/2

Pudilla Boay
National Estuarine Research Reserve Reprint Series No.18

Reprinted December 1993

ABUNDANCE, SETTLEMENT, GROWTH AND HABITAT USE BY

JUVENILE DUNGENESS CRAB, CANCER MAGISTER, IN INLAND

WATERS OF NORTHERN PUGET SOUND, WASHINGTON

Russell O. McMillan

August 1991




The Padilla Bay National Estuarine Research Reserve is one of the
reserves in the National Estuarine Research Reserve System. One of the
purposes of the Reserve is to facilitate research and monitoring at Padilla
Bay to provide information for the conservation and management of the
nation's estuaries, in particular greater Puget Sound and other estuaries in
the Pacific Northwest. The Padilla Bay National Estuarine Research
Reserve assists the dissemination of this information from research and
monitoring by publishing a Reprint Series and a Technical Report Series.

The Reprint Series includes research grant reports, out of print
agency reports and student reports dealing with the Padilla Bay estuary.
Reports are reprinted without revision or editing. Final reports for research
grants and Masters Theses should be treated as unpublished data and should
not be cited without permission of the author(s).

The Technical Report Series includes articles, reports of research
projects, data reports, bibliographies and reviews dealing with the Padilla
Bay estuary.

Communications concerning receipt or exchange of Technical
Reports or Reprints or submission of manuscripts should be directed to the
Research Coordinator at Padilla Bay National Estuarine Research Reserve.
Communications concerning the content of reports and reprints should be
directed to the author(s).

Padilla Bay National Estuarine Research Reserve
10441 Bayview-Edison Road
Mount Vernon WA 98273-9668
(360)428-1558

Padilla Bay National Estuarine Research Reserve is managed by the
Shorelands and Environmental Assistance Program, Washington State
Department of Ecology, in cooperation with the Estuarine Reserves
Division, National Oceanic and Atmospheric Administration (NOAA), U.S.
Department of Commerce. The preparation of this document was
financially aided through a grant to the Washington State Department of
Ecology with funds obtained from NOAA/Office of Ocean and Coastal
Resource Management, and appropriated for Section 306 or 315 of the
Coastal Zone Management Act of 1972, as amended.

~

)
2,
‘&’Wm‘r of Cd#

o=




Abundance, Settlement, Growth and Habitat Use

by Juvenile Dungeness Crab, Cancer magister,

in Inland Waters of Northern Puget Sound,

Washington

by

Russell 0. McMillan

A thesis submitted in partial fulfillment
of the requirements for the degree of

Master of Science

University of Washington

1991

Bibliographic citation: McMillan, Russell O. 1991. Abundance, settlement, growth and habitat use by
juvenile Dungeness crab, Cancer magister, in inland waters of northern Puget Sound, Washington. Master of
Science thesis submitted to University of Washington, Seattle. 53 pp. Padilla Bay National
EstuarineResearch Reserve Reprint Series No. 18, 1993. s

- / :::
Approved by@n& G N

(Chairperson of SUpervisory Committee)\\\\\

Program Authorized
to Offer Degree School of Fisheries

Date August 20, 1991

The Washington State Department of Ecology is an Equal Opportunity and Affirmative
Action employer. If you have special accomodation needs, please contact Linda Smith,
Department of Ecology, at (206)428-1558 or (206)757-1549 (TDD).




MASTER'S THESIS

In presenting this thesis in partial fulfillment of the requirement
for a Master's degree at the University of Washington, I agree that
the the Library shall make its copies freely available for inspection.
I further agree that extensive copying of this thesis is allowable
only for scholarly purposes, consistent with "fair use" as prescribed
in the U.S. Copyright Law. Any other reproduction for any purposes by
any means shall not be allowed without my written permission.

signature_(ydaectl (0 btc Yuillow
Date 42‘;5 HAZ 2?0,; /99/




University of Washington
Abstract
Abundance, Settlement, Growth and Habitat Use
by Juvenile Dungeness Crab, Cancer magister,

in Inland Waters of Northern Puget Sound,
Washington

by
Russell 0. McMillan

Chairperson of the Supervisory Committee: Professor David A. Armstrong
School of Fisheries

Abundance, growth and habitat use by early post-larval Dungeness crab,
Cancer magister, were examined at 5 northern Puget Sound sites between
June 1984 and September 1987. Sampling was conducted in intertidal
habitats biweekly during settlement and approximately monthly or
bimonthly thereafter. Northern Puget Sound Dungeness crab populations
appear to be largely supported by recruitment from inland parental
stocks with occasional recruitment originating from coastal or oceanic
stocks. Settlement of Dungeness crab in inland waters typically peaked
in August and interannual variation in yearclass strength at
settlement was low relative to that reported for coastal crab
populations. Spatial and interannual differences in settlement
densities were mediated by high post-settlement mortality. Post-
settlement growth rates corresponded to seasonal water temperatures
and were greatest for the coastal cohort that settled in early summer.

These crab grew rapidly to a size that allowed emigration from



intertidal to subtidal areas by September. Emigration of the late
summer cohort which settled in August occurred the following spring,
- about 10 months after settlement when crab appear to have acquired
refuge from predation in size. Mean seasonal densities of 0+ age
juvenile crab corresponded to habitat complexity. Densities were
highest in mixed sand and gravel with an overstory of attached or

drift macroalgae, intermediate in eelgrass (Zostera marina) and lowest

on bare sand.
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INTRODUCTION

Dungeness crab, Cancer magister Dana, support the largest commercial
crustacean fishery in the inland marine waters of Washington State.
Despite this, little is known regarding settlement,vearly life
history, habitat requirements or population dynamics of crab from
these waters. Several studies of 0+ age C. magister have identified
coastal estuaries and, particularly, estuarine intertidal habitat as
important nursery areas which contribute substantially to recruitment
to the coastal Dungeness crab fisheries (Cleaver 1949, Gotshall 1978,
Stevens and Armstrong 1984, Gunderson et al. 1990). Advantages
attributed to these areas are warmer temperatures, greater standing
stock biomass of food organisms and refuge from predation (Gunderson
et al. 1990). Substantially higher rates of growth are reported for
crabs that settle or reside in estuaries and shallow embayments than
members of the same yearclass found in adjacent coastal regions (Tasto
1983, Armstrong and Gunderson 1985, Gunderson et al. 1990). Higher
survival is associated with estuarine intertidal habitats that provide

refuge from predation (Dumbauld and Armstrong 1987, Doty et al. 1990).

Timing of settlement is quite similar along ﬁhe outer coast and
coastal estuaries from California to British Columbia (BC). Larval
Cancer magister are planktonic for 105 to 125 days in California
waters (Reilly 1983a) and 130 days in Oregon waters (Lough 1976).
Larvae pass through 5 zoeal stages to megalopae which occur nearshore

and enter estuaries along the coast in April and May. First and second
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instar (J1 and J2) crab are observed in May and June in San Francisco
Bay (Tasto 1983), Humboldt Bay (Gotshall 1978), and in Grays Harbor,
Washington, (Cleaver 1949, Stevens and Armstrong 1984). In the Queen
Charlotte Islands, BC, Butler (1961) observed J2 and J3 crab in early

June, suggesting that settlement occurs during May.

In contrast to early summer settlement along the coast, C. magister
settlement occurs in late summer in inland waters of the Strait of
Georgia. MacKay and Weymouth (1935) reported peak settlement in August
at Boundary Bay, BC, and Orensanz and Gallucci (1988) observed a pulse
of settlement in August at Garrison Bay, Washington. Such late
settlement may have implications on the population level (e.g.
different stocks), but certainly suggests effects on growth réte

during the first year following settlement.

Interannual and seasonal variability in density of O+ age C. magister
have been characterized for coastal systems. Recruitment varies
dramatically with interannual differences in density of newly settled
crab from 2 to 3 orders of magnitude (Tasto 1983, Dumbauld and
Armstrong 1987, Armstrong et al. 1989, Gunderson et al. 1990).
Seasonal patterns in density are marked by a rise during settlement in
early summer followed by a rapid decline over the next several weeks
with density stabilizing thereafter at lower levels (Armstrong and

Gunderson 1985).



