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ABSTRACT

A series of three research cruises in 1983/1984 were used to

characterize nearshore distribution and abundance as well as popul ation

dynam cs and general ecology of blue king crab (paralithodes pl atypus) and

Korean hair crab (Erimacrus isenbeckii). Because of proposed oil |ease

sales in the vicinity of the pribitof Islands (St. George Basin),
biological information on the species was deemed necessary in order to
predict and possibly mtigate against any potential inpact arising from
any future oil mshaps. The survey approach was based on use of side scan
sonar and groundtruthing techniques to map the general distribution of
several major sediment types (sand, gravel, cobble, rock and shell debris)
around the pribitof Islands and to direct sampling effort to specific
categories of substrate. Over 130 benthic traw s and dredges were done
per cruise and extensive series of zooplankton sanples were also taken.

Blue king crab spawn in md-spring although multiparous females are on
a biennial reproductive cycle and each individual spawns every two years.
Larvae are abundant nearshore of St. Paul Island in the late spring through
m d-summer and net anor phose and settle to the benthos about August and
early Septenber. Survival of small juvenile stages is apparently highest
when aninals settle to substrates that provide some degree of refuge from
nunerous species of predators in the area. Best refuge appears to be shell
debris, composed primarily of four species of bivalve as well as neptunid
gastropod shell, and secondarily small cobble covered with epiphitic
growt h,

First instar juveniles are small, about 3 m carapace length (CL) and
the rate of growth (frequency of mott) is exceedingly slow the first year

since juveniles in the followng spring are still only 5 mto 8 mm CL.



The patterns of high density of juveniles w to about 30 mm CL corresponded
very closely to cobble and shell habitat around St. Paul Island,
particularly to the east of St. Paul and St. CGeorge Islands. Fenales nove
onshore in md-spring to hatch eggs, perhaps in order to enhance retention
of larvae near the islands, and nmales join themat this time to breed those
femal es that subsequently molt. Despite hundreds of traws in the vicinity
of the pribilof |slands, no blue king crab between 30 nmmto 80 mm CL were
found, which suggests occasional year class failure, possibly due to
adverse transport of larvae away fromthe islands so that juveniles that
settle are unable to find refuge habitat.

Distribution and general ecology of Korean hair crab closely follows
that of blue king crab. Notably different in 1983/1984 was the |ow
abundance of females conpared to males, but very simlar was the high
proportion of small juveniles nearshore particularly around St. Paul Island
on shell/cobble substrates.

From such patterns of nearshore distribution and close association
with substrate types of limted distribution in the vicinity, there is a
good possibility that major oil spills inundating the Ppribilof Islands and
contam nating the benthos to a depth of about 60 m could seriously affect

both blue king crab and Korean hair crab popul ations.
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1. | NTRCDUCTI ON

1.1 Research (bjectives

0i1 exploration and devel opment on leases sold in the st. George Basin
pose a potential threat to animal resources over mich of the southeastern
Bering Sea (sess). Among animal groups thought to be vulnerable to oil
mshaps in this region are several species of comercial crab that have,
until recent years, constituted some of the richest crustacean fisheries in
US waters (Qtto 1981, 1986, Arnmstrong et al. 1983). Participants in
previous OCSEAP wor kshops have identified both red king crab (Paralithodes

camtschatica) and bl ue king crab (P. platypus) as particularly susceptible
to oil pollution because the nearshore geographic range and habitat
requirenents of certain life history stages are nore likely to be inpacted
inoil spill scenarios than those for offshore, broadly distributed species
such as Tanner crab (Chionoecetes spp.) (Curl and Manen 1982; Arnmstrong et
al. 1984).

Despite their conmercial inportance and a fairly extensive literature

dealing with the genus Paralithodes, many aspects of popul ation dynam cs of

specific life history stages, their distribution, and timng of major

bi ol ogical events (e.g., molting, seasonal growth, reproduction) were or
are still unstudied for blue and red king crab. For this reason ocseap
initiated a series of studies on red king crab in the southeastern Bering
Sea that covered 1arval popul ation dynamcs (Arnstrong et al. 1983),
juvenile feeding habits (Pearson et al. 1984), and nearshore |arval and
juvenile ecol ogy (Mchurray et al. 1984). Blue king crab, however, had been
little studied apart from annual groundfish data gathered by the National
Marine Fisheries Service (NMFS). Because of the increased inportance of
the blue king crab fishery as that for red king crab declined beginning in
1981 (Qrto 1986; Ctto et al. 1983; Hayes 1983), and because of the very

21



insular distribution of blue king crab about the pribilof Islands, workshop

participants perceived a potential oil threat to this population from

activity in the St. George Basin (Curl and Manen 1982), which pronpted

OCSEAP to fund the present study.

In addition to blue king crab, the Korean hair crab,_ Erimacrus
isenbeckii, seens to be abundant around the pribilof Islands (e.g., Oto et
al . 1983, groundfish survey), and constitutes a limited fishery directed
toward the Japanese market (see Section 1.3.4). Even less information on
life history and population dynamcs is available for this crab than for
blue king crab aria, thus, Erimacrus Was included in a nearshore study of
distribution and popul ation dynanics.

The principal research objectives during three cruises of this program
were as fol | ows:

1. Determne the distribution and abundance of alliife history stages of
blue king crab and Korean hair crab in the Pribilof Island region of
the SEBs. This objective was guided by the follow ng questions:

a) Central to this study is whether adult and juvenile crab

tend to segregate and, if so, is it a feature of different
habitat preferences.

h) |If female crabs are |ess abundant of fshore of the Pribilofs

as noted by Otto et al. (1982, 1983), are they nore comon
nearshore over cobble hottom or are their numbers intrinsically
| ow.

¢) If femles are comon nearshore, is there a seasonal shift in

adult male-female distribution that indicates near-offshore

mgration for breeding.

22




d) Are there seasonal shifts in subadult popul ations from near-
to offshore habitat; if so, is the shift correlated to adult
movenent s.

e) Is the myjority of the population, both juvenile and adult,
centered about St. Paul rather than St. CGeorge Island as
indicated by NVFS surveys.

Investigate juvenile distribution in particular and quantify abundance

relative to adult female and larval popul ations. Characterize

substrate on which crabs are nost abundant.

Characterize the benthic comunity in which blue king crab are found:

use information on sediment type, depth, and domnant fish and

invertebrate species to characterize the habitat in which juvenile,
alt male, and female crabs are found.

Classify and map major substrate types around the Pribilofs and

correlate juvenile Erimacrus and blue king crab distribution to

particular materials.

Reproductive Bi ol ogy

a) Study timng of the gametogenic cycle as partial evidence for
annual or biennial spawning cycle.

b) Determning general periods of egg extrusion and hatching, and
devel opmental tinme of enbryos.

c) Use data on larval stages in months of hay, August, and April as
evidence of uni- or bimodal annual hatch.

Mlt Frequency and G owth

a) Define the season(s) of nolt for juvenile and adult crabs based on

shel | condition indices (NS 1979) since ecdysis iS a period of
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increased sensitivity to perturbations that mght result from an
oil spill.

b) Attenpt to gain information on grow h-per-nolt among younger crabs
as done by M¥S for ol der animals (increase of 10.64 of carapace
length given by Qtto et al. 1982) to determne growh rate and age
to sexual maturity. This is to increase the accuracy of inpact
predictions if certain benthic age/size classes are disproportion-
ately destroyed because of habitat preferences.

c) Use length-frequency analyses to define young-of-the-year (Ot), 1+
and 2+ juveniles based on size ranges. Attenpt to determne the
extent of growth (instar numbers and nolt frequency) during sunmer
in contrast to winter,

Larval Biol ogy

a) Measure timng of occurrence and spatial density of |arvae about
the Pribilof |slands.

b) Determne tine of peak hatch and correlate to information on
benthic female shell and egg condition; as noted, Took for
evi dence of bimodal hat ch.

c) Look for evidence of transport of |arvae away fromor retention
near the Pribilofs to assess possible age class |osses in terns
of metanorphosis nearshore (suitable substrate?) or offshore
(suboptimal substrate?)

d) Define area of greatest |arval abundance in relation to benthic
popul ations of fenales.

e) Study possible vertical stratification of larvae and associ ated
dgiel changes to assess the vulnerability of larvae to hypothetical

surface oil spills.
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f) Calculate frequency of occurrence of zoeal and megalops Stages to
indicate the rate of nolting within the larval popul ation. Since
mol ting increases susceptibility to pollutants, the rapidity with
which it occurs is inportant life history information relative to
the longevity of an oil spill

8. Interpret all data on timng of crab life history events, substrate
preferences, distribution and abundance relative to possible oil spill

| npact s

1.2 Description of Study Area
The pribilef Islands |1e between 56° and 57°N, and 169"20" to 170°20'

at the northwest end of the St. CGeorge Basin, about 400 km northwest of
Unimak Pass. The southern island, St. George, is about 60 kmwest of the
northern boundary of oil lease sale areas in the St. Ceorge Basin, and St.
Paul Island is another 60 kmnorth of St. George Island (Fig. 1.1).The
Pribilof Islands lie relatively near the shelf break in about 80 m of water
on a broad shelf that extends more than 750 km from upper Bristol Bay to
the east.

Physi cal Oceanography:  Extensive analyses of currents and major

frontal systems have been conducted to the southeast of the pribilof
Islands and reported in several reviews (Favorite et al. 1976; Kinder and
Schumacher 1981a,b; Schumacher and Reed 1983), but little such work has
been done in the inmediate vicinity of the Ppribilofs. The shel f proper has
been divided into three major areas (domains) based on characteristics of
water masses: the coastal domain separated from the mddle shelf domain by
a frontal system (inner front) at about the 50 misobath; the mddle shelf
distinct fromthe outer shelf domain and demarcated by another front

(mddle front) along the 100 misobath; and the shelf break front at 200 m
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separates the outer shelf from the oceanic domain (Kinder and Schumacher
1981a; Fig. 1.2). \Water colum structure is distinctly different betuween
the three shelf domains, particularly in spring and sumer when the coastal
domain in shallow water is well mxed, the mddle domain becomes a two-

| ayered system marked by very cold bottom water, and the outer shelf domain
is a three-layer systeminfluenced by the intrusion of oceanic water up
onto the shelf.

Al'though located in depths characteristic of the mddle shelf domain
(50-100 m, Schumacher (1982) describes water around St. George Island as a
transition froma two-layered to a well mxed colum and, in general, the
features and properties of frontal systems are ill-defined.

Wnd:  The nost frequent direction of airflow in the winter is from
the northeast at speeds typically greater than occur in summer (Schumacher
1982). Based in part on wind direction, the resultant trajectories of oil
predicted by simulation models of Liu and Leendertse (1981) are to the
northwest and, in the case of hypothetical oil spills in northern St.

George Basin, would reach the pribilof |slands. Mnter winds have a
pronounced effect on hoth sea surface tenmperature and ice cover (Niebauer
1983; Overland and Pease 1982). In summer, mean winds are fromthe south
and simulated trajectories of surface oil novement at this time are to the
east although at a slower rate than in winter (see review of these data by
Schumacher 1982). Despite the speed and force of wnds over the SEBS,
their effect is primrily on mxing, ice transport and current pulses, but
not on mean current direction and speed (Schumacher and Reed 1983).

Currents:  Kinder and Schumacher (1981b) presented a shelf circul ation
scheme (primarily surface and from sumer data) that shows very weak mean
flow (1 cmsee) over the mddle shelf proper, but relatively strong flows
of 1-10 cm/sec to the northwest in the vicinity of the pribitof Islands
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over the outer shelf domain (Fig. 1.3). Over deeper waters to the west,
eddies may be conmon and affect a change in direction of currents for
periods of weeks or nonths (Kinder and Coachman 1977, Kinder et al. 190).
Such events, if occasionally occurring in the vicinity of the pribilof
Islands, may constitute a critical mechanismfor larval retention.

However, know edge of current direction and speed, and variability of both
is limted for this region. To the west, along-shelf flowis strong as is
cross-shel f flow, alinfluenced to some extent by the Bering Slope Current
(Schumacher and Reed 1983). To the east, mean currents over the nmiddle
shelf are weak although, as Kinder and Schumacher (1981b) suggest,
substantial flow onto the shelf to replace the westward flow of coastal
domain water (Fig. 1.3) may occur across the mddle shelf between the
pribilofs and the inner front.

lce: As an indication of weather patterns and circulation, sea
surface tenperatures (Niebauer 1981, 1983) and the dynam cs of biota
(Al exander and Niebauer 1981; Niebauer et al, 1981), ice is an inportant
influence of variable nmagnitude. Niebauer (1981) depicts the linmit of
southern ice extent over the SEBS shelf which, on occasion, will reach and
enconpass the pribilof Islands (e.g., 1976 and 1984). In other years such
as 1979, ice may remain several hundred kilonmeters north. Such extrenes in
ice cover reflect year-to-year tenperature variations. Mean annual sea
surface tenperatures (SST) recorded near the Ppribilof |slands were 2.5° in
1976 and 5.5°C in 1978 (Niebauer 1981). Surface and bottom water
tenperatures my have pronounced effects on biological/physiological events
such as rates of egg development, tine of hatch, survival and growth of

| arvae.
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1.3 Life Hstory and General Biology of Blue King Crab and
Korean Halir Crab

1.3.1 Distribution and Abundance of Juveniles and Adults

Blue King Crab
This is the nost insular species of crab in the SEBS (Fig. 1.4), wth

maj or popul ations (and fisher”ies) centered at the Pribilof and St. Matthew
Islands (Qtto et al. 1982), and other populations at Kodiak Island in the
Qi f of Al aska {Somerton and Macintosh 1982). There was relative constancy
in the location of benthic juveniles and adults around the pribilof |slands
in recent years (Qtto et al. 1980, 1981, 1982), where greatest abundance
was to the east and north of St. Paul Island, with few aninmals caught west
near the shelfbreak or around St. George Island (Fig. 1.5 shows an exanple
of female distribution). This pattern of distribution is generally true of
pel agic larvae, although occurrence between and to the east of St. Paul and
St. CGeorge islands has been reported by Arnstrong et al. (1981; Fig. 1.6).
The conplete absence of blue king crab over nost of the SEBS shelf (where

red king crab, P. camtschatica are abundant) suggests either inextricable

dependence on the benthic habitat associated with the islands (e.g.,
predator refuge), and/or restriction by virtue of some sort of conpetitive,
agonistic interaction with other species. Confinement of the species to
smal | areas around islands makes that portion of the SEBS popul ation around
the pribitof Islands extrenely vulnerable to possible oil spills
originating in the northern St. George Basin lease sale.

The depth range of min aggregations of blue king crab is about 45 to
75 mon a nud-sand bottom although gravel and rocky substrate is found
i mredi ately adjacent to both Ppribitof Islands (Figs. 1.7 and 1.8; M Hayes,
NMFS, Seattle, personal communication, 1/5/83). Oto et al. (1982) note

that estimates of female and juvenile blue king crab around both the
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Pribilof and St. Matthew |slands are low because the species may be
distributed over rocky, untrawlable bottom that NVFS does not survey.

These observations suggest that spawning and successful recruitnment of first
instar juveniles may depend on nearshore, cobble-rocky substrate; Tlater as
ol der and larger animals, populations disperse farther offshore although
still inasmll area on the scale of the SEBS in toto.

Densities of blue king crab have been reported tzo range fromless than
100 to several thousand per square nautical mle (NM; NWVFS units in annual
reports; see Fig. 1.5). Estimates of total abundance (population size)
made by NVFS indicate less fluctuation in this population than found for
red king crab, but populations have still decreased in recent years (QGto
et al. 1981, 1982). Legal males (>134 nm carapace length, CL) have
declined froman estimted abundance of 9.4 mllion in 1977 to 2.2 mllion
in 1982. Sexually mature females were calculated to be 35.5 nillion
animals in 1978 and 8.6 mllion in 1982 (Fig. 1.9). Oto et al. (1982
conclude that stocks will remain low for several years.

There is relatively little biological information published on blue
king crab although Somerton and Macintosh (1982, 1986) have summarized work
fromthe Bering Sea and Kodiak Island. Animals are thought to grow at a
rate conparable to red king crab (Somerton and Macintosh 1982; Powel| and
Ni ckerson 1965; Weber 1967) and reach sexual maturity at about 96 m and
108 mCL for females and males, respectively, when they are about 6-7
years ol d. However, recent analyses of length-frequency data indicate that
blue king crab my be longer lived and slower growing than red king crab,
so that age-at-size may not be extractable from data on the latter
(Somerton and Maci nt osh 1986).

37



50

45

40

< 10°

35

30

25

20

15

POPUL”TION

10

E.isenbeckii

Pribilof

District
P.platypus

TOTAL
“u ADULT FEMALES

Ax} ADULT MALES
JUVEN LES

74 75 76 1717 78 719 80 81! 82 YEAR

201

15-

POPUL*TION X 10°

8- ‘\\ JUVENI LE MALES
\

AT A
AN ADULT MALES

oo g-_ A TOTAL FEMALES

79 80 81 82
YEAR

Figure 1.9 Estimates of annual abundance ofﬁuﬂﬁod_es_’\FJ_al_ypuL(above)
and Erimacrus isenbeckii (bel ow) over several NMFS 'survey years
(rmd|f|ed fromQto et al. 1982).

38



Korean Hair Crab: Erimacrus isenbeckii has been a target-species of

the NVFS annual groundfish survey since 1979 when a smail fishery for this
crab developed. Although widely distributed over the Sess, there are two
main aggregations; one about the pribilof Islands and the second in shallow
waters along the Alaskan Peninsula from Izemek Lagoon to Port Molier
(Figs. 1.10 and 1.11; Otto etal. 1982). Jewett and Feder (1981) caught E.
isenbeckii in about 28% of traw s made over the SEBS sheif in 1975 and
1976, and cal cul ated that the species was about 1.5%of total epifaunal

bi omass.

Survey data on the species are intriguing because abundance estimates
for males are always greatly in excess of those for females (Qtto et al.
1980, 1981). For instance, total male abundance from 1979-1981 ranged from
12 to 18 mllion crabs while females were calculated to be 0.3 to 2.3
mllion animals. Populations of this species (as with blue and red king
crab) also declined drastically by 1982 when abundance of males and females
dropped to 6.3 and 0.1 mllion, respectively (Qtto etal. 1982). Sexually
mature crabs (>64 m CL) were nost common north of Port Meller in 1982, and

virtually none were caught at the Ppribitof Islands (Fig. 1.12).

1. 3.2 Reproduction

Blue King Crab: Authors of previous studies of the reproductive cycle in

Paralithodes pl atypus general |y concluded that it differs fromthat of its

better-known relative, _P. cantschatica (Sasakawa 1973, 1975a; Macintosh et
al. 1979; Sonerton and Macintosh 1985), however, the timng of reproductive
events, duration of enbryonic development and interpretation of the cycle

have remained in question. Female P._ cantschatica produce mature ovaries

and extrude eggs annually; females nolt, mate and extrude a new clutch of

eggs in the spring shortly after eggs from the previous year hatch
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(Marukawa 1933; Wl lace et al. 1949). However, substantial interannual
variation in the percentage of ovigerous femal e P— platypus within the
mature popul ation has been reported (Qtto et al. 1979; Macintosh et al.
1979; Sonerton and Macintosh 1985) and consequently, a two year
reproductive cycle has been postulated for this species. Sasakawa (1973,
1975a) inferred fromtagging experiments in the western Bering Sea that the
reproductive cycle consisted of a 19 month ovigerous period (duration of
embryoni ¢ devel opnent) followed by a five nonth period between hatch of old
eggs and extrusion of new ones.  Somerton and Macintosh (1985), in studies
of blue king crab at the pribitof Islands, concluded that fenmales were
ovigerous for 14-15 months, and that biennial reproduction was due to a two
year ovarian cycle that reflects longer Iife (than the red king crab) and a
savings of energy and reduction of risk at molting. Otto et al. (1979)
reported that most crab in the 101-120mmCL interval (first tinme spawners
or primiparous fenal es) reproduce annually, but that a radical biennia
decrease in the number of ovigerous femal es starts at 111-115 m CL

Femal e blue king crab in the Ppribitof Island region attain sexua
maturity at about 96 mm CL, and males at about 108 nm (Somerton and
Maci ntosh 1982, 1985). Fecundity ranges from 50,000 to 200,000 eggs per
femal e (Somerton and Macintosh 1982); Sasakawa (1975b) reported an average
value 0f 120,000 for the western Bering Sea. Eggs are somewhat oval in
shape and average 0.98 mm by 1.18 nmin |ength (Sasakawa, 1975b).

