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April 17, 2001
Our File: 1500
By Courier

Attention: Chris Kissinger
Resource Officer
South Vancouver Island District

Re: Supplementary GSX PL Report on Benthic Communities at ER67

Accompanying this letter is a copy of a report titled “Reconnaissance Level Baseline Survey of Benthic
Communities at Ecological Reserve 67 and Adjacent Satellite Channel” . I had sent you previous field
data for two benthic grab samples obtained from ER67. The accompanying report includes that data
as well as additional data from the surrounding area. The intent is to provide some further
environmental context for our assessment titled “ Environmental Assessment of the Ecological
Significance of Installing a Natural Gas Pipeline Around or Through ER67” which we understand is
undergoing MELP review. On a related matter, Ken Farquharson of BC Hydro has passed on to me
your request for some supplemental mapping of morphological units and substrate types referrved to
in the assessment. This map is in preparation and should be forwarded to you in the very near future,

Sincerely,

TERA E 1onmental Consultants (Alta) Lid.
__‘““\

Randal Giaholt P.Biol.

Professional Associate

cc. Ken Farquharson, BC. Hydro
Kirt Rhoads, Williams Gas Pipeline
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1.0 INTRODUCTION

A reconnaissance level baseline survey of benthic infaunal communities was carried out in
Ecological Reserve 67 (ER67) and adjacent Satellite Channel, British Columbia as part of a
marine studies program being undertaken on behalf of Georgia Strait Crossing Pipeline
Ltd. for its Georgia Strait Crossing Project. Sampling was conducted on June 4, 2000
(Figure 1), The purpose of this work was to provide an indication of benthic infaunal
species abundance and diversity in the area. This data allows comparison with previous
historical benthic infaunal collections for the area and also provides a reference for
monitoring potential change to benthic communities that could result from the ingtallation
of a proposed gas pipeline along the northern border of ER67.

1.1 Methods

A total of seven sites were sampled, two in ER67 and five in adjacent Satellite Channel on
June 4, 2000 (Figure 2). Paired replicate samples were collected at each site using a 0.1m’
Smith MclIntyre clamshell grab (Plates 1 and 2). Samples were rinsed through 1.0 mm and
0.5 mm sieves immediately after collection (Plates 3 and 4). All samples were sieved,
labelled and preserved (Plates 5 and 6). Detailed qualitative and quantitative taxonomic
analysis was performed on one replicate from each paired sample. A 1.0 mm sieve was used
to provide comparison with previous historical data collection while a 0.5 mm sieve was
used to capture a more inclusive and representative sample of the macrobenthos., All
taxonomic work was carried out by Biologica Environmental Services of Victoria, BC.

Proportions of major taxonomic groups for each sample were calculated to compare with
historical data from the area, and to show any gross differences in overall faunal

composition between samples.

Community analyses used a break down based on species, size fraction (0.5 mm and
1.0 mm), adult and juvenile counts, abundance and biomass values, The final two analyses
are for total abundance from each grab and total biomass from each grab. Statistical
analysis was performed using a Bray-Curtis similarity measure (Bray and Curtis 1957)
with unweighted pair group average sort (Sneath and Sokal 1973). Biomass analyses did
not include the few very large megafauna measured because these would have seriously
skewed results and provided no real information about the biomass of the rest of the

community.
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Plate 1 Smith Melntyre clamshell grab used during ER67/Satellite Channel sampling program
{(June 4, 2000).

Plate 2 Retrieval of benthic grab samples in Satellite Channel (June 4, 2000).
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Plate 3 Low velocity preliminary rinse of prab samples from Satellite Channel.

Plate 4 1.0 mm and 0.5 mm sieve racks used during ER67/3atellite Channel sampling program
{June 4, 2000}
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Plate 6 Onboard serting and presentation of fresh specimens from ER67/Satellite Channel area
{(June 4, 2000).
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1.2 Results and Discussion

A complete list of fauna identified at the seven sampling sites is provided in Appendix 1. A
data summary illustrating the general characteristies of the community is presented in
Table 1. These include sample abundance and biomass values for adults and juveniles, and
species richness for each size fraction as well as the entire sample. Values are independent
counts for each sieve size, with totals for the entire sample calculated as the sum of these
independent counts. The total values are equivalent to processing the entire sample using
a 0.5 mm sieve. Precision estimates (Elliott 1977) are listed in Table 2 for total sample
abundance. Proportions of major taxonomic groups for each sample are listed in Table 3.
Community analyses are included in Appendix 2,

. TABLE 1

SUMMARY DATA FROM SATELLITE CHANNEL STATIONS, 2000.

Abundance  Abundance  Taxaper Taxa per Blomass Blomass +
Station Sfeve  Group' Abundance per Siove per Grab Slave Grab Abundance/m? Blomass {g} perGrab  Megalauna
ER67-1  1.0mm A 445 9.1
ERG7-1 J 555 1000 72 8475 13
ERE7-1  0.5mm A 200 0.1
ERG71 J 285 485 1485 55 102 4110 16 126 274
ER672 1.0mm A 493 71
ER67-2 J 276 769 63 6517 1.0
ER67-2  0.5mm A 100 0.2
ERG7-2 J 196 296 1065 49 o1 2508 1.6 98 9.8
8C4 1.0 mm A 262 82
§C-1 J 289 561 70 4754 1.2
8C1 0.5 mm A 270 03
8C-1 J 309 579 1140 58 98 4907 1.4 11.2 1.2
5C-2 1.0 mm A 334 82 :
sC.2 J 397 YE) 60 6195 1.7
§C2 05mm A 241 0.2
§C-2 J 335 576 1307 52 85 4881 21 122 313
SC-3 1.0mm A 745 ) 123
5C-3 d 455 1200 82 10169 19
§C3  05mm A 14 0.1 :
§C3 J 266 480 1660 42 102 3898 2.1 165 35.6
8C4 1.0 min A 558 122
SC4 J 396 954 67 8085 22
SC4 05mm A 177 0.2
SC4 N 306 483 1437 55 105 4083 25 171 36.2
8C:5 1.0 mm A 255 6.3
8C-5 J 457 712 68 6034 08
8C5  05mm A 161 07
8¢5 J 329 490 1202 69 118 4153 13 a1 28.2

1 A=Adul / J=Juvenlle
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The summary data from Table 1 shows a moderate range in values for abundance and
biomass. Total abundance values ranges from just under 1,100 to 1,660 units per grab,
whereas biomass also ranged from 9 to 17 g/grab without megafauna, and 16.5 to 31 g/grab
with megafauna.  Because of the inherently high variability in such biomass
measurements, a range within one order of magnitude is not unusual.