Within the inland waters of Washington and BC, eelgrass (Zostera
marina) beds are known to serve as habitat for juvenile Dungeness crab
(Butler 1956, Thayer and Phillips 1977). However, the relative
importance of eelgrass is unknown both with respect to other habitats
or the degree of refuge from predation that it provides. Mortality
rates are high immediately following settlement and smaller crab below
25 - 30 mm carapace width (CW) are subjected to disproportionately
higher predation than larger instars (Reilly 1983b). A number of
intertidal habitats provide physical refuge from predation during the
critical first several months after settlement. Recent studies in
Washington coastal estuarine systems have compared the post-settlement
survival of Dungeness crab in intertidal habitats of varying
structural (= habitat) complexity..These were, in decreasing order of
complexity: shell deposits from natural sources and oyster culture;
eelgrass beds; and bare sand flats. Consistently higher 0+ age crab
densities in shell material were attributed to its greater structural
complexity and protection provided from predation and possibly to
attenuation of environmental stresses associated with intertidal
existence (Armstrong and Gunderson 1985, Dumbauld and Armstrong 1987,

Doty et al. 1990, Gunderson et al. 1990).

A number of studies have examined the effects of habitat complexity
and predation on abundance and distribution of benthic invertebrates.
Juvenile blue crab, Callinectes sapidus, are more abundant in
vegetated than in open habitats as are juveniles of a number of other

crustaceans species (Orth et al. 1984, Leber 1985, Main 1987, Orth and



van Montfrans 1987, Wilson et al. 1987, 1990). Predation is mediated
by habitat structure through a number of mechanisms such as reduction
of foraging efficiency and interference of visual cue predators (Coen
et al. 1981, Heck and Thoman 1981, Crowder and Cooper 1982). Habitat
complexity is positively associated with faunal abuﬁdance (Heck and
Wetstone 1977, Heck and Orth 1980, Lewis and Stoner 1983, Rader 1984,
Zimmerman and Minello 1984). The interaction of tﬁese two factors,
predation and habitat complexity, contributes to small scale
distribution of benthic invertebrate prey species (Heck and Wetstone
1977, Nelson 1979, 1981, Rader 1984, Summerson and Peterson 1984,

Wilson et al. 1987, 1990).

This study examines post-settlement, 0+ age C. magister in the inland
waters of northern Puget Sound, Washington. The objectives were to: 1)
characterize interannual and seasonal patterns of settlement, survival
- and growth of C, magister in the intertidal zone, and 2) examine
intertidal habitat use by juvenile crab. The study area is located in
northern inland waters of Washington from the Canadian border to
Anacortes, Washington, referred to herein as northern Puget Sound.
This region is noteworthy in that 75 - 90% of Washington’s inland
commercial crab fishéry landings originate here. The impetus for much
of this work was the need to better understand the ecology of this
commercially important species and particularly its dependence on
intertidal habitats. Saltwater and estuarine tidelands have been
substantially impacted by human activity over the last 50 years and

their continued destruction or alteration could significantly impact
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inland crab stocks. Bortleson et al.4(1980) examined historical trends
in 11 of the largest Puget Sound river deltas and found that nearly
60% of the coastal wetlands (tidelands) had been converted to other
uses since 1800. These tidelands continue to be at risk from pressure
to develop or expand existing marina and port indusfrial facilities
through dredging, filling and bulkhéading. In order to best manage
these tidelands and the fisheries stocks which are critically
dependent upon them, it is necessary to understand the values and

functions these intertidal regions provide.



METHODS AND MATERIALS
INTERTIDAL SURVEYS

Intertidal sampling for juvenile C. magister was coﬁducted in five
bays located in northern Puget Sound, Washington (Fig. 1). The sites
were selected based on presence of extensive intertidal flats and
eeigrass (Z. marina) beds. From north to south these were Semiahmoo
Spit, Birch Bay, Luﬁmi Bay, Samish Bay and Padilla Bay. Intertidal
regions at each of the sites are typically a mosaic of different
habitats, although eelgrass over a silt/sand substrate is the most
prevalent habitat. Other habitats are interspersed within or between
eelgrass beds and include patches of open silt or sand #nd patches of
gravel and cobble either bare or covered by attached or free drifting

macrophytes (e.g. Ulva fenestrata or Enteromorpha intestinalis).

Sampling was initiated in July 1984 and continued through September
1987. Sites were visited on approximately two week intervals during
summer months with less frequent sampling during winter months. At
each‘site a transect was established and, during 1984 and 1985, all
habitats encountered along the transect were sampled randomly. Where
practical, three or more 0.25 m? samples were collected from within
each habitat. Beginning in June 1986, samples were selected randomly
from within a plot (50 X 100 m) located adjacent to the original
transects. Macrophyte cover was categorized by the dominant species,

percent cover was visually estimated, and substrate composition (e.g.
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silt, sand, gravel or cobble) were noted for each sample. Larger
macrophytes and cobbles were removed from the sample and inspected for
the presence of ﬁegalopae or juvenile crab instars. The remainder of
the substrate was excavated to a depth of 3 - 5 cm and wet seived
through a 3 mm mesh. All crab were counted and measured for CW
(measured immediately anterior to the tenth anterolateral spine) then

returned to the beach.

DATA ANALYSIS

Three seasonal periods were defined based on life history phases and
seasonal variation in crab density occurring in the intertidal zone.
These were summer, 15 July to September 30; winter, 1 October to 30
March; spring, 1 April to 31 May. The period of 1 June to 14 July was
marked by emigration of late O+ age crab from the intertidal region
which varied in timing between years. This period was not included in
comparisons of crab density across years or across bays, but was

included in subsequent comparisons of crab density among habitats.

Five‘habitat categories were defined according to substrate type and
macrophyte cover. Substrates were divided into two categories: sand
(comprised of silt and sand), and "gravel" (comprised of a matrix of
gravel, cobble or shell, mixed with sand). Where macrophyte cover was
present, it was grouped according to dominant forms as either eelgrass
or macroalgae (e.g. U. fenestrata or E. intestinalis). The five

habitat categories were; 1) open silt/sand (bare-sand), 2) silt/sand



with macroalgae cover (sand-with-algae), 3) open gravel/cobble
(gravel), 4) silt/sand with eelgrass cover (eelgrass) and 5)

gravel/cobble with macroalgae cover (gravel-with-algae) (Table 1).

Crab density in eelgrass was used as the basis of sﬁatial and temporal
comparisons considered in this study. Mean seasonal crab density was
calculated for each combination of site and season and these mean
densities were compared across sites and years. Nonparametric
procedures (Mann-Whitney and Kruskal-Wallis tests) were used for
comparisons of mean densities as a result of non-normally distributed
counts and unequal sample sizes. Where Kruskal-Wallis tests indicated
significant differences (alpha = 0.05), a nonparametric multiple
comparisons test was performed to determine which differences were

significaht (Zar 1984).

Comparisons of crab density among habitats were conducted for three
seasonal periods to examine distribution of crab among habitats and to
observe change in distribution over time. Comparisons were performed
on the three most commonly encountered habitats; bare-sand, eelgrass,
and gravel-with-algae. Seasonal periods were settlement (summer) 1
July to 30 September, overwintering (winter) 1 October to 31 March,
and spring, 1 April to 30 June. Crab densities among habitats were
compared using Friedman’s test, a nonparametric, analysis of variance
on ranked data. Data were first grouped by season and then blocked to
isolate the effects of year, sampling trip and bay. Where all three

habitats were sampled within a block, mean density of crab was



Table 1. Habitat categories used in intertidal surveys.

10

HABITAT SUBSTRATE MACROPHYTE
CATEGORY MATERIAL COVER
Gravel-with- "Gravel" Ulva fenestrata
Algae (Matrix of Enteromorpha

Gravel, Cobble intestinalis
and Sand) Laminaria sp.
Fucus gardneri
Eelgrass Silt/Sand Zostera marina
Zostera japonica
Gravel "Gravel" ----
(Matrix of
Gravel, Cobble
and Sand)
Sand-with- Silt/Sand Ulva fenestrata
Algae Enteromorpha
intestinalis
Laminaria sp.
Bare Sand ----

Silt/Sand




calculated for each habitat. These means were then ranked and
Friedman'’s test was performed on the ranked means. Where Friedman's
tests indicated significant differences among habitats, a least
significant difference test was performed to determine which

differences were significant (Conover 1980).