Korean Hair Crab: Reproduction of the Korean hair crab Erimacrus

| senbeckii in Japanese waters has been described by Sakurai et al. (1972).
Femal es are believed to mature at about 45 mm CL and al though nales are
mature at 40 to 50 mmthey may not mate successfully until they are about
70 nmin length. Mating apparently takes place several nonths prior to egg
extrusion although at this point the ova are immture. The female nolts
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while being grasped and her gonopores are apparently plugged after mating
by a secretion fromthe male, possibly to prevent subsequent copul ation.
Mating occurs over a seven nonth period from August to February; the first
four months involve olcer females in deep water and the latter period
primiparous females in shallower areas. VYoshida(194l) suggests that female
Erimacrus i N Korean waters may nolt every Ot her vear in order to acquire
energy for egg masses. Fecundity ranges from 40,000 to 50,000 eggs but may
be as high as 160,000; eggs are round and 0.8 to 0.9 mm in diameter.

The present study attenpted to define the reproductive cycle of these
two species in the pribilof Island region through the examnation of four
factors: 1) shell condition (newy molted vs. old shell; presence or
absence of enpty egg cases); 2) proportion of ovary weight to body weight
(gonosomatic I ndex or GSI; 3) egg devel opment and; 4) ovarian devel opnent

(histological examnation of ova).

1.3.3 Larval Biology, Distribution and Timng

Blue King Crab: Distribution and abundance of larval stages are

poorly studied and only a few observations fromthe pribilof |slands are
available (Armstrong et al. 1981; Arnstrong et al. 1985). Larval densities
seemto be an order of magnitude less than high values recorded for red
king crab (Fig. 1.6), and larvae have only been found to the east of the
Pribilof |slands; however the observations are meager in time and space and
not at all conclusive.

Limted data suggest that tarvae hatch around the Pribitef |slands
about md-April (Armstrong et al. 1981) and devel opnent rates may be
simlar to red king crab. By June nost larvae are third and fourth stage
zoeae, and in July 1981 only megalops | arvae were caught off St. George

Island (Armstrong et al. 1983). This inplies that metanorphosis to benthic
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juveniles could occur in late July or early August in some years.
Korean Hair (Crab: Larvae of _E _isenbeckii were not frequently

encount ered among hundreds of zooplankton sanpl es studied by Armstrong et
al. (1983), but when found were most common north of Unimak Island in the
vicinity of Amak Island and rare near the pribilofs (Fig. 1.13). During
summer OCSEAP cruises in 1982, Arnstrong found fair numbers of Korean hair
crab |arvae nearshore fromwestern Unimak |sland to Izembek Lagoon
(unpublished data). Larvae are present in the Bering Sea by April
(Arnstrong et al. 1981) and pass through five zoeal and a megalops Stage
(Kurata 1963; Makarov 1966; Takeuchi 1969).

1.3.4 Fisheries
Blue King Crab: Mst of the U S. Bering Sea fishery for blue king

crab is centered off St. Paul (Fig. 1.14) and St. Matthew Islands.

Landings have increased from about 2.4 mllion lbsin 1975 to 10.8 mllion
Ibs in 1980 (Qtto 1981, Pacific Packers Report 1981). In 1981 landings from
the pribilof district decreased 20% and dropped further in 1982 (INPFC
1982; Otto et al. 1982), reflecting the reduction predicted by the annual
resource assessnent surveys of MFS. Landings in 1983 in the pribilof
district (Registration Area Q were only 4.4 mllion Ibs, and CPUE (nunber
of crabs per pot) has declined from26 in 1973 to only 5 in 1983 (Al aska
Dept. of Fish & Game 1983). It is significant that for the first time in
the fisheries, landings of blue king crab surpassed those for red king crab
in the SEBS during 1982-1983 (ADFéc 1983).

Korean Hair Crab: Comnmercial |andings of Erimacrus cone prinarily
fromthe pribilof Islands and were 600,000, 2.4 nmillion and 930,000 |bs in
1980, 1981, and 1982, respectively (Oto et al. 1982; AUF&6, 1983). This

is obviously a limted fishery that, to date, is directed toward Japanese
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Figure 1.13 Locations and density of Erimacrus isenbeckii | arvae collected in
the southeastern Bering Sea from 1976 to 1980. Densities of
|arvae were corrected for the upper 60 m (Armstrong et al. 1981).
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markets where it is sold as “kegani * The small size (about 2 Ib per crab)
and |ow value ($.55/1b in 1982) make this a fishery of only marginal appea
to American fi shermen (ADF&G 1983).

1.4 Organi zation of this Report

Because of the nunber of topics studied during this research program
and the need to provide details on methods and approaches to describe
resul tS of the objectives listed in Section 1.1,a different approach that
we have used in past reports has been selected in this instance. Rather
than proceed with a traditional nethods and materials, results, and
di scussion format, we have decided to treat major topics in a nore self-
contained manner by conbining nethods and materials, results, and a short
discussion that are pertinent to each mgjor topic (e.g., Substrates, Blue
King Crab Distribution and Abundance, Reproductive Biology). After a
presentation of major hiological results for the two species of crabs, a
summary of the life history and general ecology is given that is then

foll owed by an assessment of potential il inpacts.
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2. SURVEY DESIGN AND SUBSTRATE ANALYSES

Al'though our initial sanpling design for this program was one based on
our sense of species hiology and distribution, it became quickly apparent
dur-ng the first cruise in My 1983that the scale of distribution of crab
and relative density was strongly influenced by substrate conposition and
location. Wthin that first cruise the survey plan was modified to
allocate more effort nearshore of St. Paul Island in an area believed to be
rocky based on evidence from Van Veen and Shipek grabs. A more inportant
step was taken toward directed sanpling effort on several genera
categories of substrate during the second cruise. Side scan sonar (SSS)
was used to map substrates that were characterized according to broad
definitions such as sand, gravel, cobble, rock or shell. Athough a great
deal of effort was expended on specific sedinment analyses of many sanples,
the level of detail given by such analyses (phi size) was not useful in
characterizing habitat in which juvenile and adult blue king crab and
Korean hair crab are distributed. This section details the survey design
used and modified through the three cruises, discusses the approach taken
to mp general substrates, and presents results from side scan sonar
investigations. This information became inportant for characterization of
comunities (to the extent we were able to do so) and particularly
important for definition of critical habitat required by blue king crab and

to a |esser extent Korean hair crab.

2.1 Survey Design and Substrate Analyses

2.1.1 Location and Timng of Sanpling Effort
Three cruises, each wth approximately two and a half weeks of

sanpling tine, were made during the termof this project. The first cruise
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covered the period My 9-30, 1983; the second cruise was from 19 August to
7 Septenber 1983, and the final cruise ran from 11 April to 4 hay 1984.
Sanpling approaches were nodified for each cruise depending upon the
experience of the previous cruise.

During the first cruise, stations were systematically arranged on
transect Ttines radiating from St. paul and St. Ceorge Islands (Fig. 2.1).
Approximtely 70% of the sanpling effort was planned to be north of 57'N
Lat and 60% of the effort shoreward of 60 misobath. Additional stations
were added in regions of high juvenile abundance and on certain substrates
such as gravel

Because it was difficult to determne the extent of various bottom
types using just the Simrad sonars, and Van Veen and shipek grab sanplers,
a side scan sonar (SSS) was used on the second cruise. The farthest
of fshore staitons of the first cruise were deleted fromthe second cruise
because of exceedingly low abundance of juvenile crab, and substantially
more effort was put into mapping nearshore habitats which had high
densities of juvenile crab. Three survey grids were established around St
Paul Island (Figs. 2.2 and 2.3). The grids consisted of 36 cells of which
18 were randonly selected as stations. Because of the extent of nearshore
habitat and limt on time, grids were not set up around St. George Island
where densities of both crab species were |ow.

During April 1984, SSS was again enployed to map areas to the
southeast of both islands to fil1 in gaps fromthe previous cruise. In
general, the August stations were revisited at this time (Fig. 2.4). A so,
more enphasis was placed on sanpling to the northeast of St. Paul Island
for adult crab, but this operation as well as additional SSS to the north
of St. Paul Island were hanpered by sea ice. It was hoped that the tining

of this cruise would catch the onset of 1larval hatch and provide adult
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was selected by a random number process. The side scan sonar survey was conducted
for a conplete mle in a variable direction dictated by currents and winds. The
bottomwi dth covered during each survey varied from75 mto 150 mon port and
starboard of the ship.
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animals in a variety of reproductive states.

2.1.2Si de Scan Sonar

During the first cruise in My 1983, a shipek and a Van Veen grab were
used to take sediment sanples for later analyses and to give information on
substrate characteristics and to help in the choice of sanpling gear.
However, the disadvantages of such a limted probe along wth increasing
know edge of the association between blue king crab (study target species)
and certain substrate types made clear the need for a better assessment of
bottom conposition.

A SSS was included in the second cruise as standard survey gear. The
purpose of this equipment was to identify and assess the extent of
different habitats and, therefore, distribution patterns of characteristic
communities. Qther benefits derived fromthe SSS and resultant substrate
maps were the more effective use of the sanpling gear and inproved
estimates of total populations of crabs based on the area of propitious
substrates. Basically, a SSS unit consists of 3 conponents: a transducer,
customarily called the “fish”, a line that serves as transmssion and tow
cable, and a dual channel recorder. The fish consists of a hydrodynamic-
ally shaped body containing two sets of transducers that scan the sea bottom
on both sides.

The SSS used on the August 1983 cruise included a Klein Associates
Inc. towfish nodel 422 S-0015 and a Hydroscan recorder nodel 521. Wth an
out put frequency of 500 kHz and a horizontal beamw dth of 0.2 degrees,
this is considered a very high resolution unit. The transverse resolution
(Rt) is defined as the mninum distance between two objects parallel to the
line of travel that will be recorded as separate objects. It depends on

the beam width and the distance scanned (D) according to the formila
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R = sin* Dwhere * is the beamw dth (0.2degrees) and D is the distance
scanned. For exanple, if the range is set at 75 m the transverse
resolution is:

R = (sin 0.2) (75) =0.26 m.

The vertical resolution or range resolution (Rr) is defined as the
m ni num di stance between two objects perpendicular to the line of trave
that will be recorded on the paper as separate objects and depends on the
range scale and the witing width of the recorder. Assuming a nininum
paper spacing of 1 mmto plot two objects separately, the resolution will
be 1/203 of the range scale since the witing width was 20.3 cmfor each
side. Again, with a setting of 75 mfor the range scale, R = 75/203 =
0.37 m

These resolution limts presented a problemin the interpretation of
the nonographs.  Although big objects like large cobble, boul ders and rock
shel ves were clearly distinguishable, most of the time we had to rely on
grab sanples and substrate retained in the net to discern the sandy bottons
from gravel and shelthash. A Van Veen grab was used for this purpose which
proved considerably more satisfactory than the Shipek grab used during the
first cruise.

A one nmle tow of the sonar fish would produce a sonograph as in
Figures 2.5 to 2.7 onto which distance increments fromthe start of tow
woul d have been recorded. The ship would then be directed back along the
previous tow line to sanple substrate at positions where different patterns
had occurred. Based on replicate Van Veen and/or Shipek grabs at each SSS
site (n=364) to groundtruth the sonograph We were able to recognize
consistent patterns for several mgjor substrate types and utilized this

information to help direct the sanpling effort by nets and dredges.
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Figure 2.5

Side scan sonar trace show ng several bottomfeatures interpreted by

ground-truthing with a Shipek grab and dredge. This station occurred 4 NV
sout hwest of St. Paul in 58 mof water (Station 48, Fig. 2.3). The ship traveled
down the md course and the sonar fish scanned 75 mto port and starboard feach

horizontal division = 15 m). The dip about NM0.4 is due to a change in elevation
of the sonar fish. (1% Low rock shelf, note slight increase in elevation relative
to smooth sand but otherw se no conspicuous peaks are visible. (2? Fine, black
sand. (3% Very coarse sand/small (“pea”) gravel deposited in parallel ridges or
waves. The distinct black 1ines are the face of ridges; white areas are shadows
on the side away fromthe sonar fish. Based on geometric relationships, it is
estimted that ridges are 1 to 1.5 mhigh and 2 fo 3 mcrest to crest.
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Figure 2.6

Side scan sonar trace over 1 NMabout 5 NM southwest of St. Paul Island in 66 m of
water (Station 43, Fig. 2.3). This exanple highlights the variability of
substrates over short distances and resultant Sanpling problems. (o the |eft
substrate No. 4 is large rock (note shadowing) with pockets of shellhash 1™
pul verized, no epiphytic ?rowt h; see Section 3.2.3) taken with the Shipek grab.
his material covers about 300 mand is abruptly replaced by a smoth area ?No. 2)
of coarse sand and shellhashilthat spans about 350 m (0.2 NM, followed on the
right by a low rock shelf (No. 1) of relatively uniform height.
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Side scan sonar trace over 1 NMabout 6 NM southeast of St. Paul (near Qiter Rock)
at a depth of 62 m(Station 42, Fig. 2.3). Two tyJJes of rock formations are
shown: (1) Low relief rock beds with associated pockets of shellhashi(intact or
| arge pieces with epiphytic growth; see Section 3.2.3). (4) Promnent rock
formations up to 122mhigh. ~ Note their height above the seaf|oor and conspi cuous
sonar shadows (arrows). (2) Fine to medium sand substrate. Such variation in
bottom types over short distances underscores the patchy distribution of Iuvem | e
crab, and the benefit derived fromuse of side scan sonar in terms of depl oynent
of appropriate gear on different substrates.



213Particle Size Determnation

Sediment sanples were saved frozen for determnation of particle size
and total volatile solids. After thaw ng, sanples were thoroughly m xed
and 30to 50 g were placed in 500m poly bottles. About 200 m of water
and 15 m of dispersing agent were added and then shaken for 30 mnutes.
Sanpl es were then washed through a 63 urn sieve and the fraction retained in
the sieve was transferred into an alumnum pan and dried at 9%°. Once the
gravel-sand fraction was dry, the weight was recorded and the sanple placed
in a series of sieves of decreasing size (4.00, 2.00, 1.00, 0.50, 0.25,
0.125, 0.063 me and a bottom pan) and placed in a “roto-shaker” for 20
mnutes. The material retained on each sieve was weighed. The silt-clay
fraction collectedin the bottom pan was added to the poly bottles and
placed into a 1000 m graduated cylinder and the volune was brought to 1
liter with water. Twenty nl aliquots were taken at specific tines after
being thoroughly mxed with a plunger for 1 mnute. The aligquots were
placed in tared 50 m beakers and dried at 9%°%. The beakers were then
wei ghed after reaching roomtenperature. A correction factor for the
di spersing agent was calculated by placing 15 ml into a 1000 ml graduated
cylinder. A 20 m aliquot was taken at 10 cmand dried and weighed as the
sanples. This operation was repeated 3 times and an average correction
factor was cal cul ated.

Approximately 20 g of the sediment sanples were placed in tared 50
beakers for volatile solids determnation. The sanples were dried at 90°
and the dry weight recorded. The beakers were then transferred to a nuffle
furnace and calcined at 650°C. Ash was weighed at room tenperature and
the total volatile solids calculated by difference.
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2.2 Substrate Conposition

2.2.1 Particle Size

From the May 1983 cruise, 80 stations (Fig. 2.8) were selected for
sedi ment anal ysis and percent conposition of several grain size categories
(Appendix Al). There was a noticeable correspondence between depth and
grain size;, the lower phi values (less than -3.0; lower phi = smaller grain
size) were found deeper than 80 mand the larger phi values were at
shal | ower depths, closer to the islands (Appendices Al, A.2; Fig. 2.8).

Extremely high or low values of kurtosis inply that part of the
sedinent is sorted el sewhere and then is transported to the sanple site. A
new environnent has less effective sorting energy and, thus, the two
mxtures of sediment retain their individual characteristics. Mst of the
sanples with an average phi value less than zero are positive-skewed,
indicating the sediments are near their source and the grain size
distribution is unimodal (Appendices Al, A.2). Many of these sanples were
taken on the south side of St. Paul Island or in the basin between the two
mej or islands (Appendix A 2; Fig. 2.1). The 10 sanples with phi values
| arger than zero are all negative-skewed, and8 of them have |ow kurtosis,
indicating that additional material was transported from another |ocation.
The grain size distributions of these & sediment sanples are strongly
bimodal, clearly show ng the presence of the two different materials.

Due to the heterogeneity of the substrates around the islands, the
sediment anal yses of the grab sanples did not always reflect the nature of
the bottomtypes: in certain areas sanples were taken fromrelatively small
sand patches within vast rock shelves. For a better qualified assessment
of the bottom conposition, it was necessary to consider other information
sources, like the side scan sonar records, as well as the inspection of the

substrate taken in the fishing gear.
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2.2.2 Conposite Side Scan

The side scan sonar proved to be a very valuable tool in the
eval uation of bottom conposition despite its limtations of resolution.
The results of individual grid surveys (Fig. 2.2) according to five major
sedi nent categories (rock, sand, nud, gravel, cobble) are shown i
Appendices A 3 and A4 for St. rpaul and St. George Islands. The large
basin between the two main islands showed [ittle heterogeneity in the side
scan records and it was verified to be uniform sandy bottom by the grab
samples.  Nearshore, however, various bottom types were found, sonetines
alternating between mjor categories (e.g., rock, gravel, sand) over
di stances of only a few hundred neters (Figs. 25to 27).For exanple, in
Figure 2.5 on the right of the sonar graph, a distinct area of coarse
sand/smal | pea gravel formed in parallel ridges or waves is replaced over a
distance of a couple of hundred meters by fine black sand followed next,
after another hundred meters or so, by low rock shelf. A nore extrenme
exanple is seen in Figure 2.6 in which, fromright to left, a low rock
shelf of relatively uniformheight is abruptly replaced by a smoth area of
coarse sand and shellhash (see Section 2.3) followed on the left by areas
of very large and high rock outcropping. Along the course of a single
nautical mle, side scan traces in certain regions showed a relatively even
mxture of several major substrate types that were considered “transition
regions” and are depicted in Appendix A 3. Information from ali nonographs
taken around each island within the grid system shown in Figure 2.3 was
summari zed and major materials were extrapolated to construct a nosaic map
of major substrate types (Figs. 2.9 and 2.10). In reference to Figure 2.1,
most of the area surveyed around and between st.Paul and St. George

| slands was relatively homogeneous sand. Very nearshore around each of
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these islands, and also around Vlrus Island and Ctter Island near St. Paul,
areas of rock, gravel and cobble occurred. These maps that provided a
sense of substrate conposition and [ocation were inportant aids in
subsequent anal yses of community conposition (Section 3.0) and as the basis
to characterize critical habitat for juvenile king crab. Collection,
identification and enumeration of other species of animals captured during
this survey (other than the target species, blue king and Korean hair crab)
as originally intended in the context of the contract was to be a
relatively small part of the project. Only limted information was to be
gathered as a qualitative basis from which to draw generalized inpressions
about species assenbl ages that include blue king crab. However, the
addition of side scan sonar, an ability to better direct survey effort, as
wel | as use of two principal pieces of trawl gear (beamtraw and rock
dredge; to be described later in this section), enabled us to sanple a wde
variety of substrates that seem to include several general assenblages
("communities”) of animals. Because of the nature of gear used, however,
there were limtations to the location and categories of animals captured.
For instance, no infaunal Species were caught with regularity (or
reliability) by either of the gear and large demersal fish were probably
not caught with any accuracy. Thus, “community” in a broad ecol ogi cal
sense as defined by krebs (1972) to include groups of popul ations of plants
and animals in a given place is not strictly correct. Rather, the
comunity sanpled in this survey was one conposed |argely of epibenthic,
non-sessile i nvertebrates (both juveniles and adults) as well as a nunber
of species of smaller demersai fish. The value gained in view ng the data
on a miltitude of fish and invertebrates caught is to provide some
structure by which to characterize the habitat of blue king crab, both to

contrast the extreme “differences in habitat preferred by juvenile and adult
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stages as well as to understand the limtations of habitat available for
survival and, in turn, a possible reason for the limted range of the

species in the southeastern Bering Sea.

2.3 shellhash: Types and Distribution

ne of the nost inportant habitats and substrates in the early life
history of blue king crab is shellhash (shell debris) which occurs to any
extent only around St. Paul Island and east of St. George. Shellhash was
categorized in two ways.

Shelthash | (SH I) consisted of relatively intact shells or large
pieces, often found with live molluscs of the same species indicating close
proximty to the areas of origin (Fig. 2.11). The biological conposition
was some |arge gastropod (Neptunea), but nostly large bivalves |ike
Serripes Spp. and Spisula Spp. This type of shellhash was often covered
with a profusion of animal growth such as “feathery” bryozoans, barnacles,
anenones, ascidians, etc. Cther invertebrates also seek refuge in this
habitat, such as hermt crabs and juvenile blue king and Korean hair crabs.
Mst SH T was found east of St. George Island and more patchily distributed
around St. Paul Island (Figs. 2.12 and 2.13). Such shell debris occurred
over rock shelves, cobble and sand, and divers reported a “pocket”
distribution on lowrelief rock beds.