Station SC-8 had the highest abundance and the Jowest biomass. When the megafauna
were added, the biomass values were more consistent between samples. Considering the
seven sample sites, species richness per grab, ranging from 85 to 118 taxa, was relatively
high for this type of habitat and sampling methodology, (c.f. Burd 1993, Burd, submitted).
In comparison, 1.0 mm sieve samples of the same grab size from the eastern part of Georgia
Basin show richness values over a 10 year survey period averaged around 40-60 taxa per
grab, had abundance values averaging about 300 to 600 per grab and total wet weight
biomass (with megafauna) averaging around 20 to 70 g per grab @WE 1999, EVS 1991,
1995)'. In addition, the reference ranges developed over many years for different sediment
types for habitats less than 46 m in Puget Sound (Striplin 1996} include abundances
ranging from 156 to 983 per 0.1 m’ grab and richness ranging from 24 to 90 taxa per grab.

Data collected during the June 4, 2000 ER67/Satellite Channel survey show a relatively
homogeneous set of samples, which will make a reliable baseline reference data set for
future comparisons. Partly, the faunal consistency is related to the fact thaf the substrate
type and depth seem to be relatively homogeneous (sandy-silt, 73 to 86 m deep) through the

sample locations.

A limitation to data analysis is that with only one replicate analyzed per station, there is no
way to determine the sampling precision of the summary values. However, some
aposteriori estimates are possible by simply grouping random samples in pairs and
measuring variance and therefore sampling precision as per the method of Elliott (1977),
using standard error as a percentage of the mean. Analysis of total abundance and species
" richness on a subset of possible combinations, including the lowest and highest values,
identified that total abundance, biomass (excluding megafauna), and species richness all
have less than 20% standard error as a proportion of the mean for any combination of pairs
which represents an acceptable level of sampling precision (Table 2). In most cases, the
precision values indicate that only two replicates would be required (estimated n) to achieve
a precision of <0.2. The highest replicate number required was 2.5 for the combination of
the lowest and highest abundance sample pair. This may also be an indication that there
are not patchy “gaps” in fauna from disturbance as they would show up as high variability
(and therefore precision >0.2) between and amongst sites. If the selected combinations of 3
and 2 samples shown in Table 2 were actually replicates, sampling precision would be
acceptable (precision <0.2). This illustrates that the total faunal abundances were
relatively homogeneous for all stations. The same test was used for total biomass (without
megafauna) and richness, also showing precisions less than 0.2 (not shown).

1 Although the quoted values are from stations well-away from the outfall, these stations are in the region of
the IONA outfall, where a variety of natural and anthropogenic factors may be affecting benthic infauna.
Page-8




TABLE 2

SELECTED COMBINATIONS OF 3 AND 2 SAMPLES TO SHOW
VARIATION BETWEEN STATIONS

Abundance L Precision* Estimated n

AKA per Grab Combinations Mean Variance SE/mean (Edliott 1977)
ER67-2 1065 67-2,5C1,5C5 1136 4706 0.03 1.3
8C1 1140 8C1,8C5,8C2 1216 7126 0.03 1.3
8C5 1202 8C5,5C2,5C4 13156 13858 0.04 1.4
sCc2 1307 SC2,5C4,67-1 1410 8481 0.03 13
8C4 1437 SC4,67-1,5C3 1527 13776 0.04 14
ER67-1 1485 67-1,5C3,67-2 1403 93508 0.11 2.1
8C3 1660 5(C3,67-2,5C1 1288 105008 0.13 2.3
67-2,505,5C4 1235 35396 0.08 1.8
8C5,5C4,5C3 . 1433 52453 0,08 1.8
67-2,5C1 1103 2813 0,02 1.2
S8C1,805 1171 1922 0.02 1.2
8C5,8C2 1255 5513 0.03 1.3
5C2,5C4 1372 8450 0.03 1.3
5C4,67-1 1461 1152 0.01 1.1
67-1,5C3 1573 15313 0.04 1.4
83,672 1363 177013 0.15 2.5

Testing for significant differences in summary factors between the stations would require
that the replicates for each station be processed. However, based on the results in Table 2,
it is highly unlikely that there would be any significant (P<0.05) differences between

stations.

The proportion of major taxonomic groups (Table 3) also shows relatively consistent
distributions amongst stations. The only unusual feature is the very low proportion of
cnidaria in station SC-1 (particularly Monobrachium parasitum) compared with the
remaining stations. There is no obvious reason for this disproportionate number.

Abundance was dominated by bivalves, whereas both bivalves and polychaetes contributed
substantially to biomass. This is consistent with the substrate type. Also, hydrozoans were
very common in most samples, indicative of sandy substrates. Echinoderms, although
present, were not abundance dominants. Echinoderms were also not biomass dominants,

except for one large specimen of Brisaster latifrons.

If the community composition turns out to be as consistent as the summary factors, then it
is possible to consider all seven samples to be replicates of each other for the purposes of
comparisons with future surveys. Unfortunately, we cannot statistically test for the
homogeneity of overall community composition with only one replicate per station. Formal
testing of homogeneity among the samples would require use of the bootstrap method of
Nemec and Brinkhurst (1988) and two replicates per station.
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TABLE 8