11



RESULTS
PATTERNS OF SETTLEMENT

Seasonal occurrence of C. magister in the intertidai is characterized
by an abrupt increase in numbers during settlement in summer, followed
by a rapid decline to lower more constant numbers through winter and

into spring (Fig. 2). Peak densities typically occurred in August and

2 sample, Birch Bay, 16

were as high as 104 crab/m2 (single 0.25 m
August 1985). However, in most years mean (seasonél) summer density of
0+ age juvenile crab in eelgrass ranged from 5 - 32 crab/mz. Mean
densities declined by approximately 50% during the winter and ranged
from 0.3 - 1.6 crab/m2 in spring. Density declined sharply agaiﬁ
around mid-June or mid-July as late 0+ age crab emigrated from the
intertidal to the subtidal. This resulted in few of the previous

yearclass occupying the intertidal region at the onset of settlement

by a new yearclass.

A protracted period of settlement was observed for C. magister in
inland waters as indicated by the presence of first instar crab in
samples. J1 instars were seen as early as June in the north Puget
Sound region and were observed in samples through September (Fig. 3).
Most of the crab sampled from June through August were J1 and J2 and

the latter were still the most prevalent instars in September samples.
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Figure 2. Mean density of O+ age C. magister by sampling trip for
five study sites in northern Puget Sound, from June 1984 to
September 1987. Sites are listed from north to south: Semiahmoo
Spit and Birch Bay; Lummi and Samish Bays; and Padilla Bay (Data
combined for all habitats.)
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Settlement in 1984 was notably different from that observed in
subsequent years. The presence of J1, J2 and J3 instars in late June,
1984, indicated an earlier pulse of settlement had occurred around
late May. This first pulse preceded the more typical, protracted
settlement seen during July and August (Fig. 3). This early settling
oceanic cohort represented about 24% of the settling crab sampled from
the 1984 yearclass. An early settling cohort was obsefved again in

1985, but in smaller numbers.
TEMPORAL AND SPATIAL VARIABILITY

Significant differences between yearclass strength (alpha = 0.05) were
exhibited when summer or winter mean densities were compared across
years (Table 2). Comparison of yearclass strength during spring showed
interannual differences were not significant except at Lummi Bay. The
1985 yearclass had the highest mean summer densities (recruitment) at
all sites (6.6 - 32.9 crab/mz). However, this yearclass had the lowest
mean densities in spring (0.5 - 1.4 crab/mz) for all sites except
Padilla Bay. The 1987 yearclass had the lowest recruitment observed

over the four consecutive years (Table 2).

Patterns of crab abundance among bays were not consistent from one
year to the next. Significant differences in crab density among bays
occurred during summer and winter, except for the summer of 1987. In

spring, differences between bays were not significant (Table 2).
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‘GROWTH

The pattern of growth for the inland cohort was relatively consistent
between years. Mean CW was about 5 mm during peak settlement in
August, and increased to approximately 8 mm by late September (Fig.
4). From September.to November, CW increased approximately 4 mm to a
mean of 12 mm. Growth was very slow between November and early March,
with an increase of only 1 mm during this time. This period of slow
growth rates coincided with lowest mean monthly water temperatures
which ranged from 2.5 - 7.5'C (Fig. 5). After March, mean CW increased
markedly from about 13 mm to 40+ mm by July, after which the late 0+

age crab were rarely present in the intertidal samples (App. A).

Growth of the early settling cohort (seen in 1984 and to a lesser
extent in 1985) was markedly greater than that.of the later settling
cohort (Fig’s. 4 and 5). By September, mean CW of these crab had
exceeded 40 mm, although, few were present in the intertidal samples

after that time.
HABITAT USE

Eelgrass was the most prevalent habitat and accounted‘for 46 - 75% of
the sampling effort from the five sites. Bare-sand was the second most
abundant habitat followed by gravel-with-algae. Comparisons of crab

density among habitats were limited to these three habitat categories.

The remaining two habitats, sand-with-algae and gravel, were the least
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abundant and together represented from 3 - 12% of the samples from the

five sites.

Mean seasonal crab density was highest in gravel-with-algae for all
seasons, infermediate in eelgrass, and lowest in bafe-sand (Fig's. 6
and 7). In summer, mean crab densities were not significantly
different between gravel-with-algae and eelgrass (7.0 and 6.3 crab/mz,
respectively), but these were both significantly higher than crab
density on bare-sand (0.6 crab/mz)(Table 3). Crab densities were
significantly different between all three habitat categories in winter
(5.4, 4.0 and 0.2 crab/m2 in gravel-with-algae, eelgrass and bare-
sand, respectively). Crab were virtually absent from bafe-sand in
spring (less than 0.1 crab/mz) and crab density in gravel-with-algae
and eelgrass were significantly higher than sand (2.5 and 1.2 crab/mz,
respectively), although not significantly different from one another
(Table 3). Density in sand-with-algae was generally intermediate
between other habitats but this was not consistent. Gravel was the
least frequently sampled habitat and patterns of density relative to

other habitats were not evident (App. B).

Data from all sites and years were combined to examine the effect of

eelgrass density (percent cover) on C. magister density. Crab density
in summer was highest (11.3 crab/mz) in eelgrass cover of 61 - 80% and
lowest (6.1 crab/mz) in cover of 81 - 100% (Fig. 8). Crab density in

winter declined about 50% from summer densities and crab densities (3

-4 crab/m?) varied little across the range of eelgrass density. In
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Table 3. Tests for differences in mean seasonal density of C.
magister among habitats: gravel-with-algae (GRAV/A); eelgrass
(EELGR) and bare-sand (SAND). Underline denotes no significant
differences between habitats. Data was grouped by season and
then blocked for year, sampling trip and site (bay). Friedman'’s
test was performed on ranked mean densities and where
significant differences were indicated among habitats (alpha =
0.05) a protected least significant difference test was
performed to determine which differences were significant

(Conover 1980).
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HABITATS
SEASON df F Value Proba-
bility - (High) Mean Rank (Low)
Summer 2 17.51 <0.0001 EELGR GRAV/A SAND
Winter 2 33.09 <0.0001 GRAV/A EELGR SAND
Spring 2 28.65 <0.0001 GRAV /A EELGR SAND
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spring, crab density corresponded to percent eelgrass cover and crab‘
were nearly absent (less than 0.5 crab/mz) from eelgrass providing
less than 40% cover, while in cover greater than 40%, densities ranged

from 1.3 to 2.1 crab/m? (Fig. 8).



DISCUSSION
PATTERNS OF SETTLEMENT

Dungeness crab settlement in inland waters of northérn Puget Sound
occurred later and over a longer period of time than off the outer
coast of Washington. In most years, settlement in inland waters
extended from late June through September and peaked in August (Fig's.
2 and 3). This follows the pattern of timing described for Boundary
Bay, BC, in the Strait of Georgi§ (Mackay and Weymouth 1935). In
contrast, settlement along the Washington coast is characterized by a
strong, short term pulse of settlement during May or June (Stevens and

Armstrong 1984, Dumbauld and Armstrong 1987, Gunderson et al. 1990).

A bimodal pattern of crab settlement occurred in the study area, in
1984 and to a lesser extent in 1985, similar to that described by
Orensanz and Gallucci (1988) for Garrison Bay, San Juan Island, and
other sites in the northern Puget Sound area (Dinnel et al. in
preparation). The two cohorts appear to be derived from different
parental stocks. The larger size at settlement and timing of the early
cohort corresponded to coastal stocks (oceanic cohort), while the
later cohort of smaller sized individuals resembled the pattern
attributed to south Strait of Georgia stocks (referred to herein as
Puget Sound cohort) (MacKay and Weymouth 1935, Orensanz and Gallucci
1988, Dinnel et al. in preparation). At the northern Puget Sound study

sites, the oceanic cohort comprised about 24% of the juvenile crab
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that were sampled during summer (settlement) in 1984. Contribution of

the oceanic cohort was negligible for the 1985 yearclass.