A second type of shellhash (SH I1) consisted of pulverized, well-
washed smal| pieces of shell (Fig. 2.14). This type of shellhash was found
north and southeast of St. Paul Island over smaller areas than SH I, at
depths less than 50 m  The origin of this material is fromthe same
species described for SH I, but appears to have been entrained in high
energy regions and subjected to wave action and other processes of
pul verization. The small size of this material and lack of attached
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Figure 2.11 Shellhash type I, consisting of large, intact shells with
T(pibenthicbgrowt h, associated with hi gh density of juvenile blue
ing crab.
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Figure 2.12 Extent of shellhash deposits around St. George Island. Shellhash type | is, for
the nost part, intact and covered with aninmal and plant grow h. T}/pe_ll_is
pul veri zed shellhash, very smal| pieces, with no epiphytic covering; typifies

areas of low invertebrate nunbers and hionass.



Figure 2.13 Extent of shellhash deposits around St. Paul [sland. Shellhash type | is, for the
nost f|;)art, intact and covered with animal and plant growth. Type nispul verized
shel | hash, very small pieces, with no epiphytic covering; typifi'es areas of |ow
invertebrate numbers and biomass.
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Figure 2.14 shellhash type |1, consisting of pulverized, well-washed shell
matgnal, associated with low nunbers and biomass of blue king
crab.

organi sms appears to make it a poor habitat since animal density and
diversity were low (Section 3.0).

The above descriptions of SHI and SH Il are the extreme cases,
whereas a wide range of intact to broken shell with various amounts of
attached epiphytic growth was taken. For this reason only a single
shellhash (SH |) was considered when grouping stations for sedinent
classification. Those few stations where pulverized, well-washed, golden-
col ored shellhash (SH 1; Fig. 2.14)was taken were classified as to the

underlying substrate (usually rock).
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3. COMVUNITY ANALYSIS AND STRUCTURE

3.1 Epibenthic Sampling

Epibenthic sanpling was performed with a 3 mwde beamtraw and a 90
cm wide biological rock dredge. Both pieces of gear had to be modified and
reinforced for use on rough substrates around the pribilof Islands (Figs.
3.1 and 3.2). Divers determned the effective fishing width of the heam
tran to be 2.3 m Both the rock dredge bag and the cod end of the beam
tran were made of 6 mm knotless mesh. The choice of gear used at each
station was based on available information regarding the conposition of
substrate. During the May 1983 cruise this know edge was limted to
general descriptions from nautical charts and modest verifications with a
Shipek grab. Wen at least two consecutive attenpts of collecting a
sedi ment sample failed to gather any material, the substrate was assuned to
be “hard” (rock shelf, boulders, etc.) and then the rock dredge was used.

The process of selecting gear inproved substantially during the second
cruise because of the use of the SSS.  Anal yses of the sonar traces
al l owed a quick decision on the gear and the location for the traw . The
beam traw was primarily used to capture adult and ol der juvenile crab on
relatively smooth bottoms of nud, sand, shellhash and gravel; the rock
dredge was used most often to target on small juveniles within substrates
such as cobble, shelf rock and shellhash. At some stations the variability
of the substrate was such that both gear were used on different substrates
within the single nautical mle of the SSS trace. Beamtraw tows usually
lasted 10 minutes covering a distance of about 0.4 NM (OG-8 km, Rock

dredge tows were usually 5 minutes over a distance of 0.2 NM (0.4 km).
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3 Inaen
fenuacanssaaay

Figure 3.1 The original beamtraw (A) had an al um num beamwith doubl e
bridle and lightweight tickler chain. The nodified beamtraw (B)
empl oyed a reinforced steel beam with steel runners, heavier
(5/16") tickler chain, and a triple bridle.
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Figure 3.2 The frame of the original biological rock dredge (A) proved too
Sea work. It was reinforced as shown (B). The

weak for Bering | as
center bars also prevented large rocks from jammng the mouth of

the dredge. Originally, heavy nylon chaffing gear was used, but
conveyor belt material used subsequently proved the best chaffing

gear (not shown).
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3. 1.1 sample Processing

small sanples, generally less than 50 kg, were conpletely sorted but
large cat ches were subsampled by volume and weight after careful [y mxing
the sanple, and extrapolation factors were calculated. Al species groups
were identified to the |owest possible taxon, most often to genus and
species.  For various reasons, however, sonme species groups were only
sorted to genus or famly (e.g., Mytilidae). Once sorted, individuals were
counted and total wet weights taken with a triple beam balance or with a
larger fisheries balance if the species was too |arge or abundant.

Through cooperation with the NS, arrangenents were made to reformat
NCDC files for the benthic data to the NVFS data system Data were entered
on the NVFS Burroughs conputer, checked for consistency between file types,
and anal yzed using the wide array of programs available for calculating
animal densities and abundance by size, area, or substrate, population
estimtion and size conposition, and community structure via cluster
analysis. A great deal of time was saved and much greater flexibility and
accuracy was achieved by use of the vast wealth of conputer programs on the
NVFS system  These data will be entered on the NS database where it will
be available for future use. Information was recorded on proper data
forms, according to NVFS protocol (Mintel and Smith 1981). Species were
assigned the proper 5 digit code from the Species Code Dictionary (from

NVFS dat a-base system) and weights and nunmbers recorded.

3.1.2 SCUBA and Crab Pots
SCUBA divers and crab pots were used in shallow rocky nearshore areas
which could not be sampled fromthe ship (RV MIler Freeman). The ship’'s

7.6 m MnArk launch was used for these operations. Diving operations took

place in My and August 1983, and commercial Dungeness crab pots covered
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with fine mesh to retain juvenile crabs were used in My only. Divers
descended the MonArk's anchor |ine and swam either a striaght |ine transect
or covered a circular area around the anchor. Color slides were taken of
all transect sites with an underwater camera. Crab pots proved ineffective
in capturing small juveniles due to their reclusive habits and were not
usedon the second and third cruises. During 10 dives of two or three
divers each, only one juvenile crab of each target species was found. The
crab pots worked well for fish and echinoderms, but only one adult male
Korean hair crab was caught by this nethod. These procedures were tine
consum ng and unproductive and thus, discontinued. Thediving
denonstrated, however, that few juvenile and probably no adult crab reside

in the predomnately rocky nearshore areas in depths less than 20 m

3.2 Custer Analyses

Data forns were coded according to NVFS standard formats and entered
on a Burroughs B 7000 conputer. Two main file types were used: a “haul”
file, which contained information about the stations such as date
position, depth, bottom type, distance towed, gear used, etc., and a
“catch” file with a species code, total nunber and weight for each species

found at a particular station.

3.2.1 Approach

Bi ol ogi cal associations and distribution patterns were studied through
cluster analysis techniques. Four prograns from the NVFS program library
were used for this purpose: “Cluster/Start”, “Custer”, “Cluster/Draw and
“Cluster/Map”. The program “Cluster/Start” prepares the data matrix to be
used on program “Cluster”, based on the haul file, the catch file and a
list of species to be included in the analyses. The data matrix consists

of catch-per-unit-of-effort (crue) values for the species considered at
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each sanple station. The CPUE file will accept a variety of units and that
used in these anal yses was numbers per hectare (no/ha, based on area swept
by the sanpling gear; i.e., density) because it was considered a nore
reliable measure than weights (which were not always taken), or numbers per
unit time of traw, and avoided underestimating the inportance of small
organisms within the comwunity.

The program “Cluster” performs the analysis itself by calculating the
simlarity (or dissimlarity) values and conbining the entities according
to these values. The programis very flexible and allows the user to
execute several transformations and standardizations of the data matrix
along with a wide option of sinilarity coefficients and clustering strategy
combinations. It also allows a choice between “normal” or “inverse”
classifications, that is, clustering by stations or by species.

The 1ast two programs, “Cluster/Draw’ and “Cluster/Mp” give graphic
representations of the clusters produced in the formof dendrograns and
geographic maps showing the location of the different station clusters.

A wde variety of fish and invertebrates were collected during the
cruises that totalled nore than 200 different taxonomic groups, most of
which were identified to species. Considering the number Of stations
sanpl ed each cruise (up to 147), the size of such a data matrix causes two
difficulties: 1) the conputer’s capacity to handle such volunmes of data
and, 2) the possibility that station-species associations could he masked
by “indifferent” species. The term “indifferent” refers to species
occurring randomy and independently from each other over a certain area,
with no apparent preference or limtation within that area (williams and
Stephenson 1973).
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This extensive species list was reduced to its domnant elements to
facilitate the analyses by removing species far too rare to have a decisive
role in the classification. Inthis way, all species or taxonomc groups
present at less than 3.5% of the stations during each cruise were
disregarded. Al'so, some groups that had not heen identified consistently
during the cruises were excluded fromthe analyses. “Hernmt crabs”, for
exanple, were excluded from the My and August cruises although they were
among the 10 nost abundant groups both in no/ha and g/ha because they had
never been identified to a level lower than fam |y (Paguridae) during
these cruises. Finally some species were grouped into higher taxonomc
categories like genera to assure a coherent classification. From these
processes, the species used in the analyses were reduced to a maxinum of 62
(Table 3.1).

Data for the analyses were not transformed in any way because such
processes are often used to reduce the effect of very abundant catches at
some stations, but for the purpose of this study it was felt that
outstanding catches may have inportant ecological inplications such as

propitious habitats

3.2.2 Dissimlarity Values

The Bray-Curtis dissimlarity measure was chosen because of its wide
use in marine ecology (Field 1969; Day et al. 1971; Carter 1978; Chance and
Deutsch 1980; \alters and Mmcphait 1982; Davis et al. 1983) and because it
IS more sensitive to occasional large values (Clifford and Stephenson 1975
p. 58). 1ftnis the nunber of attributes (species) and X and X2j are the
val ues of the jth attribute (CPUE=density of the jth species) for any pair

of entities (stations 1 and 2) the Bray-Curtis coefficient is:
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Table 3.1 List of fish and invertebrates used in the
cluster analysis.

Class Ascidacea Cancer oregonensis
Chionoecetes spp.
Dermaturus mandtii
Elassochirus cavimanus (2)

Boltenia sp.
Colonial tunicates

Solitary tunicates Elassochirus gilli (2)
Elassochirus tenuimanus (2)
Class Anthozoa Erimacrus isenbeckii
Sea anemones Hapalogaster grebnitzkii
Hyas coarctatus
Class Stelleroidea Hyas lyratus
. . Labidochirus splendescens (2)
Asterias amurensis Oregonia gracilis
Evasterias troschel]i Pagurus capillatus (2)
Gorgonocephalus caryi Pagurus confragosus (2)
Henricia sp. . Pagurus dalli (2)
Leptasterias polaris Pagurus ochotensis (s)
Lethasterias nanimensis Paralithodes camtschatica
Ophiopholis aculeata (2) Paralithodes platypus

Pteraster tesselatus

Class Osteichth
Class Echinoidea ves
. . Order Pleuronectiformes
Echinarachnius parma

Strongylocentrotus droebachiensis Atheresthes stomias
Hippoglossoides elassodon
Class Holothuroidea Hippogiossus stenolepis

Lepidopsetta bilineata

Cucumaria sp. Limanda aspera

Glass Gastropoda Order Scorpaeniformes

Buccinum sp. (2) . Agonus acipenserinus
Fusitriton oregonensis Agonids (1)

Natica spp. (1)
Neptunea spp.-
Nudibranchs

Aspidophoroides bartoni
Gymnocanthus galeatus (2)
Gymnocanthus spp.
Gemilepidotus jordani

Class Bivalvia Hypsagonus quadricornis (2)

Chlamys sp. Liparis spp.
Clinocardium ser. (1) Myoxocephalus groenlandicus (2)
Hiatella arctica (2) Psycrolutes paradoxus (2)
Mytilidae (*) Sarritor frenatus (1)
Pododesmus macrochisma Sarritor leptorinchus (2)
Serripes sp. (2) Triglops spp.
Class Cirripedia Order Gadiformes
Balanus sp. Theragra chalcogramma (1)
Class Malacostraca Order Perciformes
Order Decapoda Ammodytes hexapterus
Argi Bathymaster signatus (1)
Crgls spg_]]_ Bathymasteridae
rangon dalli (1) Stichaeidae
Crangon spp. f%}
g;gg:;z:’gss Order Ophidiiformes
Spirontocaris spp.- Zoarcidae (1)

(1) May and August 1983 only. (*) More than 90% of the mussels caught
(2) April 1984 only. were Modiolus modiolus.
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S,Xli - X2

2 Xj + X2

The clustering strategy used was the “flexible sorting” first proposed
by Lance and Wlliams (1967) and later used successfully on marine benthic
data (Stephenson et al. 1970, 1972, 1974; Stephenson and WIlianms 1971;

Wl lianms and Stephenson 1973; Holt and strawn 1983). Like all ot her
strategies, it starts by fusing the pair of entities i, | with the smallest
dissimlarity (nmore simlar, according to the coefficients calculated) to
forma group of entities k. Then a new entity h (or a group of entities
already fused together) will be added that minimze the distance

Dhk = Dhi + Dhj + Dij
where D's are the distances between the groups, h, i, | and k; Ai = Aj
and Ai + Aj +B = 1 and B is the “cluster intensity coefficient” (WIIlians
1971).

Several authors have used a value of -0.25 for a cluster intensity
coefficient and it appears to have become a standard setting for
prelimnary investigation of classificatory problems. During the
preparatory phase of this analysis, values of -0.3, -0.5 and -0.6 were
also tried and -0.5 was finally adopted since this value produced nore
consistent and better structured dendrograms. Wth this coefficient the
clustering strategy acted as a noderately spaced dilating strategy: i.e.,
the chance that an individual entity will act as the nucleus of a new group
rather than join a pre-existing one is slightly increased.

After each run of the program the resulting dendrogram Was studied
for conposition of the clusters at different dissimlarity levels and for
consistency of their groupings. Wth station groups defined, the species
conposition and abundance at the stations that constituted each major
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cluster were studied.
Data from each cruise were treated separately to disconnect from the

seasonal variation or year-to-year differences in species abundance and
composition. Data from the August 1983 cruise were further divided
according to gear type (beamtraw = BT; rock dredge "RD) since a large
nunber of stations were sanpled with both gear during that cruise
Al'though some differences were observed in the fishing performnce of both
gear (particularly for the most nobile species |ike fishes), the main
reason for this separation was that they were used over different
substrates, even at the same stations (1 NM SSS survey), and therefore
coul d not he considered as conparative or repetitive hauls. This was not
consi dered necessary for the My and April cruises since there was al nost
no overlapping use of the two gear at the sane station as was comonly
done in August.

An analysis of variance (ANOVA) of the abundance as mean no/ha and
g/ha at the stations in each cluster was perforned for each species to
establish some neasure of significance in the differences occurring at each
cluster. \hen the ANOVA indicated a significant difference (at the 1%
| evel ) between clusters, pairwise t-tests were perforned to determne at
which cluster group a given species was more abundant. Data for these
ANOVA and t-tests were log-transformed (log (nt1) or log (k1)) to
“normalize” the data and meet one of the basic assunptions of the t-test,
that the data for each group is obtained froma normal popul ation (Zar

1974).,

3.3 Physical Environment: Tenperature

Sediment conposition and general substrate categories were discussed

in Section 2.2, and these are inportant conponents of community analyses
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and definition of critical habitat for crab in later sections. The only
other physical measurenent of some inportance taken on the cruises was
bottom and surface tenperature. CID casts were taken at nost stations and
the salinity around the Ppribilof |slands was 32 ®/o0. There was tittle
difference between surface and bottom salinities which were not different
between the three sanpling periods.

Bottom water tenperatures were colder at St. Paul than at St. George
Island in spring of hoth 1983 and 1984 (Figs. 3.3 and 3.4). 1984 was
substantially colder and bottom water tenperatures were typically 2 to 3°C
| ower than at the same time in 1983. The distinct difference in
tenperature between the two islands can be seen in Figure 3.4 when in late
April of 1984 tenperatures were alnost 2°C around St. George Island, but
almost -1°C nearshore of St. Paul. Surface tenperatures in the spring of
both years were virtually identical to those on the bottom indicating an
I sothermal water colum (Fig. 3.5, Appendix B8.1). I n May 1983, when larvae
of hoth target species of crab were abundant in the water colum, surface
tenperatures ranged between 2-4°C (Fig. 3.5). In April of 1984, however,
surface tenperatures ranged from approximately 2°C at St. Ceorge to -0.5%
near St. Paul and sea ice was present on the north side of St. Paul
(Appendi x 8.1). By August 1983 hottom water tenperatures nearshore of St.
Paul Island had increased to alnost 8°C (Appendix B.2}, but were only about
5.5°C near St. Ceorge Island. Surface water in August 1983 was nearly
uni form throughout the survey between the two islands at about 8.5°
(Appendi x B.3).
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Figure 3.3 Bottom tenperatures (“C), My 1983.
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3.4 Community Conposition and Structure

3.4.1 Species Studied and Station Clusters

The species considered for the anal yses of the hiological datafrom
each cruise, according to the selection criteria alreagy nentioned, varied
due to changes in abundance. In spite of this variation, 48 species or
taxonom ¢ groups consistently appeared in all the sanples at the top of
rankings. Altogether 57 species were selected for the analyses of the My
and August 1983 data and 66 were considered for the April 1984 cruise
including 8 species of hermt crabs identified during this cruise only.
Table 3.1 lists all fish and invertebrates used in the cluster anal yses.
Four final data groups were analyzed by clustering: My, all gear; August,
RD and BT separately; April, all gear

The resultant dendrograms grouped the stations of each cruise
according to increasing dissimlarity based on the density (no/ha) at each
station of the species considered (Fig. 3.6 for My; Appendices B.4, B.5,
B.6 for August and April). These dendrograms were examined at different
dissimlarity levels, but the level adopted as the point of truncation to
define station groups was the one believed to make the nost ecol ogica
sense. For this reason, the My dendrogram as an exanple, is truncated at
two different levels of dissimlarity: at a dissinlarity value of 4,
clusters 1 and 2 are defined and at a value of 11, cluster 3 is evident
(Fig. 3.6): In all four cases (cruises and gear above), 3 mgjor clusters
were selected that grouped stations with the most simlar biologica
characteristics in terms of species caught and their densities. [In the
dendrograms, each vertical line at the zero dissimlarity value represents
a single station and they are linked as increasingly larger groups as their
simlarity decreases. The horizontal lines linking two stations or two

groups of stations show the dissimlarity between them The station
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Figure 3.6 Dendrogram Showi ng the relationship between the stations of the

May i983 cruise, beamtraw s and rock dredges conbined. Nunbers
1, 2, and 3 indicate cluster groups common to all cruises (see
Appendi ces B.4-6).
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nunbers are not shown in the figures for lack of space but station groups
defined by each of the four dendrograms are shown in Figures 3.7, 3.8 and
3.9.  The cluster nunbers (1,2,3) were arbitrarily assigned after the

anal yses and designate cluster groups (C6) of sinilar substrate and species
characteristics throughout the different trips; all clusters with the same
number have simlar characteristics.

The geographic locations of the stations grouped within each of the 3
maj or clusters are shown in Figures 3.7 to 3.9. A perceptible pattern of
station distribution is evident within each cluster during each of the
three different cruises. Stations in Cluster Goup 1 (CG 1) occurred near
the main two islands within the 60 misobath around St. Paul Island and
particularly along the submarine ridge that extends east of St. George
Island and somewhat to the north as well (Fig. 3.7). Stations in Custer
Goup 2 (CG2) were also in shallow water around St. Paul, but notably very
few of them were found near St. CGeorge Island except in April (Fig. 3.8).
Finally, stations belonging to Cluster Goup 3 (CG 3) were located in
deeper water generally greater than 60 min the basin between the two main
islands. Rock dredge stations of CG 3 in August (Fig. 3.9) were not so
clearly segregated relative to the other trips since this gear was only
used at restricted, nearshore stations on rough substrates where the beam
traw could not be used accurately. However, despite the geographically
different locations, these stations still had characteristics that justify

inclusion with the other stations in ¢6 3 based on biological associations.

3.4.2 Cluster Goups and Substrate Type

The extensive analyses of substrate characteristics given in Section
2.2 provided major attributes with which to characterize stations within
the three Ces. SSS traces (Figs. 2.5 to 2.7) and resultant maps of mgjor
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Figure 3.7 Geographi_cal locations of stations in Custer Goup 1 formed for
each cruise and rock dredge and heam fraw data separately in
August 1983.  Substrate af these stations is conposed primarily of
cobbl e and rock and extensive shell hash (type 1), and is an area
of high density of juvenile blue king crab.
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Figure 3.8 Geographical locations of stations in Cluster Goup 2. Here, the
substrate was a mxture of sand, cobble, rock and shell, and is
viewed as transitional between Cluster Goups 1 and 3.
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Figure 3.9 Ceographical locations of stations in Cluster Goup 3. Substrate
is manly nud and sand and very little shellhash. Adult blue king
crab were typically located at stations in this cluster group.
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sediment types (Figs. 2.9, 2.10; rock, cobble, gravel and sand) including
shellhash (Figs.2.12and 2.13) help to give perspective to stations of

OGS shown in Figures 3.7 to 3.9. For ease of reference between (‘s and
general substrate categories, the latter were coded as follows (Table 3.2):

Substrate Type 1 (ST 1) includes sandy bottonms with phi values ranging

from mud to gravel (0.063to 4 m . Gain sizes in this rather wde range
were |unped together because the sediment analyses indicated very poor
sorting, with nost of the sanples having an average phi val ue between fine
and coarse sand (Appendices A1 and A.2). This substrate generally occurs
outside the 60 misobath in the basin between St. Paul and St. George
Islands except to the southeast of St. Paul where sandy bottons are found
nearshore (Fig. 2.8).