Vv
SUMMARY OF MAJOR TAXONOMIC GROUP PROPORTIONS
(% OF TOTAL) FOR SATELLITE CHANNEL, 2000
Etrantiate Sedentariate
Station Sleve  Group' Cnidarla Bivalves Crustaceans Echlnoderms Gastropods  Polychastes Polychactes  Varla
ER67-1 1.0mm A 47 12 15 3 2 3 19 0
ER67-1 J ] 39 2 5 ] 2 51 0
ERB7-1 05mm A 22 0 67 ¢ ¢ ] 5 2
ERB7-1 N 0 22 45 1 1 4 26 1
ERG7-2 1.0 mm A 56 12 g 0 2 4 15 i
ERE7-2 J 72 3 1 0 ] 16 2
ERG7-2 0.5 mm A 0 24 0 0 20 53 3
ER67-2 J 34 23 2 1 8 27 1
5CA 1.0 mm A 1 32 27 1 0 10 16 3
SC-1 J 4 3 6 0 2 14 1
SC1 0.5 mm A 0 48 0 0 16 87 1
SC1 J 36 3 4 0 3 18 1
Sc-2 1.0 mm A 43 27 1 0 3 3 14 0
5C-2 J ] 89 ¢ 1 1 o 8 0
5C-2 0.5 mm A 43 0 H 0 0 5 18 2
5C-2 J 0 38 36 2 i 3 i8 1
5C3 1.0 mm A 54 i3 8 1 1 4 13 7
§C-3 o ) 71 1 4 0 7 ‘16 0
8C3 - 05mm A 59 2 30 0 0 2 7 0
5C-3 J 0 28 48 0 0 ] 16 o
§C-4 1.0 mm A 57 15 ] 1 4 5 i0 ]
5C-4 J ] 89 1 1 0 1 8 ]
5C4 0.5 mm A 18 0 56 0 0 8 6 ¢
SC4 4 0 20 16 3 0 2 57 0
SC5 1.0 mm A 40 13 5 5 ] 18 18 1
SC-5 J 0 20 1 4 ¢ 2 73 ]
SC-5 0.5 mm A 29 0 38 ] 1 0 18 3
8C5 J o - kL 41 1 1 8 17 0

1 A=zAdult / J=Juvenile

Based on an inspection of the cluster patterns, there are no striking differences in faunal

composition between stations.
abundance, due mainly to the comparative absence of the most abundant taxon, the

hydrozoan M. parasitum. This taxon was also relatively rare in station SC-1. Otherwise
the patterns do not show obvious differences between samples.

Station SC-5 is slightly unusual in terms of adult

Page-10




1.3 Comparison With Previous Studies

Satellite Channel in the vicinity of ER67 and elsewhere was subject to multi-year sampling
of benthic infaunal communities by Dr. Derek Ellis of the University of Victoria (Ellis 1968,
1970, 1975). Since that time, ER67 and Satellite Channel has been subject to more or less
continuous bottom trawling (Figure 2). Bottom trawling has been shown to have
substantial impacts on certain benthic communities (Watling and Norse 1998, Engel and
Kvitek 1998). It is anticipated that benthic communities have changed markedly since that
time as a result of fish removal, bottom disturbance and other long-term biophysical
processes and trends,

Effects from bottom trawling would be most evident in the sessile megafauna, which our
grabs sampled poorly because of the patchy distribution of these larger taxa, The infauna
which were sampled generally recolonize disturbed patches fairly quickly by larval
settlement and immigration from surrounding areas. Thus, it is difficult to clearly identify
“trawled” areas without more extensive before and after sampling. A combined program of
bottom trawling along with grab samples, carefully positioned using video transects would
be required to appreciate any potential effects from trawling. This would have to be
continued over a reasonable time frame to measure rates of recolonization and recovery as
well as to identify the most vulnerable members of the infaunal community.

Determining to what extent communities may have changed since the late 1960s is difficult
due to inconsistencies in sampling effort (sieve size), the level of taxonomic precision, as
well as changes in taxonomic nomenclature over the years. Also, the original raw data
counts for the earlier work are not available. The range in total abundance and species
richness documented in the older studies shows richness for the same screen size
comparable and abundance about 2 to 4 times lower in the older surveys (Ellis 1975,
unpublished). Also, in the early studies, amphipods and some polychaetes were not
identified fo species, and abundances of the very numerous, small polychaetes were coded
instead of true counts due to lack of processing resources, so it is not feasible to directly
compare either set of values with the current data. In addition, it is not clear whether some
groups, such as cnidarians, were counted at all. Conversely, biomass estimates from the
current study are considerably lower than Dr. Ellis’s estimates. However, the method of
determination used in the older studies was different (weighing total sample for wet weight
in older surveys and using mean reference specimen weights in current studies). The
difference appears to be about 2 to 4 times. If the difference is still evident once each entire
sample is weighed for the current survey, then the difference may be important and/or
related to trawling. However, the sampling design and differences between studies make it

“impossible to be certain,

Abundance and biomass dominants show a few similarities (Table 4), particularly in the

larger bivalves and echinoderms. Compsomyax subdiaphana, Macoma carlottensis and M.

elimata, Yoldia spp., Brisaster latifrons were predominant in both the early and the current
Page-11




studies. Unlike the Ellis studies, the current study did not show echinoderms to be
abundant, biomass dominants or importance in terms of overall proportions. Whether this
is related to historic trawling is unknown. Trawling does appear to reduce habitat
complexity and biodiversity but may also enhance productivity of certain opportunistic
species (Engel and Kvitek 1998), Some polychaete dominants are similar between current
and older surveys, including high abundances of the. predaceous Nepthys (ubiquitous
throughout the BC coast) and the smaller Prionospio. Since many polychaetes were not
counted or identified in the previous studies, the polychaete dominances are not readily
comparable, Note that cnidarians can be colonial or clonal, so counts are not exact. M.
parasitum was, however, counted as individuals attached to Axinopsida serricata shells,

TABLE 4

DOMINANT TAXA FROM SATELLITE CHANNEL BENTHOS, 2000

Abundance Total Abundance of
Taxon Group' per Survey Taxon Group! Biomass Dominants

Menobrachium parasiium on 1444 Compsomyax subdiaphana b 4
Axinopsida serricata b 1362 Macoma efimata b 43
Spiophanes berkeleyorum p 817 Praxiltella pacifica p 36

Euphilomedes producla | ¢ 702 Axinopsida serricata b 1362
Levinsenia gracilis p 299 Brisaster lalifrons e i
Eunnucula tenuis b 237 Glycera americana p 4

Leptognathia gracilis c 223 Macoma carlottensis b 176
Parvilucina tenuisculpla b 206 Pectinaria granulata p 33

Yoidia sp. b 187 Eunnucula tenuis b 237

Macoma sp. b 183 Parvilucina tenuisculpla b 206
Acila castrensis b 182 Phyllodoce groenfandica p 9
Macoma carlottensis b 176 Notomaslus lenuis p 7
Laloea sp. en 175 Stemaspis fossor p 08
Rhabdus rectius S 176 Onuphis iridescens p 12
Photis patvidons ¢ 158 Travisia pupa p i
Prionospio lighti p 144 Goniada brunnea p 6
Eudorella pacifica ¢ 118 Diopatra omata p 4
Nephtys cornuta p 117 Nitidella gouldii b 13