High settlement in 1985 at the five study sites is consistent with a
similarly strong yearclass along the outer coasé (Gunderson et al.
1990) . However, it is unknown whether a this was coincidence or if
factors contributing to a high settlement on the coast may also affect
inland settlement. Contribution by the (early settling) oceanic cohort
could not account for the high settlement in inland waters (Fig. 3)
and except for 1985, patterns of yearclass strength were not

consistent between inland study sites and coastal systems.
TEMPORAL AND SPATIAL VARIABILITY

Magnitude of recruitment varied significantly between years, however,
interannual variation in northern Puget Sound was notably less than
that described for coastal Washington. The maximum difference in
recruitment observed in this study was an order of magnitude, whereas,
in Grays Harbor and adjacent nearshore areas, interannual differences
in recruitment as great as three §rders of magnitude havé been

reported (Dumbauld and Armstrong 1987, Armstrong et al. 1989).

' The dynamics of larval transport are implicated in the higher
variability of recruitment in oceanic versus inland stocks of C.
magister. The planktonic zoeal stages of oceanic stocks are dispersed

progressively farther offshore by oceanic and atmospheric events
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(Lough 1976, Reilly 1983a, Jamieson and Phillips 1988). It is
hypothesized that zoea are carried in longshore currents and dispersed
offshore by Ekman transport, upwelling events and estuarine plumes.
Some megalopae may then return to shallow nearshore regions or
estuaries in order to successfully settle and metamcrphose (Lough
1976, Hatfield 1983, Reilly 1983a). Successively later developmental
stages of megalopae are reported to occur closer towards shore
(Hatfield 1983, Jamieson and Phillips 1988). However, it is unknown
what mechanism of transport accounts for this or whether larvae
carried offshore are able to return. Jamieson and Phillips (1988)
suggest that offshore transport may result in larval wastage with few
larvae actually returning to nearshore areas to settle successfully.
If this were the case, lower settlement would be expected when
conditions such as upwelling, Ekman transport or estuarine plumes
increased offshore transport. Alternatively, storms, gyres or near
bottom currents are proposed as possible mechanisms of retaining
larvae nearshore (Lough 1976, Hatfield 1983, Jamieson and Phillips

1988).

ﬁhether settlement is from larvae that are retained nearshore or
dispersed‘cffshore and then transported back onshore, the oceanic and
atmospheric conditions that drive retention or transport mechanisms
are highly variable. An example of the broadest scale of variation was
given by Jamieson and Phillips (1988) who suggest that larvae off
Vancouver Island could theoretically have originated anywhere from

northern California to southern Alaska, given the currents in the
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aréa. The possible effect of currents on distribution and transport of
megalopae off Vancouver Island was reported by Jamieson and Phillips
(1988). Settlement was low during the 1985 season despite relatively
abundant megalopae located 38 - 148 km offshore. These megalopae were
concentrated between surface currents flowing in opposite directions
and it was concluded that the northward flowing Vanéouver Island
Coastal Current may sometiﬁes serve as a barrier to onshore movement
and successful settlement. Storm events may be required to transport
megalopae through such a barrier (Armstrong et al. 1989). Lough (1976)
examined larval abundance off Oregon during 1970 and 1971 and reported
a substantial difference between years in abundance of megalopae. The
lower abundance in 1971 occurred despite similar abundance of early
stage zoea for the two years and was attributed to unusually severe

weather in February and March, 1971.

A similar model of larval dispersal and transport is believed to
contribute to variability in recruitment of blue crab, Callinectes
sapidus (Sulkin and Van Heukelem 1982, Epifanio et al. 1984, Sulkin
and Epifanio 1986, Lipcius et al. 1990). Modeling of wind and current
induced drifts of blue crab larvae revealed that the wind component
had the greatest effect on recruitment and that it could either
increase or decrease recruitment (Johnson and Hess 1990). The
stochastic nature of environmental stressés (including storm events,
current strength and direction, wind-driven Ekman transport, etc.) are

thought to contribute to the variable settlement along the coast for
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Dungeness crab, though the extent is subject to debate (Armstrong

1983, Hankin 1985, Botsford 1986).

In contrast to the wide dispersal of larvae in coastal waters, larvae
in waters surrounded by land may remain nearshore throughout their
planktonic phase (Jamieson and Phillips 1988). This could explain the
lower interannual variaﬁility in settlement observed in northern Puget
Sound, since these larvae were not subjected to the magnitude of
dispersal or variability in transport experienced by larvae in coastal
waters. Despite lower variability between years in inland waters,
significant differences in settlement did occur between years and
between bays (Table 2). Further, patterns of settlement among bays
were not consistent between years (i.e. Birch Bay had the highest
settlement in 1984, but the second lowest in 1986). It appears that
variable environmental factors (winds, circulation, etc.) that
contribute to widely variable settlement along the coast, may also
affect distribution of larvae, and subsequent settlement in inland
waters, though to a lesser degree. These factors probably account for
the differences in settlement seen over the scale of several

kilometers between bays in the study area.

Northern Puget Sound stocks of C. magister do not appear to be
recruitment limited. The number of crab surviving ten months to a year
after settlement was independent of the magnitude of settlement for
that yearclass. For example, the 1985 yearclass had the highest

settlement of four consecutive years but the lowest mean spring
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densities (Fig. 2, Table 2). Further, yearclass strength in spring did
not differ significantly among years (except'at Lummi Bay), despite
significant differences in settlement among years. This suggésts that
factors other than recruitment drive the population size of late 0+

age crab in northern Puget Sound.

GROWTH

Growth of post-settlement, 0+ Dungeness crab is strongly temperature-
dependent with considerably higher rates attributed to warmer
estuarine than oceanic environments (Tasto 1983, Armstrong and
Gunderson 1985, Gunderson et ai. 1990). Growth of the two 1984 cohofts
within Puget Sound reflect different temperature regimes following
settlement. The oceanic cohort which settled early (May/June)vin the
intertidal region reared in water temperatures that increased to over
15‘C for most of summer (Fig.KS). In contrast, the Puget Sound Cohort
settled in August and was exposed to only one month of‘temperatures
exceeding 15‘C. Four months after settlement, mean CW's for the
oceanic cohort and Puget Sound cohort were 39 mm and 12 mm,
respectively (Fig. 5). By late September, the oceanic cohort had
apparently emigrated from the intertidal to subtidal since very few
occurred in intertidal samples. The Puget Sound cohort was present in
the intertidal through the winter and into the following spring.
During the period from late November through early March growth of the
inland cohort was virtually halted when water temperatures fell below

about 7.5 C. As temperatures increased the following March the rate
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of growth for the Puget Sound cohort rose dramatically until these
crab moved to the subtidal in June. In addition to differences in
rearing temperatures, the smaller size of the Puget Sound cohort at
the time of settlement also contributed to the greater time required
to reach a given CW. Puget Sound J1 crab had a mean‘CW of 5.3 mm CW
and had to undergo one additional molt to reach the initial size (7.2
mm CW) of the oceanic cohort J1 instar (Oremsanz and Gallucci 1988,

Dinnel et al. in preparation).
HABITAT USE

Intertidal habitats such as eelgrass, shell material, and macroalgae
provide small juvenile ﬁungeness crab with refuge from predation
(Butler 1961, Stevens and Armstrong 1984, Dumbauld and Armstrong 1987,
Doty et al. 1990). Availability of refuge is especially important
immediately following settlement and for the ensuing few months as
predation appears to be size dependent and contributes significantly
to natural mortality during this time. In the San Francisco area, fish
predation on juvenile C. magister was almost exclusively on crab of 30
mm CW or less (Reilly 1983b). Staghorn sculpin (Leptocottus armatus)
in Grays Harbor estuary also feed predominantly on small instars J1-J4
and seldom on larger crab (D. Armstrong, UW unpublished data). The
marked decrease in predation on larger crab suggests that refuge from
predation is gained in size, reducing dependence on intertidal habitat
as refuge. The hypothesis of a size refuge against predation is

‘supported by the observed emigration of crab from Puget Sound
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intertidal eelgrass beds into the unvegetated subtidal channels upon
their reaching a CW of approximately 30 mm (Dinnel et al. 1986, 1987).
This is consistent with habitat partitioning by size reported for C.
magister in coastal estuaries. During summer, juvenile crab were
abundant in intertidal habitats but abundance decliﬁed rapidly once
crab had grown to about 30 mm CW in Willapa Bay (Doty et al. 1990) and
Grays Harbor where they subsequently appeared in subtidal trawl
catches (Stevens and Armstrong 1984, Armstrong and Gunderson 1985,
Dumbauld and Armstrong 1987, Gunderson et al. 1990). Orth and van
Montfrans (1987) report a similar ontogenetic shift in habitat for the
blue crab, Callinectes sapidus, though refuge appears to be gained at

a smaller size for this species.