Substrate Type 2 (ST 2) defines rocky habitats conposed of particles

from pebbl e and cobble to boul ders and rock shelves. These different rock
formations occurs around all four islands of the group (Figs. 2.9 and
2.10) and to the east of St. George Island formng a submarine ridge.
Substrate Types 3 and 4 (ST 3 and ST 4) conprised the two categories
of shellhash (shell debris) described in Section 2.3. SH | (ST 3)
consisted of relatively intact shells or large pieces, while SH 11(ST4)

consisted of pulverized, well-washed small pieces of shell (Section 2.3;
Figs. 2.11 to 2.14).

Stations of CG1 (Fig. 3.7) are characterized by a preponderance of ST
2 and ST 3 (1able 3.2). Rock and SH | were found at nmore than 60% of the
stations and constituted as much as 90% among R stations of the August
1983 cruise. Another distinctive property of ¢6 1 is the |ow number of
stations with sandy substrates included in this group: the highest

proportion of all sand substrates sanpled by BT was 22% in August 1983, but
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Table 3.2 Summary of the substrate characteristics of the
stations that constituted each of the major clusters.

Number
of stations

Percentage

WwithMn clusters

Between clusters

May - Both gears
Substrate . 1 2 3 4 T
C uster Aver?%

depth

1 5 6 10 10 1 27
2 50 161 3 1 21
3 1 46 0 1 0 47
T 68 11 14 2 95

August - seam trawl

22 37 37 4 100
765145 100
98 0 2 0 100

-
"~
jw
T

8917150
24 9 21 50
68 0 7 0
100 100 100 100

cat egori es

see [ €X
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Substrate . 1 2 3 & I 1 2 3 & 1T 1 2 3 4
Cluster Average
depth (m)
1 60 11 4141 30 37 13 47 3 100 22 100 82 100
) a4 13 010 14 93 0 7 0 10 27060
3 7 25 0 2 0 27 93 0 70 100 510120
T a9 4 17 1 71 100 100 100 100
August - Rock dredge
Substrate . 'L 2 3 4 I 1 2 3 4 T 1 2 3 14
Cluster Average
depth %m)
3 54 0 411 1 26 39 15 42 4 100 42 12 31 14
2 55 14 7 3 125 56 28 12 4 100 58 23 8 1
1 40 0 20 22 5 a7 0 434710 100 O 65 61 n
T 24 313 7 98 100 100 100 100
fpri 1 - Both gears
Substrate . pr 2 3 &4 T 1 2 3 &4 I 1 2 3 &
Custer Average
depth (m)
2 54 5 518 13 51 29 1035 26 100 22 « 38 72
1 60 2 42 3 35 6 11 74 9 100 3 33 54 17
3 66 52 3 4 2 61 85 5 73100 7525811
T 69 12 48 18 147 100 100100 100
Substrate tpe: 1+ Mid to granul e

2sPebble O ?ould rs z%nd rock sheIY]egéh

3= Shell hdsh 5 ; 4ashell hash 11 for sheti




this val ue was only 8% and 3% for the May 1983 and April 1984 cruises,
respectively, and no sand stations were included in CG 1for RD sanples in
August 1983 (Table 3.2).

63 (Fig. 3.9) typically included stations with a high proportion of
ST 1. Sandy substrates were most conmon anong station groups from the My
and August BT sanples and April cruises and comprised 98% 93% and 85% of
the stations, respectively. August RD stations grouped in CG 3 also showed
a mgjority of sandy substrates (56% although not so marked as in the other
cases (Table 3.2). In addition, CG 3 included the [owest nunber of
stations with SHII (ST 4). Fourteen percent of all stations of ST 4
sanpled with the RD in August and 11% of those classified as ST 4 in April
were included in ¢6 3. No SHI substrate was included in ¢6 3 fromthe My
cruise or fromthe 87T sanples of the August cruise (but the nunber of
stations with this substrate category were so few that this absence my not
be representative).

¢6 2 (Fig. 3.8) contained stations whose substrate proportions were
general |y internediary between those of ¢¢ 1 and 3 (Table 3.2). There was
a high proportion of sandy substrates but, except for the April data, Chi-
square tests showed no significant difference between the observed
proportions of any substrate category and the expected values (Table 3.3).
These characteristics suggest that stations of CG 2 may be transitory
between those of ces 1 and 3; a hypothesis that is substantiated by
biological data (Section 3.5). chi-square tests showed that substrate
distinctions between CG 1 and 3 were significant at the 1% level (except
for c& 3, BT stations, of the August cruise Table 3.3). It is inportant to
renenber that the cluster analyses were performed using density data as
No/ha. No consideration was given to any substrate attributes and the
clusters were formed solely on the basis of biological characteristics of
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Tabl e 3.3 Chi-square tests of the nunber of stations with each substrate
type in each cluster. Ho : the substrate types are distributed
in the clusters pr(T)ﬁorHonately to the total nunber of stations

in each cluster. .
expected number (in parentheses) if 1-10 is true.

e number of stations is followed by the

C ust er
1

2
3
T

C uster
1

2
3
1

May 1983
Substrate type
1 2 3 4 T
6 (19.3) 10 (3.1)10(4.0) 1 ( 0,6) 27
16 (15.1) 1(.2.5) 3(3n 1. 04 21
46 (336) O ( 54 1 (7200 o ( 1.0) 47
68 11 14 2 95
August 1983 Beam traw}

1 2 3 4 T
11 (20.7) 4 ( 1.7) 14 ( 7.2) 1(0.4) 30
13 ( 9.7)° 0 ( 0.8) 1 ( 303) O ( 0.2) 14
25 (186) O (15) 2 (65) O ( 0.4) 27
49 4 17 1 71

August 1983 Rock dredge

| 2 3 4 T
0 11.52 20 (14.9) 22 (17.2 5 ( 3.4) 47
10 6.)4(8.23 11 ( 9.6 1 ( JLR) 26
14 (61 7(7.9 3(92 1 ( 1.8) 25
24 31 36 1 98

Aprf 1 1984

1 2 3 4 T
9000- - - === m e e N |
2 (16.4) 4 ( 2.9) 26 (11.4) 3 ( 4.3) 35
15 (23.9 5 ( 4.2) 18 (16.7) 13 ( 6.2) 51
S2 528.7; 3 ( 4.9 4 (19.9)2.(7.5) 61
69 12 48 18 147

thi square

33.74 **
1.61
16.04 **

Chi square

14,96 **
3.79
7.16

Chi square

15.38 **
4, 86
14.75 »=

Chi square

32,09 .*
10.92 *
36.958 **
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the stations (NOTE: see Appendix B.13 for a discussion'of clustering

techniques and the data used).

3.5 Species Associations: Communities

Based on station groupings, the biological characteristics of each
cluster group were studied in terms of species frequency of occurrence
density (as No/ha and g/ha) and individual average weights. The results of
these analyses are given in Table 3.4 as an exanple of results for My, and
in Appendices B.7, B.8 and B.9 for August BT, RD and Aprii, respectively.
These tables only list the 26 nost frequent, abundant and persistent
species within a given cluster. Appendix Table B.9 (April cruise) also
includes 8 species of hernit crabs. Frequency of occurrence and abundance,
both as numbers and bhiomass, were considered when studying the
characteristics of the different C6s and establishing species associations
and substrate relationships for cluster groups. Analyses of variance and
pairwise t-tests were perforned for the abundance and weights as No/ha and
g/ha as a neasure of differences between clusters. Theoretical and
mat hematical considerations of these tests are debated in the discussion
but for nowit is inportant to say that they are biased. Henceforth, the
terms “significance test” and “significant” wll be used for the sake of
brevity but also contain some provisos.

Anot her neasure of the extent of the association of a given species to
acis the fidelity. The sinplest definition of fidelity is the ratio of
the frequency of occurrence within a station group to the overall frequency
of occurrence in the study area, expressed as a percentage (Stephenson et
al. 1970). Appendix Tables B. 10, 8.1l and B.12 give the fidelity values to

each of the cluster groups of the 26 species considered.
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Table 3.4 List of domnant species, frequency of occurrence, average
density (in nunber/hectare and grans/hectare), and average
individual weights at the stations that constituted each of the
maj or clusters from the My 1983 cruise.

Cener al
Taxonomic Species Cluster Freq N N W/N
G oup number (%9  (Mo/ha)  ( g/ha) (9)
Coelenterata Sea Anenones 1 40. 7 113.7 9826. 7 86. 4
2 42.9 63. 6 31415.9 494.0
3 40. 4 55. 6 32028. 8 576. 1
Echinodermata A. amurensis 1 7.4 14.7 1032,.2 S 70.2
2 33.3 259. 0 54202.9 209. 3
3 38.3 77.2 18185.7 S 235.6
Henricia Sp. 1 11.1 60.9 * 237.9 * 3.9
2 0.0 0.0 0.0 0.0
3 2.1 0.2 12.1 60.5
L. nanimensis 1 14.8 14.0 3412.9 243. 8
2 19.0 4.2 1751*5 417.0
3 25.5 5.4 1074.0 198.5
S. droebachiensis 1 55. 6 601.7 * 28495.6 * 47.4
2 23,8 56. 3 3162.0 56. 2
3 2.1 7.5 370.0 49.3
Cucumaria Sp. 1 11.1 89.9 72376. 4 805. 1
2 9.5 448.1  204622.8 456. 6
3 0.0 0.0 0.0 0.0
Mollusca F. oregonensis 1 37.0 239.8* 10130,7 * 42.2
2 9.5 18. 8 2618.9 139.3
3 4.3 1.5 23.0 15. 3
Nept unea spp. 1 14.8 44.4 s 2933.4 S 66.1
2 33*3 92.6 8999. 2 97.2
3 57. 4 84.0S 14328.4S 170.6
Nudibranchs 1 48. 1 224. 3 552.6 2.5
2 42.9 59.1 66. 0 1*1
3 57.4 72.2 120.6 1.7
Chlamys Sp. 1 55.6  5279.5 * 55793.1 *  10.6
2 23. 8 56. 8 450. 7 7.9
3 8.5 15.1 283.9 18.8
Mytilidae 1 44.4  2801.7 * 78420.4 * 28.0
2 14.3 13.6 791.1 58. 2
3 0.0 0.0 0.0 0.0
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Table 3.4 (continued)

Gener al

Taxonomic Species Cluster Fre N W W N
Group nunber (%) (No/ma) (g/ha)  (q)
P. macrochisma 1 66, 7 613.1 * 124384,.2 * 202.9

- 2 14.3 290 * 3380077 * 127.6

3 4.3 37.3 2567. 2 68. 8

Crustacea Cirripedia 1 22.2 82.5 S 3899.3 S 47.3
2 14.3 3.9 240, 3 61.6

3 4.3 3.15s Or9S 0.3

Pandalus Spp. 1 25.9  2306.2 829.4 0.4

2 28.6 28.3 60. 8 2.1

3 53.2 78.3 56. 6 0.7

._oreqonensis 1 63.0 580.6 * 489.7 * 0.8

2 28.6 18.5 49.0 2.6

3 12.8 7.9 8.9 1.1

Chionocetes spp. 1 37.0  1138.1 3266.6 * 2.9

2 71.4 298.1 6986.7 * 23.4

100.0 4819.0 .55495,1 * 115

E. isenbeckii 1 18.5 84.9 3144.1 37.0

2 52. 4 179.0 2844.7 15.9

3 44,7 19.8 4863. 7 245. 2

H. lyratys 1 33.3 475*3 929.0 200

2 28.6 35.2 259. 4 7.4

3 29.8 13.7 67.6 4.9

O gracili 1 85.2 1049.3 * 1082.5 1.0

2 61.9 158.2 * 868. 1 5.5

3 29.8 106.4 * 122.8 * 1.2

P. platypus 1 37.0 302.8 2822. 3 9.3

2 28.6 14.0 4596. 9 328.4

3 46. 8 22.1 19035. 8 861. 3

Fish A bartoni 1 18.5 64. 3 54,3 0.8

2 38.1 0.0 38.0 2733.2

3 36. 2 11.4 13.4 1.2

Cyclopteridae 1 22.2 145.5 s 192.8 1.3

2 28.6 8.0 26. 4 3.3

3 19.1 4.9 s 1905 4,0

H. jordani 1 14.8 27.6 3559.9 129.0

2 42.9 18.6 6420. 8 345. 2

3 40. 4 16.1 8409.0 522.3
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Table 3.4 (continued)

General
Taxonomic Species Cluster Fre N W W N
Group nunber ( %) ( no/ha ) ( g/ha ) (g)
H. elassodon 1 0.0 0.0 s 000 S 0.0
2 23.8 11.3 182.9 16.2
3 42.6 21.8S 395.1s 181
H. stenolepis 1 0.0 0.0 0.0 0.0
2 23.8 2.6 * 1043,4 * 401.3
3 4,3 0.4 88. 7 221.8
L. bilineata 1 14. 8 46.7 * 229.1 * 4.9
2 66. 7 408. 9 13751, 0 33.6
3 70. 2 227.0 9033. 2 39. 8

* Values are significantly different, at the 1% level, from the values of
the other two clusters (see text).

S Two values are marked with this symbol when they differ significantly,
but none of themis significantly different fromthe third.
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3.5.1 Custer Goup 1

The starfish Henricia Was al ways nost abundant in €6 1 and both
density and biomass (g/ha) were significantly higher than at ¢ 3.
Al'though the differences with 6 2 were not always Significant, frequency
of occurrence at ¢ 2 was nore than double that of CG 3, (Table 3.4
Appendi x B.7 to8.9). Fidelity to ¢c 1 was over 70%for all cases but

April (Appendix B.10).
The green sea urchin_ Strongylocentrotus droebachiensis was constant|y

one of the most frequent and abundant of the species in 6 1. Frequency of
occurrence ranged from 55.6% to 91.5% and the density varied from 600 to
1800/ ha (Table 3.4; Appendix B.7 to B.9). These values were significantly
different fromcs 2 and CG 3 except for the August RD stations when it was
also found in high densities inc6 2 Fidelity to 6 1 was consistently
high, between 62.3% and 77.8% and ranked second in overall fidelity
(Appendi x B.10).

The cucunbers (Cucumaria) were the group with thehi ghest biomass,
with average values often in excess of 100,000 g/ha. They were always more
frequent at c6¢ 1 anti signfiicantly more abundant (both as No/ha and g/ ha)
during August (81) and April (Appendix B.7 to 8.9); with a fidelity to ¢6 1
of 61.3% they ranked fourth overall.

Fusitriton oregonensis Was nmost frequent in ¢6 1, with percentages

varying between 26.7% and 62.9% values always higher than those of CG 3.
Density and biomass were often higher at ¢c 1 (except for the August RD
stations when biomass was higher at CG 2), but these values were

significant only during May and April (Table 3.4; Appendix B.9).

Chlamys occurred most freugently gnd was signficantly nore
abundant in ¢6 1 (5280/ha, May) than in CGS 2 (57/ha) and CGS 3 (15/ha).

The overal| fidelity to ¢6 1 was fairly high (52.0% denoting a preference
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for the stations in these groups over CG 2 and cG 3.

Missel s (Mytilidae) were nost frequent in C 1, ranging from30%to
63.8% and, although they also occurred frequently in CG 2 in aprit (58.8%
and ro stations in August {57.7%, densities were significantly higher for
all cases. Average biomass values were among the highest, with a maxinum
of 152,561 g/ha for August RD of CG 1. Fidelity to C6 1was also high at
57.9%overal |, 80.0% and 90% during May and August BT, respectively

(Appendi x B.10).
Pododesmus macrochisma ranked third in overall fidelity to CG1 with

per cruise values between 52.9% and 84.6% Frequencies of occurrence
ranged from 36.7% to 87.2% the former corresponding to August stations
sanpled by BT, which may have not bheen very effective in catching

this bivalve,

Barnacl es (Cirripedia) were nore frequent and significantly nore
abundant in CG 1 than in CG 3. The frequency of occurrence in €6 1 varied
between 16. 7% and 38.8% and the density was fairly constant (83, 110and
110/ha for May, August RD and April, respectively). Fidelity to €61
ranged fromb54.5%to 91.7%and it was top ranked overal|.

Cancer_oregonensis Was significantly nore frequent and abundant in CG

1 except for the RD stations of the August cruise when it was nore abundant
in CG 2. These nunbers, however, were not statistically different and it
was nore frequent in CG 1 (89.4% than in CG 2 (69.2% (Appendix B.8).
Al'so, fidelity of this species to CG1 (62.7% was nmuch higher than to 6 2
(26.9% (Appendices B.10 and B.11).

O the eight species of hermt crabs considered in April, only

Elassochirus cavimanus occurred nore frequently and was significantly nore

abundant (both as No/ha and g/ha) in ¢a 1. Frequency of occurrence was
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62.9% 33.3%and 14.8%for ¢6 1, 2 and 3, respectively.

Oregonia gracilisusuallyoccurred nore frequently in CG 1, ranging

from80.0%to 97.9% but it was also very frequent in €6 2. Densities were
al so higher in ¢ 1 and CG 2, but significantly so only in My (1049/ha and
158/ ha in ¢es 1 and 2, respectively) and for the BT stations of August
(Table 3.4; Appendix B.7). Overall, fidelity to CG 1 (43.5% was higher
than to CG 2 (31.3%.

Blue king crab occurred frequently in CG 1 and ¢ 3 but densities were
generally higher in CG 1 and average individual weights much smaller than
ince2 Athough there was no statistical difference between clusters
either in No/ha or g/ha, extensive populations of juvenile blue king crab
(densities often in excess of 2500/ha) were found nearshore around St. Paul
Island and east of St. George Island (CG 1) while adult crabs were often
found in the basin between the islands (CG 3). An exception to adult
distribution in My and April as larvae were hatching, was the presence of

mature femles nearshore and to the east of St. Paul Island.

3.5.2 Cluster Goup 3

Gastropod of the genus Neptunea were ranked second in fidelity to CG,
3. They were always nore frequent in CG 3 and significantly nmore abundant
than in ¢e 1 except for the August RD, when the difference was not
significant. The average individual weights for Neptunea of €6 3 (about
160 g) varied very little between cruises but were nuch higher than those
of CG 1 which ranged from32 to 15 g (Table 3.4; Appendix B.7 to B.9).
These val ues suggested a size segregation simlar to that for blue king
crab.

Tanner crabs (Chionocetes) Wwere consistently nore abundant in (6

3 and all values of density and biomass were significantly higher than
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those of CG 1. They were found at a1 stations of C6 2 in My and August
BT and at 95.12 of the stations °f april CG 3. Only ¢6 3 of the August RD
had relatively low frequency occurrence (52.09% but still nuch higher than
that of OG 1 (8.5%. Total biomass f{as g/ha) was sign ficantly hi gher
(more than an order of magnitude) in ¢6 3 than in cg 1 except for the

August Rp stations.

The hermt crab Labidochirus splendescens_was nost frequent at CG 3

(during the April cruise), being present at 63.9% of the stations.
Fidelity to ¢6 3 was very high (75.0% and ranked fourth for that trip

(Appendi x B.12). Pagurus_ochotensis was present at 70.5% of the stations

ince3of April and was also significantly nore abundant both as No/ha and
g/ha.  Fidelity to CG 3 was 73% among the highest for that cruise
(Appendi x B.9 and B8.12).

The fish Aspi dophoroides bartoni had a fidelity to ¢& 3 higher than to
CG 2 (55.3%vs 23.4% but it was more frequent in CG 2 in My and August RD
and densities (No/ha) were higher at CG 1 except for the August RD stations.

These nunbers, however, were not significantly different fromthose of CG 2
and CG 3 (Table 3.4; Appendix B.7 to B.9) seens to suggest a wider
distribution of this species across the different cluster groups.