Obelia sp. cn 116 Acila castrensls b 182

1 b= bivalves, p = polychaetes; ¢ = crustaceans; ¢n = cnidarian; e = echinoderms; s = scaphopods
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There are a few striking differences between the older studies and the current survey. The
most abundant taxon, the hydroid M. parasitum (which was not colonial, and tended to be
attached to many of the small bivalve A. serricata shells) in the current study was not even
included in species lists for the older studies. This may have been a deliberate oversight of
a taxa group often ignored in benthic infaunal studies. In the current study, there were no
holothurians identified. This is unusual, but may be coincidental, since holothurians tend
to be larger and infrequently spaced, and may also migrate. Molpadic intermedia is a
common species throughout the BC coast. Also, one of the characterizing community taxa
Dr. Ellis described, which was consistently present and abundant (the small sedentariate
polychaete Maldane glebifex), was entirely absent from the current samples. Dr. Ellis
(2000) described this species as occurring in a “matted network at and near the sediment
surface”, however, this species is not known to form mats or occur in such high abundances
elsewhere in British Columbia. Therefore, it could be a misidentification of several similar
polychaetes which do form mats, including Galathowenia oculata and Owenia fusiformis,
both of which were found in only moderate abundance in the current survey. However, the
high numbers of polychaetes counted in these surface mats in the late 1960s and 1970s
were not evident in the cuurent study, and could possibly have been disrupted by long-term
chronic trawling. Similar mats of small tubicolous polychaetes have been noted in nearby
Saanich Inlet during student educational surveys using bottom grabs. Since there is no
bottom trawling in Saanich Inlet, it might be illuminating to collect some grab samples
from inside the sill or Patricia Bay for comparison with the Satellite Channel samples.

1.4 Conclusions

The current survey shows that the benthic infaunal community in central Satellite Channel
has a relatively “normal” abundance and species richness compared to similar areas in the
Strait of Georgia and Puget Sound. In addition, the samples taken from the seven
different locations are fairly homogeneous in terms of the variance in abundance, species
richness and biomass. Total faunal complement cannot be tested for homogeneity without
veplicate data. However, there are a few striking differences in taxa and biomass between
the older surveys and the current ones. At present, there is insufficient data to determine if
this is related to trawling, or long-term natural cycles in the community.
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APPENDIX 1

BENTHIC INFAUNAL SPECIES DIVERSITY AND ABUNDANCE SAMPLE IN
ER67 AND ADJACENT SATELLITE CHANNEL
June 4, 2000







1-Y ady

TAXON

GSX ERS7-1

GSX ERS7-2

GSXSCA

GSX8C2

GSX SC-3

GSXSC4

GSX 8C5

1.0 mm

0.5mm

1.0mm

0.5 mm

1.0 mm

0.5 mm

1.0mm

0.5mm

1.0 mm

0.5 mm

1.0mm

0.5 mm

1.0 mm

0.5 mm

J

A

J

J

A

J

A

J

A

J A

J

A

J

A

J

A

J

A

CNIDARIA

Hydrozaa

Ciytia sp.

Laloea sp.

¥

23

13

Menobrachium parasitum

169

1%

108

272

114

22 ¢

Chelia sp.

ol o o]l o

Tubulara maning

Anthozoa

Edwardsia Sipunculoides

Pachycadanthus Gmbriatus

PLATYHELMINTHES

Leptoplana sp.

NEMERTEA

Cerebratulus ealiforniensis

Memertea indst.

Tubuianus polymorphus

NEMATODA

Neratoda indet.

ANNELIDA

Polychaeta Errantia

Antinoella macrolepida

Diopatra omata

Drlonareis falcata minor

Emane bicirala

-

Eteone californica

Eteona longa complex

-f -

- O o o] O

Eleone spilotus

Eurnida longicornuta

Eunce sp.

Exogone dwisula

Exogone molesta

(Galtyana cimosa




Z-1ddy

[TAXON

GSX ER67-1

==
GSX ER67-2

GSXSC1

GSXSC4

GSXS8C-5

1.0 mm

05 mm

0.5mm

1.0mm

0.5mm

1.0mm

0.5 mm

1.0mm 0.5 mm

J A

J A

J A J A

J

A

J A

Glycera amenicana

Glycera nana

Glyceora tesselata

Giycinde armigera

Goriada brunnea

Hesperonoe complanata

Lumbineris cruzensis

15 2 2

Lumbriners latrsifl

Malmgreniella scriptoria

Micropthalmus sp.

Nephlys cornuta

0 17 3

14

14

Nephtys feruginea

Nephiys sp.

Nerais procera

Cruphls iridescens

IPhaice grabra

1

Phylledoce groeniandica

-] nf = O

o2 o ] -

Phyllodoca sp.

Filargis berksleyas

Podarkaopsis glabra

Polynoidae indet.

Scoletoma fuli

Sphasrodoropsis sphaerulifer

!._Sphaerosyﬂis sp.

Polychaeta Sedentaria

Ampharetg aculifrons

Aphelochaeta moniians

Aphelochaeta mutlifills

Aphelochaela sp.

Aricidea cathennae

Arcidea ramosa

| Artacama conifarg

| Asabelitles sibirica

Harantoltz americana

Boccardia basilana

Brada villosa

Capitela capitata complex




g-1 ddv

TAXON

GSX ERST

GSX ERS7-2

GSX 8C1

GsXst-2

GSXSC3

GSX SC4

GSXSC5

1.0 mm

0.5mm

1.0 o

0.5 mm

1.0 mm

05mm

1.0 mm

0.5 mm

0.5 mm

1.0 mm

0.5 mm

1.0 mm

0.5 mm

A

J A

A

J A

J

A

J A

A

J A

A J

J A

Chastozore acula

0

0 1

2

2 1

0

4

2 0

0

0 1

Chona mollis

1 0

o 1

Chone sp.

Cossura modica

Cossura pygodactylata

Decamastus gracilis

Dipolydora socialis

IEuclymeninag indet.