In the northern Puget Sound study area, intertidal habitat categories,
gravel-with-algae and eelgrass, provide refuge for newly settled C.
magister. Highest seasonal crab densities were consistently associated
with gravel-with-algae although means were not significantly different
from eelgrass for summer or spring (Fig. 7, Table 3). Crab density on
bare-sand was significantly lower than the other two habitats for all
three seasons and fewer than 0.1 crab/m2 were present on bare-sand in
spring. Survival from summer to spring varied among habitats and
presumébly reflects the quality of refuge provided by the different
habitats. Mean spring crab densities, expressed as perceﬁt survival
from summer densities were: 36% for gravel-with-algae; 19% for

eelgrass and only 5% for bare-sand.
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For coastal estuarine systems, high survival of crab in shell was
attributed to the three dimensional structure or complexity which
provides refuge from predation (Dumbauld and Armstrong 1987, Doty et
al. 1990). Likewise, the higher survival of 0+ age crab in the habitat
category, gravel-with-algae, appears to be a function of the highly
structured substrate surface in combination with an overstory of
attached or drifting macroalgae. The highly complex surface topography
may directly reduce predation by visual or physical interference and,
combined with the additional effects of the vegetative overstory, may
explain the higher crab densities. The intermediate survival of crab
in eelgrass, relative to other habitats, is in accord with the
relative complexity of this habitat. The low survival of crab (only
5%) on bare-sand is consistent with the low complexity of this habitat

and the poor quality of refuge that it provides.

The association of increasing crab deﬁsity (or survival) with
increasing habitat complexity was also observed within eelgrass.
Percent cover (= density) of eelgrass serves as a measure of relative
habitat complexity. Crab appear to recruit to eelgrass in summer
without regard to density of the plants (Fig. 8). However, survival of
crab over time was dependent on percent cover of eelgrass. This shift
in distribution conforms to predation-influenced patterns for
crustacean fauna in vegetated aquatic habitats. Density of many
crustacean species is positively correlated to density of, or degree
of refuge provided by, Z. marina (Nelson 1979, Heck and Orth 1980,

Heck and Thoman 1984, Summerson and Peterson 1984, Orth and van
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Montfrans 1987, Wilson et al. 1987) or other seagrasses (Heck and
Wetstone 1977, Coen et al. 1981, Nelson 1981, Orth et al. 1984, Leber
1985, Heck and Wilson 1987). Additionally, O+ crab were nearly absent
in spring where eelgrass cover was less than 40% (Fig. 3). This was
consistent with other studies that reported a minimﬁm or threshold
level of vegetation density required to significantly reduce predation

(Nelson 1979, Heck and Thoman 1981).

Structured or complex habitats provide protection from the
environmental rigors of the intertidal environment as well as refuge
from predation. The author observed an episode of settlement at
Semiahmoo Spit during late July, 1986, in which megalopae that
occurred on bare-sand did not survive exposure at low tide. Megalopae
were observed among eelgrass and on exposed bare-sand ﬁhere estimated
densities were up to 10/m2. These had apparently sought refuge by
burying just below the surface of the sand during the outgoing tide.
However, over the course of exposure at low tide, most appeared to
have succumbed to heat and desiccation. Perhaps as a reaction to
stress, megalopae had struggled partly out of the sand, and were
exposed at the sand surface. Glaucous winged gulls and crows were
observed foraging over the bare-sand for the abundant megalopae. Those
in adjacent eelgrass beds were protected from desiccation, high
temperatures, and foraging birds and were alive and vigorous just

prior to inundation by the incoming tide.



36
Eelgrasé provides similar protection from moderate freezing in winter,
although severe winter conditions may kill crab outright or indirectly
through extensive reduction in eelgrass beds. Outflow of cold air
masses from the Fraser River canyon can create conditions of extended
below-freezing weather in the study area. During 1990, periods of high
winds and freezing temperatures in combination with low tides
contributed to the loss of extensive intertidal beds of eelgrass in
Padilla Bay (R. Thom, Battelle Mar. Sci. Lab., pers. commun.). I
speculate that if crab were able to survive the extreme conditions by
burial in the substrate, they would still be subject to increased

predation due to loss of refuge provided by eelgrass.

In summary, stocks of Dungeness crab in northern Puget Sound are
primarily supported by recruitment from inland parental stocks.
Settlement varied significantly over the scale of several kilometers
between bays in the study area and between years. Variability in
settlement, both across bays and across years is mediated by high
post-settlement mortality which appears to be the result of heavy
predation. Small scale spatial distribution of O+ age Dungeness crab
(améng intertidal habitats) corresponded to habitat complexity. This
association is at least partly driven by predation although other
factors may contribute. For example, active selection among habitats
may occur at the time of settlement. Following settlement, juvenile
crab are dependent upon intertidal habitats for refuge from predation
'until they reach a size refuge (about 30 mm CW). Crab then emigrate

from the intertidal to subtidal areas. This occurs after a period of



37
intertidal residency of about ten months for crab originating from
inland parental stock. Larvae of oceanic parental stocks are
occasionally are transported into, and settle in, the northern Puget
Sound area. These crab reside intertidally for only three to four
months due to earlier settlement, faster growth thr§ugh the warmer

summer months and larger initial size.



LIST OF REFERENCES

Armstrong, D. A.

1983. Cyclic crab abundance and relationship to environmental
causes. In W. S. Wooster (editor), From year to year:
interannual variability of the environment and fisheries of the
Gulf of Alaska and the eastern Bering Sea. p. 102-110. Wash.
Sea Grant Publ WSG_WO0-83-3.

Armstrong, D. A., L. Botsford, and G. Jamieson.

1989. Ecology and population dynamics of juvenile Dungeness crab
in Grays Harbor estuary and adjacent nearshore waters of the
southern Washington coast. Rep. to U.S. Army Corps of
Engineers, Seattle District, 140 p.

Armstrong, D. A., and D. R. Gunderson.
1985. The role of estuaries in Dungeness crab early life history:
A case study in Grays Harbor, Washington. In Proceedings of the
Symposium on Dungeness Crab Biology and Management, p. 145-170.
Alaska Sea Grant Rep. 85-3.

Bortleson, G. C., M. J. Chrzastowski, and A. K. Helgerson.
1980. Historical changes of shoreline and wetland at eleven major
deltas in the Puget Sound region, Washington. U.S. Geological

Survey, Hydrological Investigations Atlas, HA-617.

Botsford, L. W.
1986. Population dynamics of the Dungeness crab (Cancer magister).
In G. S. Jamieson and N. Bourne (editors), North Pacific
workshop on stock assessment and management of invertebrates.
p. 140-153. Can. Spec. Publ. Fish. Aquat. Sci. 92.

Butler, T. H.
1956. The distribution and abundance of early postlarval stages of
the British Columbia commercial crab. Fish. Res. Board Can.,
Prog. Rep. 107:22-23.
1961. Growth and age determination of the Pacific edible crab,
Cancer magister Dana. J. Fish. Res. Board Can. 18:873-891.