Fl at head sol e {Hippoglossoides elassodon) were found mainly at

stations in CG 3, with frequencies ranging from4.0%to 51.9% the |owest
val ue corresponding to the RD stations of August. This gear may have not
efficiently sanpled these active swimers, but no flathead sol e were found
in CG1in My, August or April. Abundances were significantly higher in
CG 3 conpared to CG 1 and in August were 35.7 and 12.7/ha, respectively
(Appendi x B.7). Fidelity to CG 3 ranked first at 78.7% overall, while it
ranked least in CG 1 and CG 2 (Appendices B. 10 and B.12).
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Rock sol e (Lepidopsetta bilineata) Wwere very frequent in both ¢6 2 and

6 3, however, fidelity to CG 3 was almost twi ce the value as for ¢ 2

(56.1 vs 28.0%).

3.5.3 Custer Goup 2
No species were consistently (and significantly) domnant in ¢6 2
throughout trips. The starfish_asterias_amurensis Was al ways nore abundant

(both in No/ha and g/ha) at CG 2 but density was significantly higher only
for the August RD. Korean hair crab often occurred more frequently at CG 2

(except during the April cruise), but abundance, both in No/ha and biomass,
was inconclusive. Fidelity of this crab species to ¢ 3 (44.3% was higher
than to ¢6 2 (35.7% but nevertheless the difference did not show a clear

association of the crab to any group.

3.6 The Sea Urchin Community
Al'though there is no uniformy accepted definition of “community”,

Stephenson (1973) has indicated that comunity boundaries could be
recogni zed either by abiotic or hiotic criteria. Fager (1963) gave an
operational definition of comunity as a group of species that are often
found together. kihara (1983) stated that comunities are formed with the
core species which are stable despite environmental fluctuations. The
stable cOre species group can be regarded as the dom nant species group.
The nost abundant and stable species in ¢ 1 is the green sea urchin
and, therefore, is the core species to characterize the community defined
by GG 1. The frequency of occurrence within CG 1 varied from 55.6% in My
to 91.4%in #pril. The abundance ranged between 602 and 1949 individual s/ ha
in My and April, respectively. These values were significantly higher
than abundances within the other two cluster groups for the My and April

cruises and for the BT stations of the August cruise. |ndividual average
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wei ghts ranged from20.0 to 52.0 g for the BT and R stations,
respectively, of the August cruise. The frequency of occurrence as well as
the abundance was noticeably lower in the other two CGS, showing a clear
affinity of this species to stations in 6 1. A nmeasure of this affinity
(i.e., the extent to which a species is confined to a given set of
stations) is the fidelity. Geen sea urchins were second on the [ist with
an overal | fidetity of 67.3% of 8 top-ranked species that had fidelity
values over 50% (Appendi x B.10).

Since other species also occurred frequently and were abundant in Cé
1, the structure of the Sea Urchin Community can be defined by the

fol lowng species: Cirripedia, the crab Cancer oregonensis, the gastropod

Fusitriton oregonensis, t he bival ves Chlamys Sp., Pododesnus macrochisma

and Modiolus mussels, the starfish Henricia Sp. and the sea cucunber

Cucumaria sp. (Fig. 3.10). The hermt crab Elassochirus cavimanus, only

considered in April, occurred frequently in CG 1and was significantly nore
abundant than in ¢ 2 and CG 3 and, therefore, included in the Sea Uchin
Cormunity.

The Sea Urchin Comunity is typically found nearshore to the south and
east of St. Paul Island, and east of St. George Island along the submarine
ridge. It occurs on a gravel-cobble-rock substrate that is often overlain
with SH | mterial (Fig. 3.10). This is a habitat, and therefore comunity
that is spatially very limted around the Ppribitof Islands and certainly
over nuch-of the SEBS shelf.

It is also a comunity (CG 1) that inc’ udes juvenile stages of blue
king crab, associated primarily with SH 1. Juvenile crab up to 20 m CL,
but nost often less than 10 mm CL, were found in large nunbers east of st.

Paul and st. George Islands. Tabl e 3.4 and Appendices B.7 to B.9 show nuch
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Figure 3.10 Sea urchin comunity, typical of rock and cobble habitat nearshore of St. Paul and
st. George islands. 1, Fusitriton Oregonensis; 2, Chlamys Spp.; 3, Pododesmus

macrochisma; 4, Mytilidae; D, Henricia SPp.,; O, Séj]‘o‘centrotus droebachiensis;
7/, Cucumaria spp.; 8, juvenil|l @ Paralithodes pl afypus: 9, Elassochirus cavimanus;
10, Cancer oregonensis; 11, Cirripedia.




| ower average individual weights in CG 1 versus G 3 as evidence of spatial
segregation of small juveniles and adult crabs. Athough the ANOVA did not
show consistent significant differences in abundance between clusters
(probably because of large variability between stations), there is strong
evi dence of the dependence of the juvenile blue king crab on substrates
like rock and s# | that afford refuge from predators (Section 4.0).
Survival of juveniles that fail to settle to such habitats may be seriously
reduced. During this early life history stage, juvenile blue king crabs

are critically tied to the Sea Urchin Community and its characteristic

habitat (Fig. 3.10).

3.7 The Tanner Crab Community

The dom nant species in CG 3 are Tanner crabs of the genus_Chinocetes
Spp. (C. hairdi, C _opitio) and a hybrid of the two species. All 3 crab
were synpatric in their distribution and were, therefore, considered

together for comunity analyses. The frequency of occurrence within CG 3
varied between 51.0% for the RD stations of the August cruise, to 100% of
My and August BT stations and abundance of this species ranged from 550 to
4819 individuals/ha. The Tanner Crab Conmunity also included the flathead
sole, the rock sole, and the gastropod Neptunea (Fig. 3.11). Adult bl ue
king crabs are nmost often found at the stations in CG 3, typically on sand
substrate between the islands. Adult female crab nove closer to St. Paul
Island at the time of larval hatching (Arnstrong et al. 1985; Section 4.0)
probably as an adaptation that retains larvae nearshore where substrate for
juvenile settlement (Sea Urchin Conmunity) is optimal. After the eggs
hatch, the females become nore widely distributed through the Tanner Crab

Community.  The hermt crabs Labidochirus splendescens and Pagurus

ochotensis both have high frequency of occurrence and are significantly
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more abundant in CG 3 than in either ¢& 1 or 6 2.

Assum ng that the abiotic marine environment influences the abundance
and bi omass diversity of benthic species and partially structures their
communities, it is necessary to infer a relationship between the Sea Urchin
Comunity on the rocky/cobble substrate with Si 1 (CG 1), and also between
the Tanner Crab Community and the predom nantly sandy bottoms of CG 3.

Sone of the relationships are obvious to the biologist: sessile
invertebrates fromthe Sea Urchin Community (sea urchin itself, mussels,

barnacl es and Pododesnus marcrochisma) need hard substrates to devel op

after larval settlement. QOher species are not so clearly associated with

this kind of substrate (e.g., Cancer oregonensis, Fusitriton oregonensis,

the starfish_Henricia, the hermit crab E. cavimanus and juvenile blue king
crab). The relationship could be based on the need for refuge among rock

cavities and shells, on nmore conplex interactions with the environnent, or
on other organisns of the community through predator-prey associations or

conpetition with other species. Still, the clustering method proved useful
to identify species assenblages and distribution of the communities.

Jewett and Feder (1981) studied epifaunal i nvertebrates in the Bering
and Chukchi Seas and found Tanner crab (C_ opilio) to be the nost frequent
and abundant species. At depths between 40 and 100 m the average combined
bi omass for _C. opilio and C._ bairdi in the SeBS was 13,270 g/ha. This
value is remarkably simlar to the averages for stations of €& 3 in August
(BT) and April (15,969 and 12,292 g/ha, respectively), and within the sane
order of magnitude of their average biomass during the My cruise (55,496
g/ha). Asterias amurensis was abundant in shallow water (< 40 m) at an
average biomass of 15,720 g/ha. At the pribilof Islands this starfish
reached 97,000 g/ha (August RD) and an average biomass over 20,000 g/ha was

commn.  Jewett and Feder found Neptunea ventricosa and N. heros were nore
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abundant between 40 and 100 m at an average biomass of 1800 ¢/ha. In this
study, Neptunea were also more abundant at the deeper (40-90 m) stations of
CG 3, but since several species were grouped together, biomass conparisons
cannot be nade.

Lees et al. (1980) studied t he epifauna Of rocky subtidal habitats in
Cook Inlet and listed the green sea urchin as the main herbivore at Jakolof
Bay, with densities often in excess of 20,000/ha, alnmost an order of
magni tude greater than 1,800/ ha found in April at the pribilof |slands.
Sea urchins were also quite abundant at Seldovia Point and Kachemak Bay.

Modiolus modiolus WAs al SO very common at Jakolof Bay (average Wet tissue

2
wei ght 7.8 kg/m), Kachemak Bay and on the west side of the Cook Inlet.

Fusitriton oregonensis Was listed as the nost inportant snail at Jakoelof

Bay. CQther inportant epibenthic invertebrates on rocky substrates included

starfishes Crossaster papposus, Henricia leviusculus and H. sanguinolenta;

t he clams Macoma, Saxidomus gigantous and Humilaria kennerlyi; t he

barnacl e Balanus nubilus and sea cucunbers Cucumaria miniata and C. vegae,

among others. Mbst of these species are also inportant conponents of the
Sea Urchin Comunity (rocky substrate) characteristic of ¢6 1 at the

Pribilof | sl ands.
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4. BLUE KING CRAB

The primary objective of this program was to study the general life
history, ecology, distribution and popul ation dynamcs of blue king crab
around the Pribilof Islands in order to have such data as background
necessary to assess potential inmpacts of oil spills. In this section we
present the results of those studies for three major life history stages
(larvae, juveniles, adults] as well as details of approach and methods and
materials used to carry out the studies. Al such information is
applicable to Korean hair crab investigations as well and will not be
repeated in the next section (5.0) unless specific coments on methods and
materials different fromthose used for blue king crab are necessary. The
reader should conme back to this section for information concerning
approaches when reading the Korean hair crab section.

ne approach taken to display data on distribution and abundance was
to group stations within strata that were established throughout the study
region, and nodified for different life history stages and in consideration
of features such as depth and substrate. Details of strata configurations
and station groups are presented within specific sections dealing with life
history stages, but a general approach is shown in Figure 4.1. This
division of strata represents a conpronm se between the more extended
distribution of adults and larvae, and nore restricted distribution of
juveniles. “The larger Strata 1, 2, 3, 4, 5 and 6 reflect genera
distribution of crab and station arrays used to portray regional
differences ‘in larval and adult popul ations, whereas smaller Strata 11,21
3t,41and 61 nore closely conformto the limts of distribution of
juveniles. Appendices O, ¢.2 and C. 3 show station |ocations during the

three cruises relative to these strata
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Figure 4.1 Stratum configuration of geographical areas. Inshore areas
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41larvae
4.1.1 Approach

Larvae were present in the water colum in My 1983 and #pri1 1984 but
not in August 1983. Collection stations were the sanme as those shown in
figures of survey design (Figs. 2.1 and 2.2), although in April 1984 fewer
zoopl ankton sanples were taken around St. Paul Island because of sea ice
and lack of larvae.

Pl ankton sanmples were generally taken with twin 60 cm bongo nets with
a mesh of 505 um These nets were towed obliquely according to CALCOFI
procedure (Smth and Richardson 1977) to a depth of 80 mor five neters
above the bottom whichever was less. Each net was fitted with a Genera
Oceanics “bull et” flowmeter. Usually, the sample from net #1 was
preserved, and the sanple from net #2 was examned alive with notes taken
and larvae renoved for onboard experinents and dry weights. If a problem
(e.g., jellyfish clogging) occurred with net #1, then net # was
preserved. Al zooplankton sanples were preserved in 5% buffered (with
sodi um borate) formalin in Seawat er

A 1 m Tucker traw, rigged to open and close at depth, and a nodified
Sameoto neuston sanpler were used to nonitor diel vertical distributions of
the crab larvae. Nets and cups for these sanpling devices were also 505 urn
nmesh, and carried the “bullet” flowmeters. Tow duration for both gears was
always 10 minutes. During My 1983, sanpling of vertical distribution was
done at 50 m 25 m and the surface every six hours for 24 hours. During
April 1984, vertical distribution was sanpled wth oblique Tucker traw
tows fromeo to 41m 40to 2l m and 20 mto the surface every three hours
for 24 hours.  No such work on vertical distribution was done in August

1983, because larvae were not present.
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Processing: Plankton sanples were rinsed with fresh water and sorted
for the target species with a dissecting mcroscope. Entire sanples were
sorted whenever possible; however, it was necessary to split some sanples
toQ 50, 0.25 or 0.125. Splitting, when necessary, was largely due to
excessive amounts of chain-formng diatoms or, nore rarely, large numbers
of crab larvae.

BKC larvae were staged according to Hoffman (1968) and Sato (1958);
Korean hair crab larvae according to kurata (1963). Counts were nade for
each stage, and the 1arvae preserved in 70% et hanol. The remnaining
pl ankt on sanpl es were again preserved in formalin. Voucher specimens of
each species and stage were deposited at the California Acadeny of
Sci ences.

Dry weight analysis: Larvae of all stages of hoth crab species caught

during the May 1983 cruise were p'1aced in pre-weighed aluminum boats, dried
at 60°C and stored in a dessicator. These |arvae were then weighed to the
nearest mcrogramw th a Cahn electrobalance. The boats with the larvae
were then put into a nuffle furnace at 550°C for 24 hours and subsequently
reweighed to obtain an ash-free dry weight.

NODC Data Format: Plankton data for the 1983 My and August, and 1984

April cruises were coded according to Nod¢ file type 124 and entered into

the University of \Mshington Cyber conputer. Programs which cal cul ated
larval densities per 1000 m3and per 100 m%f sea surface were run only on
My and April bongo tow data since no |arvae of our target species were
found in August sanples, and larval densities were also cal cul ated for

neuston and Tucker traw s depl oyed.
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4.1.2 Timng of Hatch and Mlt Frequency

In 1983 the apparent timng of hatch for BKC |arvae occurred during
the last two weeks of April. This estimate was derived by examnation of
the weekly stage frequency distribution of larvae during May (Fig. 4.2).
Since stage nzoeae (Z 11) were already present they would have had to
hatchout three weeks earlier, approximately April 19-24,

In 1984, BKC |arvae hatched during a period of very cold water. BKC
stage | zoeae (z1) first appeared on April 18th in the md-island area
(Stratum5), south of the 0°C bottom tenperature isobath (see Fig. 4*5).
VWater around St. Paul Island that month was very cold, typically -0.5°C to
-1.0°c and ice packs on the north and east side were commn (Appendix B.1).
Appearance of zl larvae in late April 1984 marked the earliest onset of BKC
hatchout Since Zl were the only stage found throughout the three week
cruise. Hatchout for the majority of the larval population around St. Paul
Island that year had not yet occurred as evidenced by high abundance of
ovigerous females (eyed eggs) around VMlrus Island off the east shore of
St. Ppaul where bottom water was about -1.0°C.

During the May 1983 cruise larval stages 71 to 23 BKC occurred in the
plankton. 21 larvae were collected at 63% of all stations, 22 at 68% and
23 at 27% of stations.

During May 1983, a year of higher spring tenperature [more normal ?) a
larval devel opment rate of 2.5 to 3.0 weeks per stage was estimated from
the data on BkC. Larvae were primarily 21 during the first week of
col lection (5/10 to 5/15), 1 and 22 during the second week (5/16 to 5/21),
and nostly 22 and 23 during the last week (5/22 to 5/26) (Fig. 4.2). The
percentage of z1 larvae between the first and second week dropped from 873
to 61% indicating that a large proportion had molted. By the third week,
5/22 to 5/26, only 10%of the larvae were zl indicating that once hatching
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comences, the majority of the 1arval popul ation emerges out over a three
week period.

In April 1984 only 21 BKC | arvae were col lected at 38%of 79 plankton
stations. Larvae found from april 18 until My 4 represented the very
begi nning of hatch and thus 22 zoeae woul d not even be expected until the
second week of May.

Body weights of BKC larvae are conpared to red king crab (RK) |arvae
in Figure 4.3.  Zoeae of Bkt are considerably larger at each of the first
three zoeal stages than RKC (“ able 4.1, Fig. 4.3). \hole body dry weights
ranged froma mean of 0.44 mg for 71 to 0.83 mg for Z3 (Table 4.1). O the
total body weight, the exoske eton is about 41%for 21 and 26% for Z2.

(Table 4.1).

4.1.3 Distribution and Abundance
BKC | arvae occurred at82% of 117 plankton stations sanpled in May.
The greatest densities of zoeae were found in the area southeast of St.
Paul Island corresponding to Stratum 3 (Str 3) and the northern edge of Str
5 (Fig. 4.4), although larvae were widely distributed throughout the whole
sanple area. Larvae were present at 73% of plankton stations in Str 1, 75%
of Str 2, 100% of Str 3, 94%of Str 4,76% of Str 5, and 67%of Str 6, and
general ly in highest abundance at stations located in depths between 40-70 m
Al'though the frequency of occurrence was high in nost strata around
the islands, relative density was quite different. Density as number
| arvae/ 100 m was hi ghest around st.Paul Island at about 2300 to 4300
“larvae/ 100 m2, averaged within strazta (Fig. 4.5). Around St. George Island
the mean density was only 450/100 m, although + ISD was often about 100%
of the mean in nost strata (Fig. 4.5), which points out high station-to-

station variability. The very restricted distribution of BKC larvae around
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Table 4.1 Larval blue king crab dry weight analysis, My 1983. Mean

values reported in mlligrams (mean :+ 1 SD).

Stage | Stage Il Stage 111
\Whol e Body
Dry weight 443 +.039 .533 + . 104 .829 + . 156
n 10 n=I | n =10
Ash free dry wt . 304 : . 036 . 378 + . 087 677 + . 141
Ash wei ght 139 + . 039 .155 + . 041 152 + . 034
% ash 3.2 + 7.4 29.4 + 6.8 18.6 + 3.6
Exoskel et on
Dry weight 181 + . 049 146 * .054 ND
Ash wei ght . 121 +.040 .096 * .033 ND
% ash 65.8 + 7.3 66.3 + 5.4 ND
ND = no dat a.
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st.Paul island is evident in Figure 4.4 and also highlighted by reference to
Figure 2.1 that shows the extent of sanpling in My; many zoopl ankton
sanpl es taken just offshore west, north and east of St. Paul had few or no
zZoeae.

| n April 1984 the spatial pi cture of BKC larvae was very different
than in My 1983. Areas of even noderate density of larvae occurred only
between the two main islands near and primarily south of the O°C isotherm
toward St. George Island (Fig. 4.6). Mean dens"ities of Tarvae per stratum
were exceedingly low, virtually zezro around St. Paul and St. George
I'slands, and only about 750/ 100 m between the two (Fig. 4.7).

Vertical Distribution and Abundance: In May 1983 a diel study was

conducted at a single station with a neuston net to sanple surface water
and a Tucker traw to sanple two discrete depths, 25 mand 50 m No BKC
| arvae were ever taken in the surface tows with the neuston net (Fig. 4.8).
Larvae were fairly equally distributed within the 25 mand 50 mintervals
except during the highest [ight period at 1400 when they were all
aggregated at 50 mdepth. Water tenperatures of between 2.3°C at the
surface to 2.1°c on the bottom indicated an al most isothermal tenperature
profile. Bongo tows that acconpanied each time series showed a variation
In larval density by more than a factor of ten froma |ow of 240

| arvae/ 1000 3m at evening (20:00) to 3,400 Tarvae/1000 m3at nor ni ng

(' 0800).

In April 1984 another diel study was undertaken at a single station in
the area of relatively high abundance shown in Figure 4.6. The neuston net
was not depl oyed since no B¢ |arvae had been taken in the neuston | ayer
the previous year. Instead, Tucker traws were fished at intervals of 60-
41 m 40-21 m and 20-0 m During ail periods, |arvae were most preval ent
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in the 4160 mdepth interval at densities 2 to 4 X greater than at
shal [ ower intervals (Fig. 4.9), and there was no indication of a diel
vertical magration as suggested by data from the previous My.

The limted data taken over 24hr at a fixed station suggests the
possibility of diel vertical mgration by zoeae, but is far from conclusive.
The broad depth intervals of 25 mbetween fixed-depth Tucker trawls in May
1983, left too nuch depth unsanpl ed where |arvae mght have aggregated. The
strongest conclusion drawn from the data is that larvae move to depth during
daylight hours and redistribute higher in the water colum when light is
reduced. The lack of zoeal stages in the neuston i S probably consistent with
behavior and location of this stage (Arnstrong et al. 1986), but abundance in

the depth interval from1 to 24 mcould be high in reduced Iight.

4.2 Sanpling Approach to Quantification of Juveniles and Adults

As a prelude to presentation of results concerning distribution and
abundance of both juvenile and adult stages of BKC and KHC (Korean hair
crab), some discussion of methodology is necessary. The general survey
design was presented in Section 2.1 and the reader is referred to figures
that show location of sanple stations (Figs. 2.1, 2.2 and 2.4). Substrate
conposition of maps of major sedinent types were discussed and presented in
Section 2.2, and the occurrence of this material becomes an inportant point
in discussion of results of juvenile distribution both for Bk and KC.
Comunity structure was presented in Section 3.0 and the relationship of
juvenile and adult stages to the Sea Urchin Comunity and Tanner Crab

Communi ty, respectively, were given in Sections 3.6 and 3.7.