Galathowenia oculata

1

13

11

Heteromastus Hlobranchus

Laonice cirata

Levinsenia gracilis

1"

62 19

10

11 18

Leitoscolopos pugetensis

Magelona longicornss

w| af | @

Modiomastus ambisela

13

17 1

16

Mediomastus sp.

Melinna efisabethae

Mesochaalopterus faylori

Nolomastus lenuis

17

16

Ophelina acurminala

Owenia fusiformis

Paraprionospit pinnata

Pectinana granulata

Peclinafia sp.

Polycimus califomica

Polycirus sp. complex

Polydora brachycephala

Praxifiefia pacifica

Praxillefla prastermissa

Praxfialia sp.

] o W N

S| =] M| N

Prionospio lighti

15

1% 16

w| - o

12 1

Prionospio steenstrupt

w]| &) o] of =

o] o =] r} -

-

al o Maj »n

Pseqdopolydora kempi faponica

Spic cimifera

Spicchasioplorus costarum

Spionidae indet.

Spiophanes berkeleyorum

244

10

205




b1 ddy

TAXON

GSX ER67-1

GSX ER67-2

GSXSC1

GSXSC2

GSX SC-3

GSXsc4

GSXSCs

1.0 mm

G.5mm

1.0mm

Q3.5mm

10mm

0.5 mm

1.0mm 0.5mm

1.0

1.0mm

1.0mm

J

A

A

4

A

Slemaspis losser

0

3

16

1

Terebellides californica

ol - sl

Terabellides refshi

Travisia pupa

Oligochasta

ubificidae indel.

Erudinea

Piscicolidae indet.

SIPUNCULA

Golfingia pugetiensis

Phascolosoma agassizi

MOLLUSCA

Aplacophora

Chaatoderma argamtaum

Gastropoda

Alvariz compacta

Bittium aftenuatum

Bullidae indet.

Cyiichna altonsa

Euspira pallida

Haminoea vesicula

Nificella gouldh

Qdeslomia quadras

Cdlostomia sp.

Ophiodennella cancellata

Philine sp.

Turbonilia sp.

Hivaivia

Acila castrensis

12

20

26

16

Axinopsida semicata

a7

107

205 0 15

197

49 218

<
w

Bankia setacea

o] =] 8l o

Compsomyax subdiaphana

Crenella dectssala

Cyelocardia ventricosa

Eunnucula lenuis

10

15

16

14

13

of al o] o
-




g-f ddy

TAXON

GSX ER67-1

GSX ER67-2

GSXSC1

GSXSC2

GSXSC3

GSXSC-4

GSX SC-5

1,0 men

0.5mm

1.0mm

0.Emm

1.0mm

0.5 mm

1.0 mm

0.5 mm

1.0mm

0.5 mm

1.0mm

0.5 mm

1.0mm

0.5mm

J

A

J

A

J

A

J

A

J

A

J A

J

A

J

A

J A

J A

J

A

A

J A

Hialella arctica

0

17

Lucinoma annulatum

Lyansia bracleata

.

Macema brota

Macoma calcarea

Macoma carlollensis

24

15 7

1l

Macoma ehimala

ol N W O

"

Macoma sp.

16

26

13

Megacrenelia columbigna

Musculus nigar

Myselia tumida

10

Mytilidae indet.

Nemocardium centiliiesum

Nueufana minuta

Pandora filosa

FParvilucina tenvisculpta

17

26

16

24

] sl W
(=4

Psephidia lordi

Thyasira gouldii

Yoldia enstlera

Yoldia marlyna

Yoldia scissuraia

Yoldia sp.

16

*

Scaphopoda
Rhabdus reclius

e

23

ARTHROPODA

CRUSTACEA

Ciripedia

Balanus glanduia

Copepoda

[Harpacﬂcoida Tndet.

Ostracoda

Acanthocythereis sp.

Euphilormedas producta

1

49

16

4

102

13 74

Ostracoda indet,

Postasterope sp.

< ol ol g

Ruliderma lormae




g-1 ddy

TAXON

GSX ER67-1

GSX ER67-2

GSXSC-i

GSXseC-2

GSX5C3

GSX SC4

GSXSC5

1.0mm

3.5mm

1.0mm

0.5 mm

© 1.0mm

0.5mm

1.0mm

0.5mm

10mm Q0.5 mm

1.0mm

0.5 mm

1.0 mm

0.5 mm

J A J

A

A

J

J

A

Leptostraca

Nebaliz pugettensis

oo

Campylaspis biplicata

Diastylis bidentata

Diastyfis dali

Dizsiylis paraspinuipsa

Diaslylis sp.

\Eudorelia pacifica

17

1

Evdoreliopsis longirostris

Leucon subnasica

Tanaidacea

L eplocheka savignyi

Leptognathia gracilis

18 8

1

14

Isopoda

Haliephasma gemingtum

Munnogeniumel. tiflerae

Fleurogonium rubicundum

Amphipoda

Americhelidum shoomaken

Ampelista unsocalae

Amplelisea sp.

Acroides inlarmedius

Aorofdes sp.

Bathymacdon pumilus

Bathyrnedon sp.

Caprella laeviuscula

Cheinimedela zotea

Dyopados sp.

Foxiphalus similis

Gammarides indat.

Guemnea reduncans

10

Helerophoxus alfinis

Helerophoxus ellisi

Heterophoxus sp.

Legidepecreum garthi

Metaphoxis frequens




41 day

TAXCN

GSX ERG/-1

GSX ERE7-2

GSXSC1

GSX $C-2

GSXSC3

GSX8C4

GSX 5C-5

1.0mm

0.5mm

1.0 tam

0.5 mm

1.0 mm

0.5mm

1.0 ram

0.5 mm

1.0 mm

0.5 mm

1.0mm

0.5mm

1.0mm

0.5 mm

J

A

J

A

J A J

A

J

A J

A

J

A

J A

J

A

J

Microjassa sp.

Orchomene cf. pinguis

Pachynus ct. barnard;

Paramalopelia sp.

Pholis brevipes

] @] o] ©

Photis parvidons

42

13 2

" 0

Pholis sp.

Phoxocephalidae indet.

Pleustidae indel.

Prachynella lobo

Pretomedeia grandimana

FProfomedeia sp.

Rhepoxynius barnardi

Waeshvoodila caesyla

Decapoda

Crangon dalli

Pinnixa occidentalis

PHORONIDA

Phoronis sp.