Cleaver, F. C.
1949. Preliminary results of the coastal crab (Cancer magister)
investigation. Wash. Dep. Fish. Biol. Rept. 49:47-82.

Coen, L. D., K. L. Heck, Jr., and L. G. Abele.
1981. Experiments on competition and predation among shrimps of
seagrass meadows. Ecology 62:1484-1493.



39

Conover, W. J.
1980. Practical nonparametric statistics. 2nd edn. John Wiley and

Sons, Inc.,New York.

Crowder, L. B., and W. E. Cooper.
1982. Habitat structural complexity and the interaction between
bluegill and their prey. Ecology 63:1802-1813.

Dinnel, P. A., D. A. Armstrong, and R. 0. McMillan.
In preparation. Settlement patterns, timing and early post-larval
growth of Dungeness crab, Cancer magister, in Puget Sound,
Washington.

Dinnel, P. A., D. A. Armstrong, and R. O. McMillan.
- 1986. Dungeness crab, Cancer magister, distribution, recruitment,
growth and habitat use in Lummi Bay, Washington. Univ.
Washington, School of Fisheries Rept. FRI-UW-8612:1-61.

Dinnel, P. A., R. O. McMillan, D. A. Armstrong, T. C. Wainwright, and
A. J. Whiley.
1987. Padilla Bay Dungeness crab, Cancer magister, habitat study.
Univ. Washington, School of Fisheries Rept. FRI-UW-8704:1-78.

Doty, D. C., D. A. Armstrong, and B. R. Dumbauld.

1990. Comparison of Carbaryl pesticide impacts on Dungeness crab
(Cancer magister) versus benefits of improved refuge habitat
derived from oyster culture in Willapa Bay, Washington. Univ.
Washington, School of Fish. Rep. FRI-UW-9020, 90 p.

Dumbauld, B. R., and D. A. Armstrong.
1987. Potential mitigation of juvenile Dungeness crab loss during
dredging through enhancement of intertidal shell habitat in
Grays Harbor, Washington. Univ. Washington, School of Fish.
Rep. FRI-UW-8714, 64 p.

Epifanio, C. E., C. C. Valenti, and A. E. Pembroke.
1984. Dispersal and recruitment of blue crab larvae in Delaware
Bay, U.S.A.. Estuar. cstl Shelf Sci. 18:1-12.

Gotshall, D. W.
1978. Relative abundance studies of Dungeness crab, Cancer
magister, in northern California. Calif. Fish Game 64:24-37.

Gunderson, D. R., D. A. Armstrong, Y. Shi, and R. A. McConnaughey.
1990. Patterns of estuarine use by juvenile English sole
(Parophrys vetulus) and Dungeness crab (Cancer magister).
Estuaries 13:59-71.



40

Hankin, D. G.

1985. Proposed explanation for fluctuations in abundance of
Dungeness crabs: a review and critique. In Proceedings of the
Symposium on Dungeness crab biology and management. p. 305-326.
Alaska Sea Grant Rept. 85-3.

Hatfield, S. E.
1983. Intermolt staging and distribution of Dungeness crab, Cancer
magister, megalopae. In P. W. Wild and R. N. Tasto (editors),
Life history, environment, and mariculture studies of the
Dungeness crab, Cancer magister, with emphasis on the central
California fishery resource. p. 85-96. Calif. Dep. Fish Game
Fish Bull. 172.

Heck, K. L., Jr., and R. J. Orth.
1980. Structural components of eelgrass (Zostera marina) meadows
in the lower Chesapeake Bay-decapod crustacea. Estuaries 3:289-
295.

Heck, K. L., Jr., and T. A. Thoman.
1981. Experiments on predator-prey interaction in vegetated
aquatic habitats. J. Exp. Mar. Biol. Ecol. 53:125-134.
1984. The nursery role of seagrass meadows in the upper and lower
reaches of the Chesapeake Bay. Estuaries 7:70-92.

Heck, K. L., Jr., and G. S. Wetstone.
1977. Habitat complexity and invertebrate species richness.and
abundance in tropical seagrass meadows. J. Biogeo. 4:135-142.

Heck, K. L., Jr., and K. A. Wilson.

1987. Predation rates on decapod crustaceans in latitudinally
separated seagrass communities: a study of spatial and temporal
variation using tethering techniques. J. Exp. Mar. Biol. Ecol.
107:87-100.

Jamieson, G. S., and A. C. Phillips.
1988. Occurrence of Cancer crab (C. magister and C. oregonensis)
megalopae off the west coast of Vancouver Island, British
Columbia. Fish. Bull. 86:525-542.

Johnson, D. F., and K. W. Hess.
1990. Numerical simulations of blue crab larval dispersal and
recruitment. Bull. Mar. Sci. 46:195-213.

Leber, K. M.
1985. The influence of predatory decapods, refuge and microhabitat
selection on seagrass communities. Ecology 66:1951-1964.



41

Lewis, F. G., and A. W. Stoner.
1983. Distribution of macrofauna within seagrass beds: an
explanation for patterns of abundance. Bull Mar. Sci. 33:296-
304.

Lipcius, R. M., E. J. Olmi, III, and J. van Montfranms.
1990. Planktonic availability, molt stage and settlement of blue
crab postlarvae. Mar. Ecol. Prog. Ser. 58:235-242.

Lough, R. G.
1976. Larval dynamics of the Dungeness crab, Cancer magister, off
the central Oregon coast, 1970-1971. U.S. Nat. Mar. Fish. Serv.

Fish. Bull. 74:353-376.

MacKay, D. C. G., and F. W. Weymouth.
1935. The growth of the Pacific edible crab, Cancer magister Dana.
J. Biol. Board Can. 1:191-212.

Main, K. L.
1987. Predator avoidance in seagrass meadows: prey behavior,
microhabitat selection, and cryptic coloration. Ecology 68:170-
180.

Nelson, W. G.
1979. Experimental studies of selective predation on amphipods:
consequences for amphipod distribution and abundance. J. Exp.
Mar. Biol. Ecol. 38:225-245.
1981. Experimental studies of decapod and fish predation on
seagrass macrobenthos. Mar. Ecol. Prog. Ser. 5:141-149.

Orensanz, J. M., and V. F. Gallucci.
1988. Comparative study of postlarval life history schedules in
four sympatric species of Cancer (Decapoda: Brachyura:
Cancridae). J. Crust. Biol. 8:187-220.

Orth, R. J., K. L. Heck, Jr., and J. van Montfrans.
1984. Faunal communities in seagrass beds: a review of the
influence of plant structure and prey characteristics on
predator-prey relationships. Estuaries 7(4A):339-350.

Orth, R. J., and J. van Montfrans.

1987. Utilization of a seagrass meadow and tidal marsh creek by
blue crabs Callinectes sapidus. I. seasonal and annual
variations in abundance with emphasis on post-settlement
juveniles. Mar. Ecol. Prog. Ser. 41:283-294.

Rader, D. N. ,
1984. Salt-marsh benthic invertebrates: small-scale patterns of
distribution and abundance. Estuaries 7:413-420.



42

Reilly, P. N.

1983a. Dynamics of Dungeness crab, Cancer magister, larvae off
central and northern California. In P. W. Wild and R. N. Tasto
(editors), Life history, environment, and mariculture studies
of the Dungeness crab, Cancer magister, with emphasis on the
central California fishery resource. p. 57-84. Calif. Dep. Fish
Game Fish Bull. 172.

1983b. Predation on Dungeness crab, Cancer magister, in central
California. In P. W. Wild and R. N. Tasto (editors), Life
history, environment, and mariculture studies of the Dungeness
crab, Cancer magister, with emphasis on the central California
fishery resource. p. 155-164. Calif. Dep. Fish Game Fish Bull.

172.

Stevens, B. G., and D. A. Armstrong.
1984. Distribution, abundance, and growth of juvenile Dungeness
crabs, Cancer magister, in Grays Harbor estuary, Washington.

Fish. Bull., U.S. 82:469-483.

Sulkin, S. D., and C. E. Epifanio.

1986. Natural regulation of juvenile recruitment in the blue crab
(Callinectes sapidus Rathbun) and its consequences for sampling
and management strategy. Spec. Publs Can. Fish. Aquat. Sci.
92:117-123.