4.2.1 Conparison of Sanpling Gear
A general discussion of epibenthic sanpling gear was given in Section
3.1, the beamtraw and rock dredge are shown in Figures 3.1 and 3.2. As

125



DEPTH INTERVAL (METERS)

0-20
20-40
40-60

0-20’
20-40
40-60

0-20
20 -4
40-60

LARVAE /1000m>

4000 6000 8000

N

& ol

Figure 4.9 paralithodes platypus larvae, April 1984, nunmber of zoeae/1,000 nf,
diel vertical distribution, Tucker traws only.

126




previously noted, these two pieces of gear were used in conjunction with SSS
traces to direct sanpling effort with the R and BT. A conparison of the
percent of adult males, females and juvenile stages of Bk and KHC caught by
each gear is given in Table 4.2. In My 1983 a trynet was used for part of
the cruise until an adequate beam traw was devel oped. The beamtraw was
the favored piece of gear because resultant catches (No/ha) were always
higher than with the trynet. Adults of both BKC and kit were caught by the
BT and virtually none were taken with the RD. Juvenile stages of both
species were taken primarily with the RD, but a significant fraction were
taken with the BT as well (Table 4.2). A further conparison of the
effectiveness of each net for capture of juvenile stages of both Bk and KHC
was conducted as a paired test at 12 stations in August 1983. Mean juvenile
density of BKC was significantly greater with the rock dredge (1912/ha) than
with the beamtraw (35/ha). Simlarly, the mean catch of KHC was 432/ ha
with the RD and 52/ha with the BT (Table 4.3).

4.2.2 Estimtion of Population Abundance

Strata: As discussed in Section 4.1 for larvae, stations throughout
the survey area were grouped in order to gain a sense of difference in
spatial extent and relative abundance of juvenile and adult popul ations.
Prograns available at Ms provided a calculation of total abundance along
with estimites of variance and 95% confidence intervals based on groupings
of stations into strata. Several strata configurations were utilized
during this program that reflected differences in the ecology of the two
maj or henthic life history stages (juveniles and adults).

Large and small geographic strata: As shown in Figure 4.1, large

geographic strata numbered 1 through 6 were established to enconpass the

entire survey area and reflected the more extensive distribution of adults
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Table 4.2 Gear selectivity as measured by percentage of crab caught by each
gear for beamtraw s (BT), try nets (Try), and rock dredges {(Ro).

Percentage by gear

Speci es Total no.
and group caught Mont h BT Try RD

Blue king crab

Adult el es 12 May 33.0 67.0 0
0 Aug 0 -- 0
30 fo 1 100.0 - - 0
Adult femal es 84 May 64. 2 30.9 4.9
30 Aug 100.0 - 0
119 Apr 100.0 - - 0
Juveni | es 574 May 12.4 1.0 86. 6
2,060 Aug 6.0 - - 93.7
633 Ao 35.0 -- 65.0
Korean hair crah
Adult males 62 May 58.0 42.0 0
75 Au g 90.7 9.3 0
67 Apr 96. 0 0 4.0
Adult females 48 May 93.8 6.2 0
18 Aug 100.0 0 0
16 Apr 100.0 0 0
Juveni | es 148 May 73.0 7.4 19.6
3,653 Aug 5.5 0 94.5
840 Apr 11.0 0 89.0
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Table 4.3 Rock dredge vs. beamtraw paired at 12 stations: density
(no./ha) of blue king crab juveniles (Y0Y to 3+yr) and Korean
hair crab. Catch results were significantly different at the
95% confidence |evel as analyzed by a paired t-test.

Bl ue king crab Korean hair crab

Rock dredge Beam traw Rock dredge Beam traw
3,227.0 16.3 230.5 8.1
5,645.1 122.3 573.9 0.0
272.3 43.7 474.7 6.9
191.3 0.0 191.7 7.9
128.6 0.0 1,050.9 14.3
4,034.9 48.5 372.5 75.4
46. 1 0.0 114.2 0.0
4,611.5 102.3 0.0 36.8
1,951.8 14.3 1,576. 4 410.0
456.9 0.0 0.0 45. 6
2,388.6 57.4 597.2 6.4
0.0 13.5 0.0 13.5
Mean 1,912, 9* 34.9 431, 8** 52.1

* Rock dredge > Beamtraw, P
** Rock dredge > Beamtraw, P
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and juveniles. smaller geographic strata nunbered 11 through 61 (Table
4.1) more closely approximted the distribution of juvenile stages.
Information about each of these strata is given in Table 4.4 and includes
the total area and the number of RD and BT stations collected during each
cruise as well as general comments and locations. The difference in
relative size hetween these two strata configurations is also depicted En
Table 4.4 where the six larger strata covers conbined area of 3,446 NM or
11, 820 km2 (1 NM= 3.43 kmz).

Depth strata: Another approach to grouping stations was based on

depth intervals which seemto reflect relative density of juvenile and
adult crabs. Depth strata around St. Paul Island were 15 mto 40 m and
41 mto 60 m and for St. George Island were 15 mto 60 mand »0 mto a
maxi num of 80 m (Fig. 4.10; Table 4.4). Depth strata were used 'primarily
to calculate population size of juveniles rather than adults

Sedinent strata: In order to further refine estimates of juvenile BKC

and KHC abundance based on type and extent of habitat, stations from al}
three cruises were also grouped according to sedinment type as discussed in
Section 2.2. As for all strata configurations, areas of sedinment in severa
categories were calculated with a conputerized digitizer at NVFS based on
maps of : ediment diSstribution given in Figures 2.9 through 2.13 for shell and
sediment categories of rock, gravel, cobble and sand. A summary of strata
informat on based on sedinment that includes area traw stations and genera
| ocation and other coments iS given in Table 4.5

O the three categories of strata configured for population estimates,
this last one based on sedinent type was considered nost accurate for
juvenile stages. A summary of the nunber of positive stations (stations at
which crab were caught) per total number of stations taken during each
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Table 4.4 Strata information used to calcul ate abundance of blue king and Korean hair crab around
the Pribilof Islands. Included are the nunber of rock dredge (RD) and beam traw (B7)
stations by cruise that occurred in various strata (strata shown in Figs. 2.7 and 2.8).

Total stations

ﬁﬂﬁ%@?m N M —y——ﬁS 8§T ’é—ggigBT AR ®F  Location and comments

1 480 6 5 28 6 9 NS  NWSt. Paul. These strata are large and include
areas inhabited by both adult and juvenile stages.

2 449 5 6 23 18 11 17 NE St. Paul.

3 499 1 24 5 12 5 23 SE St. Paul. Extended east to include area of
juvenile and adult abundance in April 1984,

4 232 5 8 17 7 12 3 SWSt. Paul.

5 978 2 23 1 17 2 20 Basin area between St. Paul and St. George islands.

6 808 6 _11 24 11 27 16  Aea around all of St. George.

Tot al 3,446 25 87 98 76 66 79

11 145 6 2 27 5 9 NS NWSt. Paul, subarea of Stratum 1.

21 147 5 2 23 17 11 11 NE St. Paul, subarea of Stratum 2.

31 120 1 14 4 6 5 15 SE St. Paul, subarea of Stratum 3.

41 118 5 8 17 7 12 3 SWSt. Paul, subarea of Stratum 4.

61 280 5 8 19 10 24 13 Subarea of St. CGeorge Stratum 6.

Tot al 810 25 34 90 45 61 42

SP15-40 83 9 6 29 8 16 4 St. Paul, area between 15- and 40-m isobaths around
entire island.

SP40-60 445 5 24 37 28 13 19 St. Paul, area between 40- and 60-m isobaths.

SG15-60 79 3 2 16 2 13 3 St. Ceorge, area between 15- and 60-m isobaths,
bounded by Stratum 5 on the north.

SG>60 223 2_6_5 5 10 8 St. George, area hetween 60 mand about 80 m

Tot al 830 19 38 87 38 52 34
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Table 4.5 Sediment strata information used to cal culate abundance of blue king and Korean hair crab
around the Pribilof |slands.

Total stations

Stratum NM2 May 83 Aug 83 Apr 84 ,
nunber (ki) RD BT RD BT RD BT  Location and coments
102 260 1 3 NS 1 3 5 stCeorge sand, boundaries 169°55 to the west,
290 m contour to the east.
105 33 1 1 2 NS 1 NS St. George rock.
110 13 NS 4 1 1 1 2 St. George cobble.
114 67 4 3 18 5 20 5  St. George shellhash.
Subt ot al 343 6 11 21 7 25 12
(1,176)
115 976 2 19 1 16 2 22 Sandy basin area between St. Paul and St. Ceorge
(3’348) <90 m 57°00'N t O 56°40'N and 170°40'W to 169°20'W.
122 563 1 18 2 18 5 30 St. Paul sand, 170°15'W to 169°33'W and
57°00' N to 57°22'N,
123 200 2 6 7 6 2 2* St. Paul sand, 170°15'W to 170°40'W and
57°00'N t O 57°22'N.
125 70 5 1 25 3 10 NS  S. Paul rock.
128 23 1 1 9 5 2 1 St. Paul cobble.
135 8 8_3 29 11 18 7  St. Paul shellhash.
Subt ot al 904 17 29 73 43 37 40
(3,101)
Tot al 2,253 25 59 95 66 64 74
(7,728)
NS = Not sanpl ed.

* Sea ice restricted sanpling.



cruise with each gear type and in each stratum configuration is given in

Appendix C. 4

4.3 Juveniles
431 Si ze-at - Age G oupi ngs

Two general sizes of BKC were caught during these cruises, one that
ranged fromabout 2.8 m to 33 nm CL and the other that ranged from about
80 mnmto 174 mmCL. The relative proportions of small and large crab were
highly dependent on the type of gear used and also the bottom substrate
For instance, the BT used on both shellhash and sand around St. Paul Island
caught both small juveniles and adult crab (Figs. 4.11 and 4.12) whereas
the RD caught almost exclusively small juvenile crabs (Fig. 4.13).
Addi tional size frequency data on 8k is contained in Appendices C5 and
C.6. BKC are very small at settlement, averaging 28m CL as first
instars and 3.6, 4.6, 5.3 and 6.2 m CL at second through fifth instars
respectively. \eight increase hetween the first and fifth instars is
substantial, fromabout 2.5 to 20.0 ng ash free dry weight [Fig. 4.14).
Based on all available size frequency data from the three cruises,
tentative size-at-age ranges are established for the first four age classes
of juveniles as well as for subadults and adults (Table 4.6). If
met anorphosi s and settlement occurs by early August (based on high
abundance of first instars during md-August cruise 1983), then very little
growth occurs during the subsequent year since, by April 1984, juveniles in
the size range of 2.8 mmto 6.2 nmwere still conmon. Froma sense of
size-at-age, the proportion of crab caught by both the RD and BT were
separated according to age class and percent frequency is shown in Figure
4.15.  During each cruise a much higher proportion of the total juveniles

caught by the RD were younger age classes (smaller crab), mostly Ot and 1+
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Table 4.6 Tentative size-at-a%F categories for blue king crab
and Korean hair crab.

Speci es and .
age class Size
Bl ue king crab (Carapace length in m
0+ >2.8 - 6.5
14 >6.5 - 12.5
2+ >12.5 - 19.5
3+ >19.5 - 33.5
Subadul t >34.0 - 94.9 if fennle
or
>21.5 - 99.9 if mle
Adul t >95 | f female, >100 i f male
Korean hair crab (Carapace width in m
0+ 3-95
Juvenile >9.5 - 40
Adul t >40*

* All Korean hair crab greater than 20 mmcW were consi dered
adults, but males do not reach sexual maturity until they are
70 mmcW. Thus, ourestimates may overestimte the nunber of
mture males at this stage of analysis.
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whereas the BT caught predom nantly 1+ and 2+ age classes near St. Paul

| sl and.

4.3.2 Distribution and Density

The great majority of juvenile BKC occurred in three limited areas
around the pribilof Islands:  west/northwest and east of St. Paul Island,
and along @ relatively narrow ridge east of St. George Island (Fig. 4. 16;
Appendices C. 7 and.C.8). In My 1983, juvenile density ranged from 132 to
3975 crab/ha throughout the survey area but was generally less than 200
crab/ha (Appendix ¢.7). Mean density at St. Paul Island equalled 1247 (+
1657, 1 SD) conpared to 310 +85 crab/ha for the nore sparsely popul ated area
around St. George Island. These juveniles were predomnately from the 1982
year class (size 4-10 m; Fig. 4.13; Appendix C.S). BT values in My 1983
ranged from7 to 250 crab/ha with a mean of 28 (+ 19) crab/ha for the area
east of St. Paul and a mean of 13 (+ 6) crab/ha for the inter-island sandy
basin (Appendix C.7). These densities reflect fewer juvenile crab caught by
the BT conpared to the RD and |ower catches offshore in 60-80 m depths as
opposed to nearshore. These juveniles were predoninately 7 to 14 m CL crab
fromthe 1981 year class (Appendix C.5).

In August 1983 after settlement of the 1983 (O+) year class, large
nunbers of juveniles were caught with the RD a1l around and nearshore of
St. Paul Island and east of St. George Island between 40-60 m contours
(Fig. 4.16). Densities around St. Paul Island ranged fron87 to 16, 962
crab/ha with a nean of 1530 (+ 2977) crab/ha, and around St. George Island
from40 to 5580 crab/ha with a mean of 1630 (+ 2204) crab/ha. These hi gher
densities were represented by size modes around 4 to 5 mm CL (0+) and 8 to
11 mmcL (1#) (Fig. 4.13). August BTs (not pictured) ranged from5to 122
crab/ha with a mean of 41 crab/ha to the east of St. Paul Island and a mean
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of 13 crab/ha over the inter-island sandy plain.

april BKC juvenile density as determned by RD ranged from42 to 2053
crab/ha with a mean of 570 (+ 692) crab/ha at St. Paul island and a nean of
425 (+ 586) crab/ha for St. George Island (Appendix c.8). Catches by the st
ranged from 3 to 218 crab/ha with a mean of 49 (+ 57) crab/ha around St. Paul
Island and a mean of 32 (+ 34) crab/ha for the inter-island area (not
pictured). Only two tows at St. CGeorge Island caught juvenile BKC. These
April 1984 means were slightly higher than the mean juvenile density found
one year earlier in My 1983.

During all three cruises, the highest densities of juvenile BKC
consistently occurred on shellhash (SH I, intact or large pieces, Section
2.3). Table 4.7 conpares densities and shows a declining order from SH I,

gravel -cobble, rock, to sand; the sanme trend is also true of the BT,

4.3.3 Estimated Popul ation Abundance

As discussed in Section 4.2.2, several configurations of strata were
usea 10 group stations for popul ation estimtes (NVFS Burroughs, Bl OVASS
progranm).  For juvenile BKC (and KHC in Section 5.0) there is a great
possibility of drastically overestimating abundance by use of |argest
geographical Str 1 to 6 (Fig. 4.1), and ultimately the sedinent strata seem
most appropriate (the numbers of total stations and nunber at which crab
were caught are given in Appendix C.4).

A sense of the magnitude of difference in population estinmates using
data for the sane year and gear (RD or 8T) for various strata configurations
I's shown in Figure 4.17 for August 1983 (estimates for My 1983 and April
1984 are given in Appendices C.9, C10. For exanple, usingRD data around
St. George Island, juvenile Bk estimated abundance is 264, 105, 29.3 and
38.3 mllion for strata 6 and 61, sedinent and depth, respectively (Fig.
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Table 4.7 Substrate distribution of juvenile blue king crab on sedinents
at St. Paul Island, May 1983-April 1984. Sanple size &nun‘oer of
tows with crab/total number of tows) and nean density (crabs/ha)
+2 SD are given. Data for rock dredges. See Table 4.5 for
strata numbers and |ocations.

May 1983 August 1983 April 1984
Sedi ment  Type Sanpl e Sanpl e Sanpl e
(Stratum ure‘oer) simz)e Density simz)e Density simz)e Density
Sand (122 + 123) 0/3 o 1/ 10 15+ 47 U7 8+ 20
Rock (125) 0/5 o 8/25 100 + 345  2/10 21+ 54
G avel - Cobble (128) 0/1 O 6/9 654 :602 0/2 o
Shellhash (135) 5/8 780 + 1318 25/29 1815 : 3454 12/18 461 : 674

Table 4.8 Juvenile blue king crab population estimates in mllions of crab
for the sediment strata. See Table 4.5 for locations; Fig. 4.17
for conparative val ues.

Rock Dredge Beam Traw
My 83  Aug 83  Apr 84 My 83  Aug 83  Apr 84

St. Paul Island 14.7 43.5 10. 4 2.8 4.7 8.7
St. Ceorge Island 8.3 29.3 7.3 1,9 0.2 0.6

Subt ot al 23.0 72.8 1.7 4.7 4.9 5_3:
Inter-island area 33.1°  226.9* -- 1.7 2.2 6.8
Total 56.1  299.7 1.7 6.4 7.1 161

* CnIK one or two rock dredge sanples were taken in this area (Stratum 5)
each cruise, so estimates are tenuous (see Table 4.4 for no. of stations).
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Figure 4.17 Popul ation estimtes for Paralithodes platypus juveniles in
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of "crab x 106, are given for each gear; RD= rock dredge, BT =
beamtraw . Estimates for nearshore strata 11-41 and 61 can be
conpared to the island totals figured for both the sedinent and
depth strata.
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4.17). Some sense of the variation associated with these estimtes can be
had in Appendi ces .11 to .13, whi ch show that + 2 standard errors (SE) are
general ly 80%to 120% of the mean.

The nost reliable spatial bases for an estimate of abundance are the
sedi ment strata (Table 4.8). Juvenile population estimtes were always
higher for the RD than BT, and usually for the sediment strata at St. Paul
Island compared to St. George Island (Fig. 4.17; Table 4.8). In May 1983,
the combined RD total around both islands was 23 nillion (Table 4.8) plus
33.1 million fromthe inter-island area for a total of 56.1 mllion (a
simlar total estimate based on the depth strata for both islands is 108.6
mllion, Appendix C.l11). By August the estimates for St. Paul and St. Ceorge
I'sland increased about 3 X to43.5 and 29.3 m|lion (72.8) total,
respectively, while a 7 X increase between the islands brought the total to
about 300 mittion juveniles; nost newy settled Ot. Through the fall and
winter of 1983/84 the two-island estimate declined 4 X to about 17.7 million
crab (no md-island RD data was taken).

Juvenile population estinmates hased on 8T data did not follow the trend
of low spring-high sunmer abundance (Table 4.8). Values for My and August
1983 were 6.4 and 7.1 mllion, respectively, but increased to 16.1 mllion
in April 1984. This trend mght reflect greater vulnerability to the net

with increased size since juveniles in SH 1 were generally larger in April

(20 to 30 nm CL; Fig. 4.11).

4.4 Adults
4.4.1 Seasonal Distribution and Abundance

There was a marked seasonal change in the distribution and relative
density of BKC around the Pribilef Islands, notably, higher density

nearshore around St. Paul Island in spring and more dispersed offshore
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distribution and lower density in sumer. In May 1983 nost crab were
|ocated east of St. Paul Island beyond the 60 misobath and were
predominantly females (Fig. 4.18). Adult females were nost concentrated
in large geographic Strata 3and 5 (Figs. 4.1 and 4.18) and had a nean
density of 29 {+ 20) crab/ha. Adult males were rare in the study area
and were taken at only four of 70 BT stations at a nean density of 9 crab/ha
(Fig. 4.18). No adult crabs were taken anywhere around St. George |sland
By August, BKCS were nuch nore dispersed and farther offshore, mdway between
the islands, and were taken in only 14 of 66 BT tows in the sandy basin
between the two islands that corresponds togeographic Stratumb (Fig. 4.19).
Density was low at a nmean of 13 (+ 11) crab/ha and all were fenales

BKC had once again noved nearshore of St. Paul Island by April 1984
and, at this time, males were nore comon within the population (Fig.
4.20). The highest densities of crab occurred between the 40 mand 60 m
I sobath to the east of St. Paul Island around Vélrus Island. The mean
density of adult females was 24 (+ 33) crab/ha at 27 of 74 BT stations
Mal e density at 11 of 74 BT stations was 20 (+39) crab/ha (Fig. 4.20).
Many of the females in this area were old shelled and carried eyed eggs
about to hatch or were new shelled females that had just extruded an egg
mass (see Section 4.5). Aggregation of crab in this area inplies an
onshore novenment for the conbined purposes of egg hatch and mating. For
these purposes the habitat around St. Paul Island is apparently inportant
to this species since neither adult male or female BKC were ever found

around st. George Island during all three cruises (Figs. 4.18 to 4.20).