ENTOPROCTA

Baranisia sp.

[ERYOZ0A

Bowerbankia gracilis

47

[E'cmnooERMArA

Ophiuroidea

Amphiodia periercta

12

18

Amphiodia urtica

Amphiodia sp.

Ophiura sarsia

Ephiuroidaa indel.

13

10

Echinoidea

Brisaster latifrons




g-T ddy

GSXER67-1 GSX ER67-2 GSXSC1 GSXSC2 GSXSC3 GSXSC4 GSX 8¢5
1.0mm 0.5mm 1.0mm 0.5mm 1.0mm 0.5mm 1.0 mm 0.5 mm 1.0men 0.5 mm 1.0 mm 0.5mm
[TAXON J A J A J A J A J A J A J A J A J A J A J A J
UROCHORDATA

Ascidiacea

1.0mm 0.5mm

Ascidiacea indet. 0 4

|HEMICHORDATA
Saccoglossus sp.

Total Number of Adulls and| 445 | 555 | 200 | 285 | 493 | 276 100 § 196 | 262 | 295 | 270 | 309 | 334 | 207 | 241 | 335 | 745 | 455 | 194 | 266 ) 558
Juveniles

Total Number of Organisms 1000 485 769 296 561 578 3 576 1200 480 g54
Total Number of Taxa 72 §5 63 43 : 70 58 60 52 82

36 | F77 | 306 | 255 | 457 | 161 | 329

&

67 &5 68
Qrganisms per m? 8475 410 6517 2508 4754 4807 6195 4881 10169 3898 8085 4093 6034

2

4153

MEMO

Amphipoda indet, (arval)
Aranae indet, (Spider) 1
Autolytus fasclalus
Balanus sp. navplius 1
Brachyura indet. zoea 1 1 $ 1
Calancida indel, 1 1
Calanoida indet copepadite 1
Calancida indet, nauplivs 2
I[Can‘dea indet. zoea

Cirfipedia indet, cypris larvae 1
Coryeaaus sp. 3
Cringidea indet. (fragment) [

Cumacea indet. {Jarval) [ 1

Eucafanus bungi 1
Euphausia pacilica 1
E:phausiacea Indet. fureifa

Euphausiacea indat. naupliug 1
Fish eog 2
(Gamraridae indet. {lanval} 1
Gastropod egg case 7 8 1 17 1
Gasiropleron pacificum 1
Hydroida indet. medusae
Invertebrato egg 95 1 3 6 27 0 1

17




§-1 ddy

TAXCN

Invertebrate epg case

GSX ER67-1

10 mm

0.5 mm

GSX ER67-2

1.0 mm

GSX SC-1

GSX 5C-2

GSX 8C-3

GSXSC4

GSXSC-5

J A

J

A

J

0.5 mm

1.0 mm

0.5mm

1.0mm

0.5 mm

1.0 mm

0.5 mm

1.0mm

0.5mm

1.0 mm 0.5mm

A

d

A

4

A

J

J

A

¥

A

Invertebrate egg sac

“Moﬂusca egg case

Mysidacea indet

Neocalanus sp.

Ostraceda indet. (farval)

Parzthamiste pacifica

iTanaidacea indet. (larval)

Thysannoessa raschii

NOTES

GSX ERB7-1: Some gravid Photis parvidons.
GSX ER67-1: Phoxocephalidae indet. - head only.
GSX ER67-2: Spionidae indet. arg larvae

GSX ERG7-2: Gravid Laptognathia gracllis







APPENDIX 2

CLUSTER ANALYSES FOR SATELLITE CHANNEL SAMPLES, INCLUDING
ADULT, JUVENILE 0.5 mm AND 1.0 mm SAMPLES







Satellite Channel

Data matrix read

Adult cluster analyses

from file: adabun_5.prn

No. of objects u 7
No. of variables = 158
Distance Matrix (Scale Fact= ,1E+01}
ER67-1 sC-5 sC-2 sc-1 sC-3 sc-4 ER67-2
BR67-1 . 00000 '
5C-5 . 63327 .00000
sCc-2 .27213 .60931 . 00000
sC-1 .53571 .56780 L 47197 . 00000
8C-3 .37389 .71322 .38064 .62022 .00000
sC-4 .37455 .67978 L3055 .62569 36019 . 00000
ER67-2 .35166 .66174 .30420 .51736 .37574 .36762 .00000
Linkage Clusters Linked Distance [S8cale Factor = .1E+01)}
1 ER67-1 sc-2 .27213
2 ER67-1 "ER67-2 .32793
3 ER67~-1 sC-4 .34931
4 ER67-1 sC-3 .37261
5 ER67~1 sC-1 .55419
6 ER67-1 5C-5 . 64252
**********i*********ER67_1
x*xkk %k
E R & ******ti************sc_z
* %
*xk ***********************ERS?_Z
* %
kkEFEAF XTI KT LR *************************50_4
* *
*FExhkExER ***************************503
* *
* ***i********i‘k'.'r*******t******i‘i‘*******tsc_l
*
************t*******i**i**********i*********isc-5
|- mmmmmmmme |- P . | =ommmmmm e |
1 .8 6 .4 .2 0
PISTANCE
Scale Fackor = .1E+01

App 2-1




Data matrix read from file: adabunl.prn
No. of objects 7
No. of variables i58

non

Distance Matrix {Scale Fact= L1E+01}

ER67~1 8C-5 5C=2 s5C-1 sc-3 SC-4 ER67-2
ER67-1 00000
SC-5 .78479% . 00000
85C-2 .42234 . 77474 00000
sC-1 .54391 72710 .4352¢% . 00000
Sc-3 .36824 .83855 .49860 .61600 00000
SC-4 .40681 . 85093 .36415 . 60197 .31269 . 00000
ER67-2 .34258 .82786 .44068 .58300 .30950 .26699 . 00000
Linkage Clusters Linked Distance (Scale Factor = LIE+01)
1 5C-4  ER67-2 .26699
2 s5C-3 5C-4 .31110
3 ER67~1 SC-3 . 37255
4 ER67-1 5C-2 .43144
5 ER67-1 SC-1 .55603
6 ER67-1 5C-5 . 80068

******‘k********************ERG?_]_

LA & 2]
& * *****t****************Sc-3
*° *Fhhkdkk
thkk kI hEk R KA * *******************SC_4
* * * KRk
- * * *******************ER6?_2
AR A RS E R ST E R I T *
* * **********i’***********i********sc_z
* *
* *****t*********************************Schl