Sulkin, S. D., and W. Van Heukelem.
1982. Larval recruitment in the crab Callinectes sapidus Rathbun:
an amendment to the concept of larval retention in estuaries.
In V. S. Kennedy (editor) Estuarine comparisons. Academic
Press, New York, p. 459-475.

Summerson, H. C., and C. H. Peterson.
1984. Role of predation in organizing benthic communities of a
temperate-zone seagrass bed. Mar. Ecol. Prog. Ser. 15:63-77.

Tasto, R. N.
1983. Juvenile Dungeness crab, Cancer magister, studies in the San
Francisco Bay area. In P. W. Wild and R. N. Tasto (editors),
Life history, environment, and mariculture studies of the
Dungeness crab, Cancer magister, with emphasis on the central
California fishery resource. p. 135-154. Calif. Dep. Fish Game
Fish Bull. 172.

Thayer, G. W., and R. C. Phillips.
1977. Importance of eelgrass beds in Puget Sound. Mar. Fish. Rev.

39:18-22.

Wilson, K. A., K. L. Heck, Jr., and K. W. Able.
1987. Juvenile blue crab, Callinectes sapidus, survival: an
evaluation of eelgrass, Zostera marina, as refuge. Fish. Bull.
85:53-58.



43

Wilson, K. A., K. W. Able, and K. L. Heck.
1990. Predation rates on juvenile blue crabs in estuarine nursery
habitats: evidence for the importance of macroalgae (Ulva
lactuca). Mar. Ecol. Prog. Ser. 58:243-251.

Zar, J. H.
1984. Biostatistical analysis. Prentice-Hall. Englewood Cliffs,

N.J. 718 p.

Zimmerman, R. J., and T. J. Minello.
1984 . Densities of Penaeus aztecus, Penaeus setiferous, and other
natant macrofauna in a Texas salt marsh. Estuaries 7:421-433.



APPENDIX A
INTERTIDAL SURVEY DATA

Juvenile Dungeness Crab Mean Carapace Widths
Summarized by Trip and Yearclass

TRIP! YEAR- MEAN CW> STDDEV  No. of

cLASS? (mm) . CRAB
1 84C 12.00 4.07 27
1 841 5.10 .32 10
2 84C 15.80 5.13 115
2 841 5.40 1.04 9%
3 84C 21.68 5.92 73
3 841 6.03 2.08 220
4 84C 23.50 71 2
4 841 8.33 3.08 9
5 84C 30.00 7.60 22
5 841 6.29 2.94 178
6 841 7.67 1.53 3
7 84C 39.31 7.41 16
7 841 9.26 4.34 288
8 84C 33.33 2.08 3
8 841 10.75 4.82 141
9 84C 43.00 . 1
9 841 11.81 4.51 89
10 84C 52.25 4.86 4
10 841 12.08 2.93 62
11 84C 59.00 . 1
11 841 12.15 3.68 46
12 841 13.12 2.93 49
13 841 18.10 5.87 101
14 841 21.92 6.17 103
15 841 29.87 8.35 31
16 841 40.00 3.61 3
17 851 5.61 1.27 23
18 851 4.86 .91 57
19 851 5.98 1.51 133
20 851 6.17 2.41 402
21 851 7.12 2.87 548
22 851 8.24  "3.56 148
23 851 12.22 4.25 94
24 851 12.61 3.90 41
25 851 18.91 4.26 124
27 851 33.60 3.36 5
28 851 34.13 5.91 8
29 851 42.67  10.61 6
29 861 5.67 1.53 3
30 851 39.50  12.27 8



TRIP YEAR-
CLASS
30 861
31 861
33 861
35 861
36 861
37 861
38 861
39 861
40 861
40 871
41 871
42 871

MEAN

cw

(mm)

6.
.32

5

5.
16.
26.
33.
32.
46.
47.

4,

6.
.80

7

00

00
87
07
24
00
07
71
68
30

STDDEV

oW =N

O oo

w =

13
17
42
60
.03
.58
.78
.90

.94
.40

1 Trip numbers were designated for a study of

entire Puget Sound region and only those
trips in which sampling occurred at one of
the five northern Puget Sound study sites
are included here. Trip dates are included
in Appendix B.

2 Yearclass designates year of settlement and

parental stock (e.g. 841 = 1984 Yearclass

from Inland parental stock; 84C = 1984
Yearclass from Coastal (or Oceanic)
parental stock).

3 Carapace Width measured anterior to tenth
anterolateral spine.

45

No. of
CRAB

12
192

31
45
17

14
38

50
125



APPENDIX B

INTERTIDAL SURVEY DATA
Juvenile Dungeness Crab Density
Summarized by Sampling Trip, Site and Habitat

TRIPL  YEAR MONTH DAY  SITEZ HABITAT> DENSI STDERR  No. of
(Bay) (crab/m®) SAMPLES
1 8 6 29 3 5.00 2.00 2.83 2
1 84 6 29 3 1.00 6.29 9.20 7
1 84 6 29 3 3.00 .00 .00 5
1 8 6 29 3 2.00 10.67  10.58 9
1 8 6 29 3 4.00 2.67 2.31 3
2 84 7 13 3 5.00 14.00  14.79 4
2 84 7 13 3 1.00 18.59  19.08 17
2 84 7 13 3 3.00 .67 1.53 18
2 84 7 13 3 2.00 9.09 9.14 11
2 84 7 13 3 4.00 4.00 . 1
2 84 7 12 6 1.00 2.10 4.84 21
2 84 7 12 6 3.00 .67 1.63 6
2 84 7 12 6 2.00 5.71 7.80 14
2 8 7 14 9 1.00 9.26  15.38 19
2 8 7 14 9 3.00 .00 .00 14
2 8 7 14 9 2.00 1.50 4.24 8
3 84 7 28 3 5.00  33.33  23.42 6
3 84 7 28 3 1.00 14.60  11.98 20
3 84 7 28 3 3.00 2.00 4.09 2
3 84 7 27 6 5.00 .00 .00 2
3 8 7 25 6 1.00 3.34 8.37 67
3 84 7 25 6 3.00 .19 .87 21
3 84 7 27 6 2.00 5.07 5.34 15
3 84 7 27 6 4.00 .00 . 1
3 84 7 29 9 1.00 6.92  10.84 48
3 84 7 29 9 3.00 .00 .00 15
4 8 8 9 6 1.00  14.67  12.86 3
4 84 8 9 6 3.00 .00 . 1
4 86 8 9 6 2.00 .00 . 1
5 8 8 25 3 5.00 15.00  16.45 4
5 8 8 25 3 1.00  14.48  14.17 21
5 8 8 25 3 3.00 .60 1.96 20
5 84 8 25 3 2.00 .00 . 1
5 84 8 24 6 5.00 .00 .00 2
5 84 8 24 6 1.00 6.00 8.97 40
5 84 8 24 6 3.00 .00 .00 19
5 84 8 24 6 2.00 .67 1.63 6
5 84 8 26 9 1.00 4.86 6.33 37



