus sp.

Paralithodes camtschatica

Pugetti a gracilis
Telmessus chei ragonus

MOLLUSCA-Polyplacophora
Kat harina tunicata
Mopalia SP.
Polyplacophora, unid.
Tonicella insignis
I_lineata

MOLLUSCA-Pelecypoda
Astarte sp.
Clinocardium nuttalli
Hum | ari a kennerlyi
Macoma Sp.

Modiolus modiolus
Musculus vernicosus
Mya arenaria

Mya truncata
Mytilus edulis
Protothaca Stam nea
saxidomus Qi gant ea
Tellina nuculoides
Tresus capax

MOLLUSCA~-Gastropoda
Acmaea mitra_
Acmaea Sp
Acmaeidae, unid.
Collisella pelta
Diaulula sandiegensis

Diodora aspera

Fusitriton Or egonensi s

Her m ssenda crassi cornis

Lacuna sp.

Littorina sitkana
Margaritas helicinus
Margarites sp.
Natica clausa
Natica sp.

Not oacnaea persona

D17

Subtidal

out er I nner Ent rance

Lagoon Lagoon Channel

x4/

¥ X <

X X X bd
I
x

x

b X<
x

x4/

Pinnacl e

X X X X X

x X

&/

x X

X X X

X X X

Speci es observed i n Koyuktolik Bay and Koyuktolik Bay Lagoon.

Interti
Musse
Beds

X X X X
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Appendi x D-4 (Cont.). Species observed in Koyuktolik Bay and Koyuktolik Bay Lagoon.

Subt i dal Int
Qut er | nner Ent rance M
Bay Lagoon Lagoon  Channe 1 Pi nnacl e

N._ scutum X
Nucella | i na
Olivella baetica X

Volutharpa ampullacea X

ECTOPROCTA
Alcyonidium pedunculatum
A_ po lyoun
Ectoprocta, unid.

Flustrella corniculata
H ppot hoa hyalina

X X X X X

BRACHIPQDA
Diestothyrus frontalis X

ECHINODERMATA
Cucumaria miniata
Cucumaria Sp.
Echi nar achni us parm X
Eupent act a guinquesemita
Evasteri as troschelii X
Henri ci a leviusculus
Leptasterias 2-hexactis X
Ophiopholis aculeata
Pycnopodia hel i ant hoi des
(adul ts) X X
Pycnopodia hel i ant hoi des
(juveniles) X
Strongylocentrotus drobach-
i ensis X

x X

X X X X

x

CHORDATA-Tunicata
Asci di ans, social, colonial X

CHORDATA-Pis ces

Ammodyt es _hexapt er us X
Cottidae, unid. X
Hexagrammos decagrammus X
H_ stelleri
Hexagrammos Sp. X
Lept ocottus arnmatus X
Microgadus prodimus X
Pleuronectiformes, unid.

(adults) X
Pleuronectiformes, unid.

{juveniies) X
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Appendi x D-4 (Cont.). Species observed in Koyuktolik Bay and Koyuktolik Bay Lagoon.

Sal vel i nus malma
Stichaeidae, unid.

CHORDATA-Aves
Cor vus caurinus
Larus glaucescens
Larus_Sp.
Melanitta perspicillata

Cl i ORDATA-Mammm |i a
Phoca vitulina
Enhydra lutris

1/ DafEe

< Orange-vellow, i n Ahnfeltia
3/on eelgrass

4/shell only

5/Black and white species

Subt i dal Intertic
Qut er | nner Entrance Musse.
Bay Lagoon Lagoon Channel Pi nnacl e Beds
X
X
X
X
X
X
X X
X X X