*
**************t**i***t**t*i’************tii*******i**i****80.,5

DISTANCE
Scale Factor = .1E+01
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Data matrix read from file: adbio_5.prn
No. of objects = 7
No. of variables = 158

Distance Matrix {Scale Facts ,1E+01)

ER67-1 sC-5 8C-2 sC-1 8C-3 sc-4 ERG67-2
ER67-1.00000
sC-5 .69319 , 000060
sC-2 ,65141 .58677 . 00000
8C-1  .66352 L 44653 L48206 .00000
sCc-3  .59388 . 61709 .33135% 47663 .00000
sc-4 75438 .78218 L4371 .65729 42663 00000
ER67-2.72140 .50386 .46989 ,44321 .59510 .65503 00000
Linkage Clusters Linked Distance ({Scale Factor = .1E+01)
1 sc-2 sC~3 .33135
2 5C-2 sC-4 43187
3 sCc-1 ER67-2 .44321
4 8C-5 sc-1 47520
5 SC-5 s8C-2 .59134
6 ER67-1 S5C-5 .67964

***********************************t************ERG?-l

*
* *******i**************************SC_S
* L2 ER RS & X
* * * **********************i*********sc_l
* * * k&
kEkkkkk ¥ **********************i*********ER67_2
*
* kkkAI R A K AT KT E T XX AKX X R ARGO-D
* AkkkFEAK
I EZEERES S5 S5 ************************SC“3

*
*************************ii****80_4

DISTANCE
Scale Factor = .1E+01

App 2-3




Data matrix read from file: adbiol.prn
Ne. of objects 7
No. of variables 158

it n

Cluster Analysis Options:

(1) Coefficient Bray-Curtis Coefficient

{2) Linkage = UPGMA
(3} Linkage scale = Distance
{(4) COMTRE1l File = None
(5} PLOTGRAM File = None
{6} VAXPLOT File = None
{7) PAUP File = None
Distance Matrix (Scale Fact= .l1E+01)
ER67-1 SC-5 5C-2 sc-1 sc-3 8C-4  ER67-2
ERG67-1 00000
SC-5 .50571 000600
sC-2 .47419 57797 .006000
sc-1 . 48356 .42885 LATT73 . 00000
5C-3 .41895 61222 .33479 .47498 . 00000
SC-4 .65019 L79410 .44026 .65518 42523 00000
ER67~2 .56331 .45612 47295 .44425 .59595 .65932 00000
Linkage Clusters Linked Distance (S8cale Factor = .1E+01}
i sc-2 8C-3 . 33479
2 SC-5 5C-1 42885
3 8C-2 SC-4 43274
4 8C-5 ER67-2 .47018
5 ER67-1 s5C-2 51444
) ER67-1 8C-5 .57275
***********iit**t********************ERé?_l
*
LSS & &1 i’***‘k*******************Sc._g
* * (S R XSRS
* *kkA LA K *****i******************SC_B
* *
* ***i************i**************Scpd
*x
* *******************************SC"S
* k%
khkkdkt ki Lk ************************i’******sc_l
*
***:\************i**i*************ERE?-Z
fmmm e f2mmmm e |=mmmmm e | == e | = !
1 .8 .6 4 .2 0
DISTANCE
Scale Factor = ,1E+01
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Data matrix read from file: juvabun_5.prn
No. of objects
No. of variables

= 7
= 148

Cluster Analysis Options:

5C-5
sC-2
sc-1
sCc-3
sC-4
ER67

{1} Coefficient = Bray-Curtis Coefficient
{2} Linkage = UPGMA
{3} Linkage scale = Distance
{4) COMTREl File = None
{5) PLOTGRAM File = None
{6) VAXPLOT File = None
{7) PRUP File = None
. Distance Matrix (Scale Fact= .1E+01}
ER67-1 sC-5 8C-2 sc-1 5C-3 sC-4 ER67-2
ER67~1 .00000
.30602 .00000
.48191 .56713 00000
47765 .47864 .37178 . 00000
.41269 .50338 .24382 .37028 . 00000
.40265 .5119% .40831 .52031 . 40160 . 00000
-2 .53365 56479 L37113 .36832 .36419 47069 00000
Linkage Clusters Linked Pistance (Scale Factor = 1E+01)
1 sC-2 sc3 .24382
2 ER67-1 sc-5 .30602
3 sC-2 ER67-2 .36766
4 s5C-2 sc-1 .37013
5 sC-2 sC-4 .45023
[ ER67-1 8C-2 ,49345
i-****************ii***ERG']_l
EXXE R SR LTRSS S S
* *************t********sc,_s
*
* ***********i’******sc...z
* IEE RN & &4
* * ******************30"3
* *
* **i’*i’****************i**********ERS?_?‘
* * *
*hkkk *i*******************i**i*sc_l
*
****************i*********‘******sc_é
f-mmmmmmneaes P |=mmmmmenanee P | 2mmmnmemnnne |
.8 .6 A .2 0
DISTANCE
Scale Factor = .1B+01
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Q Type Cluster Analysis

Data matrix read from file: juvabunl.prn
No. of objects = 7
No. of variables = 96

Cluster Analysis Options:

(1} Coefficient = Bray-Curtis Coefficient
{2} Linkage = UPGMA
(3} Linkage scale = Distance
{4) COMTRELl File = None
(5) PLOTGRAM File = None
{6) VAXPLOT File = None
{7} PAUP File = None
Distance Matrix {Scale Fact= ,1E+01)
ER67-1 sC-5 SC-2 sC-1 5C-3 sC-4 ER67-2
ER67-1 . 00000
5C-5 .30600 . 00000
sC-2 .51340 . 81557 00000
SC-1 . 52663 .66801 , 42647 .00000
5C-3 .46653 .74775 20828 .40518 . 00000
5C-4 52248 . 80861 20676 . 44787 .24331 . 00000
ER67-2 .58000 . 76353 .37008 .29799 .36628 .39937 00000
Linkage Clusters Linked Distance (Scale Factor = .1E+01)
1 5C-2 SC-4 .20676
2 sC-2 sC~3 .22580
3 sC-1 ERGT7~2 .29799
4 ER67-1 sC-5 30600
5 8C-2 sc-1 .40254
6 ER67-1 sCc-2 . 64125
********************i*ERs'y_l
Aok kA hFrEE R AR AR A h hFhkk
* **i*******************SC_S
*
* ***************Sc_z
. * * %
* ********'k********************SC“4
* * *
A S ERER SRR ST E X S S ****************50_3
*
* *********************Scul
SRR EE EX
**1\'******************ERG?_z
e |=mmmmmmmneee [=mmmmme e Joemmmmmmneees | 2mm e |
1 .8 .6 A L2 0
DISTANCE