47

TRIP YEAR MONTH DAY SITE HABITAT DENSI STDERR No. of
(Bay) (crab/m®) SAMPLES
5 84 8 26 9 3.00 .22 .94 18
5 84 8 26 9 2.00 13.33 12.86 3
6 84 9 6 6 5.00 .00 . 1
6 84 9 6 6 1.00 3.00 3.83 4
6 8 9 6 6 2.00 .00 . 1
6 84 9 6 6 4.00 .00 © .00 2
7 84 9 22 3 5.00 7.20 20.12 10
7 84 9 22 3 1.00 5.76 10.07 25
7 84 9 22 3 3.00 .89 1.76 9
7 84 9 22 3 4.00 35.00 42.25 4
7 84 9 21 6 5.00 .00 . 1
7 8 9 21 6 . 1.00 4.60 6.66 60
7 84 9 21 6 3.00 .00 .00 16
7 84 9 21 6 2.00 20.00 16.97 4
7 846 9 23 9 5.00 18.67 6.11 3
7 84 9 23 9 1.00 12.00 15.22 34
7 84 9 23 9 3.00 .00 .00 13
7 84 9 23 9 4.00 .00 . 1
8 8 10 26 3 5.00 3.20 4.54 10
8 84 10 26 3 1.00 8.59 11.88 27
8 84 10 26 3 3.00 .00 .00 9
8 84 10 26 3 4.00 13.33 11.78 6
8 84 10 26 6 5.00 .00 . 1
8 84 10 25 6 1.00 3.35 4.96 31
8 84 10 25 6 3.00 1.23 2.52 13
8 84 10 26 6 2.00 16.00 1
8 84 10 26 6 4.00 .00 . 1
8 84 10 27 9 5.00 12.00 8.00 3
8 84 10 27 9 1.00 2.77 5.40 26
8 84 10 27 9 3.00 .00 .00 5
8 84 10 27 9 4,00 .00 . 1
9 84 11 24 3 5.00 12.00 4.00 3
9 84 11 24 3 1.00 5.07 4.65 15
9 84 11 24 3 3.00 .33 1.15 12
9 84 11 24 3 4.00 2.22 3.53 9
9 84 11 25 6 5.00 8.00 . 1
9 84 11 25 6 1.00 1.18 2.53 44
9 84 11 25 6 3.00 .00 .00 14
9 84 11 25 6 2.00 8.00 11.31 2
9 84 11 23 9 5.00 16.00 4.00 3
9 84 11 23 9 1.00 3.33 5.66 30
9 ] 84 11 23 9 3.00 44 1.33 9
10 84 12 20 3 1.00 3.83 4,93 24
10 84 12 20 3 3.00 1.67 2.06 12
10 84 12 20 3 4.00 7.50 3.34 8
10 85 1 9 6 1.00 1.78 2.91 9
10 85 1 9 6 3.00 .00 .00 4
10 85 1 9 6 2.00 .00 . 1
10 84 12 19 9 5.00 4.00 1
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TRIP YEAR MONTH DAY SITE HABITAT DENSI STDERR No. of
' (Bay) (crab/m®) SAMPLES
19 85 7 31 1 1.00 14.50 16.32 16
19 85 7 31 1 3.00 .50 1.41 8
19 85 7 31 1 2.00 .00 .00 2
19 85 8 1 3 5.00 13.33 13.78 6
19 85 8 1 3 1.00 18.67 10.07 3
19 85 8 1 3 3.00 .00 .00 6
19 85 7 29 6 5.00 .00 .00 6
19 85 7 29 6 1.00 3.50 5.30 40
19 85 7 29 6 3.00 .19 .87 21
19 85 7 29 6 2.00 1.33 2.31 3
19 85 7 30 10 1.00 .57 1.63 49
19 85 7 31 10 2.00 .00 .00 4
20 85 8 17 1 5.00 2.00 2.83 2
20 85 8 17 1 1.00 18.12 18.17 17
20 85 8 17 1 3.00 .00 .00 3
20 85 8 17 1 2.00 1.33 2.31 3
20 85 8 16 3 1.00 37.82 33.15 11
20 85 8 16 3 3.00 1.33 2.07 6
20 85 8 16 3 2.00 4.00 .00 2
20 85 8 16 3 4.00 .00 .00 2
20 85 8 16 6 1.00 18.22 22.17 18
20 85 8 17 10 5.00 57.33 6.11 3
20 85 8 17 10 1.00 28.44 11.39 9
20 85 8 17 10 3.00 .00 .00 3
20 85 8 17 10 2.00 16.00 4.00 3
20 85 8 17 10 4.00 11.33 7.76 6
21 85 8 28 1 1.00 17.17 12.40 24
21 85 8 28 1 3.00 .00 .00 6
21 85 8 27 3 5.00 76.00 47.94 7
21 85 8 27 3 1.00 16.44 14.06 9
21 85 8 27 3 2.00 3.33 5.32 6
21 85 8 28 6 5.00 .00 . 1
21 85 8 28 6 1.00 12.14 13.22 28
21 85 8 28 6 3.00 .00 .00 12
21 85 8 28 6 2.00 4.00 8.00 4
21 85 8 27 9 1.00 32.89 19.47 9
21 85 8 26 10 - 5.00 10.67 2.31 3
21 85 8 25 10 1.00 6.83 9.85 41
21 85 8 25 10 3.00 .00 .00 2
21 85 8 25 10 2.00 8.29 11.68 14
22 85 9 23 6 1.00 4.22 5.65 37
22 85 9 23 6 3.00 .00 .00 6
22 85 9 10 10 5.00 38.67 22.15 6
22 85 9 10 10 1.00 18.46 23.86 13
22 85 9 10 10 3.00 4.00 4.00 3
23 85 11 17 1 1.00 2.00 3.27 16
23 85 11 17 1 3.00 2.00 2.83 2
23 85 11 17 3 5.00 30.67 15.14 3
23 85 11 17 3 1.00 10.67 8.49 9
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10



TRIP

31
31
31
31
33
35
35
35
35
35
35
36
36
36
36
36
36
36
36
36
37
37
37
37
37
37
37
37
38
39
39
39
39
39
39
39
39
39
40
40
40
40
40
40
40
40
40
41
41

YEAR MONTH DAY

86
86
86
86

86

87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87

oooo\J\:\l\:\1\1\1\:\1\1\1\1\1\1\1\1\1\10\0\0\0\0\0\0\0\0\01mwwmmmmu‘bbbpbb\ommmm

SITE HABITAT DENSI

(Bay)
6
10
10
10
1
6
6
10
10
10
10

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00

(crab/m”)

8.
.00
.00
62.
.20
.82
.00
.91
.38
.00
.57
.75
.00
.67
.00
.00
.87
.71
.00
.00
.11
.00
.00
.74
.00
.92
.29
.60
.13
.92
.00
.19
.00
.00
.11
.00
.00
.00
.00
.00
.69
.00
.00
.00
.00
.29
.00
.00
.30

26

1

00

67

STDERR

25

37.
.89
.85
.00
.71
.20

= o

wWwN =

w

w &

.00
.46

17

.51
.85
.00
.65
.00

.66
.57
.00
.68
.00
.57
.00
.75
.14
.58
.73
.06
.00
17
.00
.00
.67
.00
.00
.27
.00
.81

.00
.39
.00
.70
.00
.78
.75

52

No. of
SAMPLES
2
2
1
3
20
22
2
11
21
1
7
48
2
43
3
1
15
17
7
1
35
4

1 .
38
2
13
7
5
30
26
4
27
2
7
36
6
30
1
32
6
26
1
4
24
9
17
2
20
23
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TRIP YEAR MONTH DAY SITE HABITAT DENSI STDERR No. of

(Bay) (crab/m“) SAMPLES
41 87 8 6 10 1.00 3.33 6.09 24
41 87 8 11 10 3.00 .00 ) 1
41 87 8 6 10 2.00 .62 1.50 13
41 87 8 6 10 4.00 .00 ) 1
42 87 9 4 1 1.00 8.24 6.55 17
42 87 9 4 1 3.00 .00 . 1
42 87 9 4 1 4.00 4.00 ) 1
42 87 9 4 6 1.00 2.80 4.12 20
42 87 9 4 10 5.00 11.11 9.76 18
42 87 9 4 10 1.00 2.67 5.13 18
42 87 9 6 10 3.00 .00 .00 6
42 87 9 4 10 2.00 3.73 7.17 15

1 Trip numbers were designated for a study of entire Puget Sound
region and only those trips in which sampling occurred at one of
the five northern Puget Sound study sites are included here.

2 Site: = Semiahmoo Spit

= Birch Bay

Lummi Bay

= Samish Bay

0= Padilla Bay

= O oW
!

3 Habitat: = Eelgrass (Zostera marina) over sand or silt
= Macroalgae over sand or silt

Bare sand

= Mixed gravel, cobble and sand

= Mixed gravel, cobble and sand with Macroalgae

\m s wN e
]

8Macroalgae = Ulva fenestrata,
Enteromorpha intestinalis
Laminaria sp.
Fucus gardneri












	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