4.4.2 Estimated Popul ation Abundance
As noted with juveniles, several means of estimating abundance were

enpl oyed that give relatively consistent results in the case of adult crab.
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In general, results based on the six large geographi c strata (Fig. 4.1) are
considered the best estimator of adult abundance because of the wider
distribution of this stage. In My 1983the greatest abundance of adult BKC
around the pribilef Islands occurred in Stratum 3 to the southeast of St

Paul Isiand and in Stratumb5, the basin between the two islands (Fig. 4. 21;
simlar population estimates for August and April are given in Appendices
C*14 to C.17). In My 1983 the estimated total adult popul ation around the
Pribilof |slands was 10.3 mllion crab, 8.3 of which were female (Table 4.9).
By August the popul ation had declined about fourfold to about 2.4 mllion
crab, all of which were females, but by the following April 1984 the

popul ation had risen to 8.7 mllion crab, 6.8 mllion of which were females
(Table 4.9). As occurred the previous spring, the bulk of the female

popul ation in April was |ocated east of St. Paul Island in |arge geographic
Strata 2 and 3 (Appendix c.16).

It is interesting that the population of total sk around the pribilof
I'slands in 1983 estimated fromthe NS groundfish survey (Qito 1986) was
1222mllion. Since their total population is simlar to our "adult
popul ation” based on size frequency data, the two estimates can be taken to
enconpass the same size range of crab. NVFS surveys are typically run from
June to August in the Pribitof Sstations and nost likely taken in early to md
July.  Qur My 1983 estimate of total crab was 10.3 nillion, very close to
that of NVFS in the sane year.

In 1984 the NVFS estimate for total popul ation abundance was only 4.8
mllion, about half of our #pril value of 8.7 mllion (Table 4.9). Qur
survey in md spring nearshore of St. Paul may have resulted in a higher
estimite because of more aggregation, whereas the NVFS survey in summer cones

after crab have dispersed.

151



(441

Table 4.9 Adult blue king crab population estimtes from geographical strata, 1983-84, by sex as taken
by beamtraws. Values are expressed in mllions of crab.

May 1983 August 1983 April 1984

Tot al Adul t Adu 1t Tot al Adul t Adul t Tot al Adul t Adu 1t
Strata Adults Femal e Mal e Adul ts Femal e Mal e Adults Femal e Mal e
1 1.6 1.2 0.4 0 0 0 NS NS NS
2 2.8 1.6 1.2 0 0 0 6.2 4.7 1.5
3 3.5 3.3 0.2 0.3 0.3 0 0.8 0.6 0.2
4 0.2 0 0.2 0 0 0 0 0 0
SP subt ot al 8.1 6.1 -2.0 0.3 0.3 0 7.0 53 1.7
5 2.2 2.2 0 1.8 1.8 0 1.6 1.5 0.1
S6 subtotal 6 0 0 0 0 0 0 0.1 0 0.1
Tot al 10.3 8.3. 2.0 2.4 2.4 0 8.7 6.8 1.9
11 0 0 0 0 0 0 NS NS NS
21 0 0 0 0 0 0 2.1 1.3 0.8
31 0.5 0.4 0.1 trace trace 0 0.2 0.1 0.1
41 0.1 0 0.1 0 0 0 0 0 0
SP subtotal 0.6 0.4 0.2 0.05 0.05 0 2.3 1.4 0.9
s6 subtotal 61 0 0 0 0 0 0 0.05 0 0.05
Tot al 0.6 0.4 0.2 0.05 0.05 0 2.3 1.4 0.9
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Figure 4.21 Popul ation estimates for Paralithodes pl atypus adults by sex and
strata for beamtraw data im Vay 1983 ESTimates are expressed
as mllions of crab.
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Table 4.10 Summary

of nean carapace |engths
king crab near the Pribilof |slands,

(CL& and gonosomatic i ndi ces (6SI) for female blue
1983- 84.

, Nunber Nunber
Crui se Egg category Shell  caught  dissected % x CL (SD x GSI (SD)
My 1983  New eggs 1-2 12 11 14 122.9 (9.0) 1.5 (0.7)
Eyed eggs; not premolt 3 3 3 4 115.3 (2.5) 5.7 (3.1)
Enpty egg cases; not
nEre¥no1gtg 3 51 8 61 1185 (9.7) 6.3 (2.1)
Enpty egg cases--trace 4 13 8 15 122.0 (8.9) 2.5 (1.4)
Enpty egg cases; premolt 3 l 1 1102 14.8
No eggs or cases 2 4 4 5 90.5 (9.9) 3.4(2.0)
Aug 1983  Eggs 2 5 5 17 126.0 (16.3) 5*9 (1.0
Enpty egg cases 3-4 25 17 83 120.5 (10.0) 11.9 (3.6)
Apr 1983  New eggs 1-2 57 9 46 117.8 (10.2) 2.3 (0.7)
Eyed eggs; not premolt 3 44 11 36 124.5 (9.7) 7.5 (1.8)
Eyed eggs; premolt 3 9 6 7 1119 (10.7) 22.1 (5.5
Enpty egg cases; not
npp¥ermgfqt 3 1 0 1 132
No eggs or cases 2-3 13 3 10 103.3 (13.5) 7.2 (5.1)




4.5 Reproduction

4.5.1 Materials and Methods

Al adult BKC and KHC in the samples were Measured for carapace |ength
(carapace width for kHc), weight and shell condition (SC) in accord with
standard NVFS categories as follows: 1=soft shell; 2=new shell; 3=old shell;
4=very ol d shell (possibly skip mit). To determne molt condition in
speci mens not sacrified for reproductive analyses, the dactyl of a walking
leg was broken and the presence or absence of an underlying new exoskel eton
noted. Egg condition and clutch size were recorded for ovigerous Speci mens
and a small portion of eggs was fixed in Bouin's solution and |ater
transferred to 70% ethanol. Non-ovigerous femal es were checked for enpty egg
cases and, in the case of KHC gonapore plugs. Female BKC greater than 90 m
CL were dissected aboard ship and a small piece of ovary was also fixed in
Bouin's sol ution, transferred to 70% ethanol and |ater enbedded in paraffin,
sectioned at 8 urn, and stained W th Weigert's hematoxylin and eosin Y.  The
remaining eggs of each female were stripped fromthe pleopods, and the eggs,
ovary and body were dried separately to constant weight at 50°; sanples of
each were then ashed at 550°C for 24 hours.

Enbryonic stage and rate of devel opnent were determined from preserved
egg sanples examned under a dissecting scope and conpared to devel opnental
stages illustrated for RKC in Marukawa (1933). Ova dianeters were
measured using an ocular mcrometer on a conpound mcroscope at 100X
magni fication; only the largest and roundest ova were measured and the
average diameter calculated. An ash-free gonosomatic i ndex (ovary weight
as a percentage of the total body weight), was calculated by dividing the
ash-free ovary wei ght by the total ash-free body weight and multiplying by
100 (simlar to Somerton and Macintosh 1985, who used wet weight). Al

references to gonosomatic indices (gs1) Will refer to this ash-free index.
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Simlarly, for femles carrying newy extruded egg masses, an egg index
(El) was calculatedly dividing the ash-free egg weight by the ash-free

wei ght of the remaining body.

4.5.2 gametogenesis and Enbryonic Devel opnent

Mav 1983: Froma total of 84 female BKC caught.. 35 were dissected for
study (Table 4.10). Only 15 ovigerous Speci mens were captured, 12 with
new y extruded eggs and clean, new shells, and three with eyed eggs which
were in the process of hatching (caught the second day of the My survey,
5/11/83). The majority (62% of non-ovigerous adult females had old shells
(SC 3)and carried large clutches of 'enpty egg cases from the hatch that
spring, while some females (15% had extrenely old shells (SC 4) and
carried only traces of egg cases from the previous year.

Ovigerous females carrying newy extruded eggs had very thin, white
ovaries with a nean csiof only 1.5% histological examnation revealed
only immture and fragmented, degenerating ova (Fig. 4.22). Specimens
carrying eyed eggs had smail pink ovaries with an average GSI of 5.7% and
devel oping ova contained some yolk and averaged 388 urn (Fig. 4.23). The
remaining females with old shells (s¢ 3) and enpty egg cases averaged
6.3%while a single specimen in pre-mlt condition had a csiof 14.8% and
ova dianeters greater than 800 urn (Fig. 4.24).

Exam nation of eggs from new shel|l females revealed several early
stages of enbryonic devel opment, from invagination to the appearance of two
cephalic lobes (Figs. 4.25 and 4.26). Eyed eggs were fully devel oped and some
were in the process of hatching.

August 1983:  Only 30 adult female BKC were captured on the August
cruise, and these had dispersed somewhat farther offshore of the islands

than in May. O these, all five ovigerous Speci nens and 17 others with
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Figure 4.22 Section of ovary froma female blue king crab taken in My 1983
andcarrying a newy extruded egg mass. Only immture and
degenerating ova and connective tissue remain. DO degenerating
ova; 10, immature ova; Y, yolKk.
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Figure 4.23 Section of developing ovary from female blue king crab caught in
May 1983and carrying eyed eggs. 10 immture ova; Y, yolk.
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0.25mn

Figure 4.25 Eg% froma new shel | female blue king crab taken in My 1983,
showing initial invagination. | NV, invagination.

Figure 4.26 Egg froma new shell female blue king crab taken in My 1983,

with cephalic lobes beginning to appear. (L, cephalic |obes:;
INV, invagination.
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empty eggs cases were dissected (Table 4.10). Those with eggs had spawned
that spring and had clean, fairly new shells in category SC 2, and the
remaining specimens were all S¢ 3 or SC 4 and carried enpty egg cases.

The GSI for the 5 ovigerous Speci mens averaged 5.9% conpared to 11.9%
for the non-ovigerous females (Fig. 4.24). Ova dianmeters of non-ovigerous
August specimens averaged 682 urn while the mean of the ovigerous fenal es
was 487 um. Ovaries from both types contained fairly large, developing ova
with yolk and immture ova that apparently were not developing (Figs. 4.27
and 4.28). As in My, the extent of egg devel opment varied slightly,
ranging fromenbryos with well devel oped cephalic lobes and antennae (Fig.
4,29) to large enbryos with a fully devel oped telson (Fig. 4.30).

Aoril 1984: In early spring, 124 female crabs were caught ranging in
size from78 to 145 mm CL, and 29speci mens were dissected (Table 4.10).

OF 110 ovigerous Speci mens {caught primarily east of St. Pau ), 46% had new
shells (SC 1,2") and newy extruded egg masses and 43%were o' d shell (SC 3,
mol ted previous spring 1983) and carried eyed eggs; only one had empty egg
cases. Examnation of females carrying eyed eggs revealed two distinct
groups:  one conposed of specimens with small ovaries and a second
characterized by large, well-developed ovaries (Fig. 4.24). Those with
small ovaries tended to be large (X = 124.5 m CL) with a nean GSI of 7.5%
and an average ova dianeter of 486 um (Table 4.10). The second group was
characterized by having large ovaries with a mean 61 of 22.1% and an
average ova dianeter of 766 urn; these were in premoit condition as
evidenced by a new dactyl when the ol d one was broken off. This group
conprised only 7% of the females caught, and averagea only 111.9 mm CL.

Eggs from new shell females were in the morula Stage (Marukawa 1933)

or earlier, while the eyed eggs were usually in the process of hatching.
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Figure 4.27 Section froma devel oping female blue king crab ovary show ng

large, well
ova.

Figure 4.28 Exanple of a large,
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Figure 4.29 Egg froma female blue king crab caught in August 1983, shown
! grgr]bryolll/vith prom nent eyes("? al ks and gantennae.g sAt'\“_ll ant nde. S
eyest al k.

Figure 4.30 Egg froma female blue king crab taken_pn August 1983; large
) egngoryo with a well-devel oped telson. Eé, eygSta”lc %‘ telson;
MXP, maxilliped.
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4.5.3 Discussion

H stol ogi cal exmaination of ovarian tissues reveal ed at least two
tenporal |y distinct stages of reproductive growh for each sanpling period.
In an annual |y reproducing popul ation conposed of individuals which spawn
biennially, these radically different conditions wwuld be expected since
al | individual's will not breed in the same year

VWile direct examnation of the ovary and cal culation of the &SI would
appear to provide the most reliable assessment of an individual’s
reproductive condition, these nust be used in conjunction with shell
condition and egg devel opnent to accurately determine where an animal is in
the reproductive cycle. A sinplistic exanple would be an individual wth
an extrenely small ovary. Depending on shell condition, size, and the
presence or absence of eggs, it could fall into one of several categories:
an inmature specinmen, one that has just extruded eggs, or possibly a
senescent individual. Qur sanple of 238 female crabs spanning two
consecutive years allows all of these factors to be correlated wth
plankton data to provide the following scenario for BKC reproduction.

Femal e BkC molt, mate, and extrude a clutch of eggs in late March
through md-April. Following extrusion, the spent ovary consists primrily
of connective tissue, accessory cells, immture ova and degenerating ova
and conprises less than 3%of their total ash-free body weight. Inmmture
ova appear to remain intact, probably to develop in the subsequent year,
while those that underwent vitellogenesis but did not attain full size
appear to degenerate and are reabsorbed.

By late sunmer of the sane year, ovaries of these ovigerous fenmal es
have grown to 6% of the body weight (es1) and are brown or pink in color;
individual ova average nearly 500 urn in diameter and contain yolk. The

eggs carried externally already contain well-devel oped enbryos that possess
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eyestal ks and even a telson.

By April of the follow ng year, eggs are eyed and hatching and ovarian
growh has increased the GsI to 7.5%  These animals have now reached the
sanme stage in the reproductive cycle as those with eyed eggs or enpty cases
caught the previous May. Following through again to August, females now
have very ol d shells (about 16 months since last molt), empty egg cases,
and large, purple ovaries. Ova are full of yolk and average 700 urn in
diameter, and the GSI is about 12% Finally, females caught in the spring
in premolt condition with large ovaries round out the cycle. The 6SI
averages over 20% and ova are greater than 800 urn in dianmeter, approaching
the cross sectional width of external eggs reported to be about 1000 urn by
Sasakawa (1975b) and Somerton and Macintosh (1985).

According to our data the 19 month embryonic period proposed by
Sasakawa (1975a) is not accurate for pribilof Island BKC, as noted by
Somerton and Macintosh (1985). Under the 19 nonth hypothesis, eggs are
extruded in Novenber and hatch in My of the second spring. At the
Pribilofs, a1l femal es caught with uneyed eggs in the spring of 1983 and
1984 had new, clean shells, and carried either newy extruded eggs or those
in the process of hatching. In Sasakawa's scheme, eggs extruded in
Novenmber would contain enbryos that are at least nmoderately differentiated
six nonths later in April, but no evidence whatever was found for a
“mdpoint” spring enbryo in our sanples. Nor is there evidence in our data
for a 14 to 15 nonth enmbryonic period as proposed by Somerton and Macintosh
(1985) in which eggs extruded the previous February through April hatch
within the population primarily in My and June, and the event is conplete
by duly. Qur data show that in both 1983 and 1984 eggs were extruded
primarily in April based on shell condition (often soft, always thin, clean
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and Spines very sharp), and very little differentiation of enbryos (a few
cel lular divisions, no gastrula). Larvae also hatch in April as evidenced
in both years by ozur zoopl ankton col I ections. In 1984, larval densities of
2000t 0 4000/ 100 m were estimated and all were Z1 zoea between %prﬂ 12 to
30,1 n early My 1983, nost larvae (densities 2000 to 8000/100 m) were Z1
but the popul ation was molting to Z2. Arnstrong et al. (1985) estimated
the duration of zoeal stages for BKC to be about 2.5 to 3.0 weeks. Thus,
the May 1983 Zl zoeal popul ation was probably hatched in md-April.

Further evidence that BKC larvae hatch around the pribilof Islands in April
or earlier (rather than May and June into Julyis provided by Armstrong et
al. (1983) who found a mxture of Zl and z2zoeae in My, 1976 zoopl ankton
sanples, Z4 zoeae in June 1978, and high densities of only megalopae in
July 1982. Thus, we interpret these data to indicate that enbryonic

devel opment for BKC (egg extrusion to hatch) is 11 to 12 nonths, exactly in
accord with enbryonic devel opment of RKC (marukawa 1933; \Ml | ace et al.
1949). This difference in interpretation of enbryonic devel opment to be
less than or greater than 12 months is an inportant distinction in analysis
of causes for a biennial reproductive cycle.

The rate of egg devel opnent from May to August 1983 corresponds to
that described by Marukawa (1933) for RKC and this, coupled with larval
data, indicates again that the embryonic period for BKC is simlar to that
for red: eggs are probably extruded fromlate March to May and hatch the
fol lowing spring in April. Under this model, the anonmaly noted by Semerton
and Macintosh (1985) that annual |y spawning fenal es manage to hatch their
eggs in only twelve nonths while biennially reproducing animals take 14-15
months is resolved. The tining of reproductive events and their
relationship to ovarian devel opnent over a two year period are summarized
inFig 431
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The pattern of a biennial reproductive cycle is not consistent
throughout the female population. Based on ovarian condition and readiness
to molt, only one old shell female collected in May of 1983 showed signs of
reproducing for two consecutive years. Mst females between 100115 nm CL
had enpty egg cases and were not ready to nolt or extrude eggs. In April
1984, nost smal| females (100-115 nm CL) carried newly extruded egg masses,
SO it was inpossible to determne if any had reproduced the previous year
because all evidence of prior spawning would be lost with their recent
molt* However, of those small specimens carrying eyed eggs or enpty egg
cases, five out of six had large ovaries and were in premlt condition.

The mean CL of annual spawners was 111.9 m and significantly smaller
conpared to a mean of 124.9 mmfor those with eyed eggs and undevel oped
ovaries (p<0.001, Student t-test). This is somewhat consistent with the
findings of Qtto et al. (1979) who reported that BKC in the size range
101-110 mm CL reproduced annual |y and that biennial reproduction started with
femles 111-115 mm (however, larger sanples are neeaed to determne if
annual spawning is the rule for small females). Prior to egg extrusion the
ovary is extrenely large and purple in color, and the posterior |obes of
the ovary are readily visible on the inside of the abdomen. This means of
examnation is useful in determning whether a female is close to spawning,
and obviates the need to sacrifice the animal for an ovarian exam nation.

As reported by Somerton and Macintosh (1985), some females appear to
be reproductively inactive for periods of at least two years. This means
that an individual female shows no sign of either carrying and hatching
eggs within the year or developing a mature ovary prior to the spring nolt.
In our May 1983 sanpling, nearly 15% of the adult females caught appeared

to fit this category;only one was found in 1984. A though a few were
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large individuals (>130 mm CL) that may have heen senescent, most ranged in
size from 115 to 125 m. These animals were characterized by having old
worn shells and small white ovaries; ‘remmins of enpty egg cases or
filaments on the pleopods indicated that they had reproduced at |east once.
There was no evidence of rhizocephalan parasites or other apparent visible
causes for this condition. It is tenpting to speculate that there is a
correlation between the |ow nunber of females with new eggs in My 1983 and
a relatively high frequency of non-reproductive females observed at the
same time. Causes of a non-reproductive state are not known but, apart
from pathol ogi cal perturbations (e.g., Hawkes et al. 1986), the condition
inplies some form of energetic stress in which less food than usual is
acquired so that energy appropriations to somatic and gonadal growth are
reduced. In this sense, it is interesting to note a significant difference
was found in the mean egg indices of females carrying new eggs in My 1983
and April 1984 which averaged 24.9% (s.D.=3.1) and 31. 6% (S.D.=4.2},
respectively (Student t-test, p<0.001). An especially poor year in terns
of food abundance or other variables in 1982 could conceivably account for
poor growth, |ower nean egg production and a high preval ence of non-
reproductive females.

It is apparent that biennial reproduction in [arge femle BKC is due
to an inability to produce a fully devel oped ovary in one year. Wy they
are unable to do this while smaller individuals and the closely related RKC
can is not clear. In general, the two species have allopatric
distributions (Qtto 1981), so environmental differences or a disparity in
food resources could be inportant factors. BKC are found in areas of
cotder Water than RKC (Slizkin 1971), which could contribute to slower
overall growth. However, large ovigerous RKC (X = 149 mmcL) fromthe
Pribitofs in April 1984 had well-devel oped ovaries and were in a premolt
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condition; thus, reduced growth due to cold tenperatures seems an unlikely
expl anation unless these animals had inmmgrated from other areas.

It has been noted that many biennially reproducing species have
addi tional energy expenditures, such as breeding mgrations or egg
brooding, which may make irregular or biennial reproduction advantageous
(Bull and Shine 1979). Although females appear to congregate near the
islanas t0 spawn (see Section 4.4), these movements are not any greater
than those reported for RKC (Fukuhara 1985). Sonmerton and Macintosh (1985)
suggested that nolting is the added energy expenditure associated with
reproduction, however, nolting is inextricably linked with mating in many
annual |y reproducing decapods, including Rkc.