Scale Factor =
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Q Type Cluster Analysis

Data matrix read from file: juvbio_5.prn
No. of objects = i
No. of wvariables = 148

Cluster Analysis Options:

{1) Coefficient Bray-Curtis Coefficient

{2} Linkage = UPGMA
{3} Linkage scale = bistance
{4) COMTREl File = None
{5) PLOTGRAM File = None
(6) VAXPLOT File = None
(7) PAUP File = None
Distance Matrix (Scale Fact= ,1E+01}
ER67-1 sC-5 sC-2 sC-1 5C-3 5C-4 ER67-2
ER67-1 .. 00000 : .
8C-5 43062 00000
sC-2 .41443 58062 . 00000
sC-1 .36817 .41457 .40540 .00000
8C-3 .32392 .49292 .23296 .38241 L00000
s¢-4 .43888 .51373 .25639 . 46007 .30252 .00000
ER67-2 .51355 .52884 .26173 37471 .35837 .31866 . 00000
Linkage Clusters Linked Distance (Scale Factor = ,1E+01}
1 5C-2 s¢-3 .23296
2 sc-2 sC-4 .27946
3 sc-2 ER67-2 .31292
4 ER67-1 sc-1 .36817
5 ER67-1 sc-2 .41417
6 ERE67-1 - 8C-5 .48355%
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Xk k&
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Q Type Cluster Analysis

Data matrix read from file: juvbiol.prn
No. of objects 7
No. of variables 148

nu

Cluster Analysis Options:

{1) coefficient Bray-Curtis Coefficient

{2} Linkage = UPGMA
{3) Linkage scale = Distance
{(4) COMTRELl File = None
{5) PLOTGRAM File = None
{6) VAXPLOT File = None
(7} PAUP File = None
Distance Matrix (Scale Fact= ,1E+01)
ER67-1 5C-5 8C-2 SC-1 8C~3 sC-4 ERG67-2
ER67-1 .00000
8C-5 ,45941 . 00000
5C-2 .39289 .68269 . 000060
sCc-1 34920 .52098 .38825 .00000
sC-3 .32934 .61491 .22761 .39215 . 00000
8c-4 . 45037 . 63867 .24177 447986 .28922 .00000
ER67-2 .42668 .56036 .33528 .26985 .36241 .43872 .00000
Linkage Clusters Linked .Distance (Scale Factor = .1E+01)
i 5C-2 sC-3 - 22751
2 sC-2 sCc-4 .26550
3 sc-1 ER67-2 .26985
4 ER67-1 sC-1 .38784
5 ER67-1 8Cc-2 .39304
6 ER67-1 sC-5 .57950
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*
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* *
* * ****i***********sc_z
* i * & kk
* FhkkFkEkXxEEAF ****************80_3
* *
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Data matrix read

sieves)

No. of objects
No. of variables

Cluster

(1)
{2)
(3}
(4)
{5}
{6}
{7)

ER67-1
8C-5
sc-2
sC-1
SC-3
sCc-4
ER67-2

Q Type Cluster Analysis

from file: Satellite Channel total abundance {adults, juveniles, all

= 7
= 214
Analysis Options:
Coefficient = Bray-Curtis Coefficient
Linkage = UPGMA
Linkage scale = Distance
COMTRELl File = None
PLOTGRAM File = None
VAXPLOT File = None
PAUP File = None
Distance Matrix {Scale Fact= .1E+01}
ER67-1 s5C-~-5 sC-2 SC-1 sC-3 sSC-4 ER67-2
00000
.3886% . 00000
. 36605 .56317 .00000
. 47048 47737 .39027 .00000
.36916 . 56045 .28008 .47000 00000
.36140 .54831 .32143 .54366 .33742 00000
.414390 .55271 .29680 . 43401 .33505 .38449 .00000
Linkage Clusters Linked Distance (Scale Factor = .1E+01}
1 sC-2 sc-3 .28008
2 sC-2 ER67-2 31592
3 sC-2 5C-4 .34778
4 ER67-1 SC~2 .37788
5 ER67-1 sC-1i .46168
6 ER67-1 8C-5 .51528
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Q Type Cluster Analysis

Data matrix read from file: Data matrix read from file: Satellite Channel total

biomass {(adults,

No. of objects =
No. of variables =

ki
214

juveniles, all sieves)

Cluster Analysis Options:

{1}
{2)

(3}
{4)
{5)
(6)
{7}

ER67-1
SC~-5
5C-2
sc-1
sCc-3
5C-4
ER67-2

Coefficient
Linkage

Linkage scal
COMTREL File
PLOTGRAM Fil
VAXPLOT File
PAUP File

ER67-1
.00000
.48775
.44444
L 44043
.38926
.59670
54370

Linkage

Uk W B s

Bray-Curtis Coefficient

= UPGMA
e = Distance
= None
e = None
= None
= None
Distance Matrix (Scale Facts ,1E+01)
8C-5 5C-2 sc-1 8C-3 sC-4 ERE67-2
00000
57716 .00000
.43823 .46119 00000 .
.58025 .302086 L44572 . 00000
.72860 .38288 . 62011 .39050 .00000
.49994 .41148 . 42817 .54821 .59339 .000600
Clusters Linked Distance (Scale Factor = .[l1E+(1)
SC-2 8C-3 .302086
sC-2 5Cc-4 .38669
5C-1 ER67-2 L 42817
8C-5 sC-1 .46909
ER67-1 5C-2 .47680
ER67-1 sC-5 53567
*******************************i**ERs'?_l
*
kkFT ki *1\'**t***********i*****sc_z
* * ok kkkkdk
* P X EE RN **********************SC_3
* *
& ****************************Sc_4
*
* ***********************i**i******sc 5
dxkkht
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DISTANCE
Scale Factor = .(1E+01
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