The inability of large female BKC to produce a full ovary in one year,
while many small fenmales are able to reproduce annually, may be due to the
added demands of producing a proportionately larger ovary while needing to
produce a greater amount of somatic tissue for nmolting. If BKC live in
areas with less or poorer quality food resources, or if feeding activity is
reduced by colder water tenperatures or a shorter grow ng season, it may be
energetically infeasible to conplete both sufficient ovarian and somatic

growth for annual nolting and egg extrusion.

4.6 GCeneral Discussion
The insular distribution of adult BKC shown by the annual NVFS

groundfish surveys was reinforced in the present investigation of nearshore
species ecology. Mich nore so than adults, juvenile stages of BKC are
restricted to nearshore areas around the Pribilof Islands and the bulk of
the population can be found within 10-15 kmof St. Paul Island and east of

St. George Island. The high degree of association between juvenile BKC and
shellhash was unexpected, and yet may provide an inportant explanation of
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the limt of species distribution and range. The habitat needs of
juveniles of several species of commercial decapods have been investigated,
usual Iy within the context of estuarine nursery areas. Stevens and
Armstrong (1984) found that juveniles of Dungeness crab (Cancer magister)
were much more abundant i n eelgrass beds of coastal estuaries than on open

intertidal flats or in subtidal channels that did not provide some form of

epibenthic cover. In a more recent study, Armstrong and Gunderson (1985)
found that young-of-the-year juvenile Dungeness crab were critically
dependent on shellhash, principally that of oyster and Mya arenaria; this
the only other reported instance of a close association between juvenile
crab and shellhash of which we are aware. Juvenile penaeid shrinp in
estuaries along the Gulf states are nost commonly found in vegetated areas
wher e Spartina provides cover and habitat. Zinmerman et al. (1984)
reported densities of shrinp an order of magnitude greater in vegetated
areas within a Galveston salt marsh than found over open nud and sand
flats. In estuaries of North Carolina (Winstein 1979) and in Chesapeake
Bay (Heck and Thoman 1984) marshes and eelgrass (Zostera marina)_support
nmuch higher densities and biomass of juvenile stages of blue crab (Callinectes
sapidus) and penaeid shrimp than occur in open unprotected areas.
Relatively little work has been done on habitat requirenents of
juvenile stages of coastal commercial decapods with the exception of
several species of lobster. Pottle and Elner (1982) denonstrated a

distinct preference of juvenile Homarus americanus for gravel when given

that as a choice along with silt-clay. Juveniles were able to excavate
burrows in gravel which they occupy during daylight to avoid predators.
Howard (1980) hypothesized that the size conposition of |obster populations

(Homarus gammarus) al ong the English coast is controlled by substrate size
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and composition as Wel | as by nearbed current speeds which, if too fast,
augment juveniles® need for rocky outcrop areas (Howard and Nunny 1983).
Only very limted work has been done specifically on the distribution
and habitat requirenments of young stages of juvenile BKC and RKC in the
SEBS and Gulf of Alaska. Sundberg and Clausen (1979) docunented a hi gher
incidence of juvenile RKC in rocky areas of |ower Cook Inlet than el sewhere
on nore open unprotected bottom Jewett and Powell (1981) described
general nearshore ecology and breeding biology of RKC around Kodiak Island
and described a simlar propensity of small Juveniles to occupy rocky
niches in that area as well. In the SEBS McMurray et al. (1984) presented
the results of a broad scale survey of juvenile RKC distribution from
Unimak 1sland through Bristol Bay, and reported a higher incidence of smll
juveniles (<28 mm CL) on substrates of gravel or cobble, usually in
association with biological mterial that provides a three dimensional

habitat. Such invertebrates as stal ked ascidians (Boltenia ovifera),

bryozoans and col oni al tube dwel|ing polychaetes were frequently associated
with small &k found inshore of the 50 misobath.

In the present study small O+ and sonmewhat ol der age classes of
juvenile BKC were consistently associated with a gravel to cobble
substrate, but nore so with various fornms of shelthash around both St.
George and St. Paul Islands. It is assumed that such shell material is the
principal form of refuge afforded newy metanorphosed and small sized
juvenile crab that are otherwise predated by a variety of other
invertebrates and fish. The strict association with shell may in part
explain the limts of species distribution, particularly in contrast to
that of the RKC.  Small juvenile RKC are from netanorphosis mich nore
spherical than are BKC and have an exceedingly spinose morphol ogy that,

presumably hel ps to decrease predation. Coupled with the physical
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attribute Of spines to inhibit predation is the well known behaviora
process of poading that is also’ viewed as an anti-predator conponent of
early life history (Powell and Nickerson 1965). In markea contrast,
juveniles of BkC are conpressed dorsoventrally and have virtually no
appreci abl e spinose pattern to the carapace. The low rather flat matrices
in stacked shel |, particularly of the several bivalves that dom nate
shel | hash around the pribitof |slands, probably serves as a very effective
habitat for small juvenile stages of this closely related (to RKC) but
anatomcal |y different species.

In general, the exceedingly thick cover of shellhash found around the
pribilof | sl ands may be peculiar to such insular habitats. Large
popul ations of bivalves that produce the shellhash were found around the
Islands, and current patterns in the vicinity may be such that enpty shel 1
Is retained in the area. Elsewnere in the SEBS, particularly along the
North Aleutian Shelf from unimk |sland to Kvichak Bay and west to Cape
Newenham we have never observed, despite nunmerous traws and rock dredges,
simlar aggregations of shellhash as seen at the pribilofs al t hough large
infaunal popul ations of certain bivalves exist in the area (MDonald et al.
1981). Blue king crab at St. Lawrence and St. Matthew islands are probably
al so dependent on shellhash during the small juvenile stage, although a study
of nearshore distribution of juvenile crab or shell substrate has not been
done. Wether BKC popul ations are isolated or exchange between the islands
Is also not known. Prevailing currents mght carry larvae fromthe Pribilof
|slands sonmewhat north toward St. Mtthew and St. Lawence, but transport
woul d not likely occur in the opposite direction. Long distance migration of
adult crab between these islands has also not been docunented and, in fact,

the annual NVFS groundfish survey shows virtually no occurrence of adults
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between islands (although movenent in seasons other than that of the survey
m ght occur).

The very restricted distribution of juvenile BKC around the Pribilef
Islands and apparent dependence of this early life history stage on
particul ar bpenthic material makes the overall life history of this species
somewhat precarious. Females are apparently situated nearshore at the tine
of egg hatch in the spring and larvae (based on our two cruises in My 1983
and April 1984) are certainly distributed in greatest density nearshore
around the islands or at least in the open water between them  However
given the extended larval period of this species, which is estimated to range
from about 3.5 to 4.0 nonths (Armstrong et al., unpublished data), and the
very limted benthic habitat to which they nust settle and netanorphose for
successful juvenile survival, it seens likely that this species may
experience year class failures in certain years

Summaries of current patterns in the sess, and particularly in the
vicinity of the pribilof Islands, show a general northwest direction and
slow speeds along the shelf break past the islands (Kinder and Schumacher
1981a; Schumacher and Reed 1983). on the local scale of the Pribilof
Islands there nust, however, be current patterns and eddies that normally
retain larvae nearshore to enhance settlement on the limted refuge
substrate found in the area. However, in certain years it seems quite
probabl e that anomolous events may cause transport of |arvae well beyond
the pribilof Islands which results in settlenment and netanorphosis of
megalopae ON substrates where survival is exceedingly low. [t is striking
that after several hundred benthic trawl s and rock dredges over a
relatively wide area around each of the islands, no juveniles between
approxi mately 30-85 mm CL were caught, a size range that probably

enconpasses several age classes.
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Uncertainties of annual recruitnment success, the strict dependence of
early life history stages on nearshore habitat around the pribilof |slands,
the unique reproductive biology of this species (biennial spawning of
femal es, Somerton and Macintosh 1985); and the uncertainties concerning
growth rate are all issues that should be considered and studied for better
management of the fishery. O further interest to us is the relationship
between juvenile BKC and their shell habitat, particularly population
dynam cs of the molluscan species themselves, their frequency of recruitment
and age at death, as well as age of shells before physical and biological
processes reduce themto sizes suitable as crab habitat. Inportance of
gastropod shell to benthic comunities that are conprised of hermt crabs,
octopus and fish has long been recognized and the inpact of reduction in
shel | supply and/or configuration has recently been reviewed by MLean
(1983). Future BKC research should include studies of the dynamcs of
molluscan popul ations that supply refuge for juveniles of this comercia

crab species.
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5. KOREAN HAIR CRAB

5.1 Larvae
5.1.1 Approach

Col | ection and processing of plankton sanples is described in Section 4.1.1.

5.1.2 Timng of Hatch and Mlt Frequency

Larval KHC collected during the first and second weeks of the My
1983 cruise were 99%stage 1 zoeae (ZI) (Fig. 5.1). Near the end of My
(5/22-5/26) | arvae were still predom nantly z,but 16%had reached Z2,
indicating the mgjority would probably molt in the last week of My. The
presence of Z3 and Z4 larvae suggests that some eggs had hatched in early
ppri 1.

No zoeae or megalopae were captured on the August cruise; this coupled
with large nunbers of first instars on the benthos indicated that 1983
settlement was already conplete. KHC larvae were also absent from April
1984 sanples, and it is tikely that extremely cold water tenperatures that
spring delayed egg hatch.

The growth of KHC zoeae is shown in Fig. 5. 2. Mean whole body dry weights
ranged from 0.16 mg for z1 to 0.49 mg for 24. The weight at the second zoeal
stage is anomal ous; however, this value was derived froma very small sanple

(n=3) and is probably inaccurate (Appendix Dl). No Z5 or megalopae Were
captured and wei ghed.

5.1.3 Distribution and Abundance
KHC | arvae were caught at 70%of 117 plankton stations in My of 1983,
Zoeae were nost abundant south of St. Paul Island in Str 3 and 4 and al ong

the northern boundary of Str 5 (Fig. 5.3) while few were found between the
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islangs or near St. George Island. Larvae were present at 87% of plankton
stations in Str 1, 75%of Str 2, 93%of Str 3, 94%of Str 4, 4% of Str 5,
and 33%of Str 6. Calculations of nean larval abundance for My (Fig. 5.4)
show a more uniform distribution of larvae around St. Paul 1s1a§d (str 1-4).
Means for those four strata ranged from 2100 to 2900 larvae/100m . Hi ghest
single Station larval concentrations (stzarred | ocations) ranged from 6,200
(Str 1) to 14,700 (str 4) larvae/100m a2r ound St. Paul Island and the
greatest catch of |arvae, 23,000/106m , was taken within Str. 5. Again,
|arge standard deviations enphasize the patchiness of larval distribution.
Vertical Distribution and Abundance: In May 1983 kiC | arvae exhi bited

an interesting pattern of diel movement as shown in Fig. 5.5. Zoea were
taken in neuston tows during all but the lightest hours of the day, and were
especially common at night (02:00). During the early norning they were

di spersed throughout the water colum but most abundant at 25 m During the
strongest daylight period (14:00) none were caught at the 0-20 minterval and
general |y \gery few zoea were found (400 larvae/looomj conpared to 1000+
larvae/1000m taken by the bongos during the other time periods). At evening
(20:00) | arvae were found back at the surface and at night (c2:00) they were
throughout the water colum but predomnantly in the upper 20 m No
conparison between years could be made since |arvae were not yet available in

April 1984,

5.2 Juveniles
5.2.1 Size-at-Age G oupings

Discrete instar Sizes are not apparent in frequency histograns of
juvenile kit fromany of the three cruises (Appendices b2 and D3). In
August 1983 rock dredge sanples, 80% of the hair crab catch consisted of

juveniles 5-6 mmcy (range 3-7 mm; these animals are believed to represent
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the newl y-settled 1983 year class. Infrequently caught in the rock dredge
but common in August beamtraw s were larger individuals (histogram peaks
at 11 m and 15 m CW believed to be the 1982 and 1981 year cl asses,
respectively.

There appeared to be very little growth over winter, the smallest
crabs caught in April 1984 measuring only 7-8 m Ci. The animals believed
to represent the 1982 year class ranged from 13-15 m while the 1981

juveniles had reached 18-22 mm

5.2.2 Distribution and Density

For all three cruises, juvenile KHC were nost abundant near the
northeastern and western tips of St. Paul Island. Densities caught by BT in
May 1983 ranged from7 to 203 crab/ha and were 431 to 2044 crab/ha based on
the rock dredge. Juveniles were found at only one beam traw station near
St. George Island (Fig. 5.6).

Juvenile densities in August 1983 were strikingly different than found
the previous May. Extrenely high concentrations of newy settled juveniles
(Append. 0.2, D.3) were found all around St. Paul |sland, especially to the
north and east within a depth of 60 m(Fig. 5.7). Stations around St. Paul
Island had a nean density of 3930313,015 (range 40-86,480) crab/ha at 44 of
95 rock dredge stations, a 4x increase in mean density over My. Four
stations at St. George Island had trace catches of juvenile KHC (x = 214 +
102 crab/ha).  Beam traw s generally caught ol der juveniles and the nean
density for August was 55 + 90 (range 6-448) crab/ha at 26 of 71 stations,
conparable to May densities. A conparison of the distribution of spawning
adults during May 1983 with the juvenile distribution the fol | owing August
(Figs. 5.7 and 5.10) shows the retention of the new year class within the 60
m contour of St. Paul Island after a northeasterly displacenent from the foci
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of larval release,

By April 1984 a large concentration of K juveniles remained at the
northeast corner of St. Paul Island, along with sone to the east of Ctter
Island (Fig. 5.8). Relatively few crab were found east of St. Paul Island
near Walrus |sland, where large numbers of YOY and i+ age classes had been
found the previous August. Conpared to the very low density of KHC juveniles
measured during the My 1983 cruise, the density of crab in April 1984
was very high. Mean density of KHC juveniles caught at 17 of 74 rock dredge
stations was 1285 + 2080 (range 90-9020) crab/ha, conpared to a nean of 19 +
15 (range 5-55) crab/ha for 17 of 74 beamtraw stations. This was
approximately a 36% decline in nean densities conpared with previous August
values for both beamtraw and rock dredge gear

Young KHC were strongly associated with gravel-cobble substrate, and
were also conMmon in shelthash areas. Juveniles were present in 100% of the
gravel -cobbl e tows and 71% of the shellhash rock dredge tows near St. Pau
Island during the three cruises. In contrast, only 10% of the sand and 20%
of the rock shelf stations yielded juvenile KHC (Appendix D4).

Overwinter survival in shellhash areas appeared good; unfortunately
inclement weather and sea ice precluded taking April sanples in the gravel-
cobble areas that had exhibited extremely high densities of instars the
previous sumrer north and northeast of St. Paul Island. Newy settled
instars are dusky gray, specked with smalt |ight spots, a color pattern well
suited to match this type of bottom  Specinens kept in aquaria would bury in

this material and become virtually indistinguishable from their surroundings.

5.2.3 Estimated Popul ation Abundance
As with juvenile BKC, the most reliable basis for estimting abundance

of KHC juveniles was through the use of the sedinent strata (Table 5.1).
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Tabl e 5.1 Juvenile Korean hair crab population estimates in mllions of
crab from the sedinment strata by island, gear, and nonth.

Rock Dredge Beam Trawl
My 83 Aug 83 Apr 84 My 83 Aug 83  Apr 84

St. Paul Island 29.0 224.2 26. 2 5.6 9.6 4.3
St. George Island O 0.8 0 0 0.3 0.2
Md-Island area 0 0 0 2.2 0.9 0.7
Tot al 29.0 225.0 26.2 7.8 10.8 5.2

Tabl e 5.2 Korean hair crab size groupings,

Size
Age class (Carapace width in my
0+ 3 - 095
Juvenile >0.5 - 40
Adul t >40%

* Al crabs greater than 40 nm (i were considered adults, but males do
not reach sexual maturity until they are 70 mm CW. Thus, our
est;nates may overestimate the nunber of mature nmales at this stage of
anal ysis.
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This is due to the very insular nature of juvenile KHC as depicted in Figs.
5.6 to 5.8.  The May rock dredge j uvenile population estimte based on
these strata was 29 mllion for crab 6-21 m CW (Appendix D5).

I'n August the population estimte increased 676% to 225 mllion crab,
primarily fromsettlement of the 1983 voy age class (Fig. 5.9). Qur
popul ation estimate for older (10-39 m CW ages +l-1/2, +2-1/2} increased
38% over May to 10.8 mllion crab.

Nine nonths later, in April 1984, the sediment strata rock dredge
popul ation estimte had dropped to 26.2 mllion crab (Appendix D6). Sea
ice and poor weather prevented sampling in some of the areas that had
exhibited the highest abundance the previous August; consequently the
precipitous decline in the population estimte is probably more apparent

than real.

5.3 Adults
5.3.1 Seasonal Distribution and Abundance

Adul't KHC were consistently nore abundant near st. Paul Island during
all three cruises, and generally at depths greater than 40 m In May 1983
adult females (40 mm W) were primarily west and south of St. Paul Island;
mal es (>70 mm CW) were in these sane areas and extended slightly nore to
the east. Only males were found near St. CGeorge Island, at a single
station (Fig. 5.10).

Femal e abundance was |ower and they were nore widely distributed in
August, but male density was high and they appeared to be aggregated near
Valrus Island (Fig. 5.11). As in My, kic were found at only one station
near St. Ceorge and all specimens were male. By the following April males
and females had both become more widely dispersed but males were still
abundant near Wlrus usland (Fig. 5.12).
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5.3.2 Estimted Popul ation Abundance

An adult population of 8.1 mllion KHC was cal culate for My 1983 and
was conprised of 4.5 million females and 3.6 mllion mles (Fig. 5.13). This
estimate was derived fromthe sedinent strata scheme for adults taken on
sandy substrate; estimates for other strata are given in appendix tables D7
to DIL3.

By August the population estimate for adults had declined 47%to a
total of 3.6 mllion crab (0.9 mllion femles; 2.7 mllion nales; Appendix
D14). The total popul ation estimte renmained approxi mtely the same in April
1984, with a decline in femles to 0.5 mllion being offset by an increase in

mles to 3.1 mllion (Appendix Di5).

5.4 Reproduction
5.4.1 Materials and Methods

Al'l techniques involved in the analysis of reproductive condition are

described in Section 4.5.1.

4.5.2 Results
May 1983: 48 adult female KHC crab were caught in My but only three
speci mens were ovigerous; two bearing eyed eggs and one with new eggs. O
the remaining animals, 21 had new shells (sc2} and plugged gonopores and 12
had ol d shells (sc3) and enpty egg cases. One had both an oid shell with
enpty egg cases and gonopore plugs. The remaining 11 specinens had no sign
of eggs or plugs; eight had new shells and three had ol d shells.
August 1983: A total of 25 female KHC were taken in August and
none were ovigerous. Only three specimens had plugged gonopores; one was
€1, one SC2, and the third SC3. O the remaining aninals, one was Sci, 14

were SC2, five were SC3 (two with enpty egg cases), and two speci mens were

SCA4.
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April 1984: oOnly 13 adult female KHC were caught in April. Of

these, two were ovigerous, one bearing eyed eggs and the other new eggs.

5.4.3 Discussion

No well-defined reproductive cycle for KHC coul d be discerned from data
of the present study. Although largely due to the paucity of reproductively
active adult female crabs, it is also a result of the remarkably inconsistent
findings for the few available specimens. Females taken in My of 1983
general [y fell into two categories: those with eyed eggs or enpty egg cases
and ol d shells (sc3), and those with fairly new shells (sc1,2) and plugged
gonopores. Sakurai et al (1972) reported that ol der females mated earlier
than smaller specinens, and consequently extrude their eggs sooner. [t is
possible that the specimens with new shells had already released their
| arvae, nolted and mated by the time of our survey. The nean size of new
she'11 individuals was 68 mm (+ D.2) compared to 57 mm (+ 10.2) for those wth
ol d shells. |f larger individuals mate and extrude their eggs earlier than
the smaller crabs it is possible that their eggs also hatch earlier.

In August, very few animals had gonopore plugs. Since these plugs
general |y protrude considerably and appear to he subject to breakage or
abrasion, it seems |ikely that the nunmber of females with obvious external
plugs would dimnish with time. The occurrence of specinens with plugs on
only one side suggests that the excess material my eventually slough off.
Unfortunately, the internal passages of the gonopores were not checked for
signs of a plug.

The presence of large ovaries (and large ova) in some of the August
speci mens, accounting for as much as 17% of the total weight, may indicate
that some individuals were close to spawning. The ol der shell animls tended
to be slightly larger (62.6 +10.9 mm (W) than the new shell animals (43.8 m
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+ 10 mm cW). If females do indeed nolt and mate after releasing their
| arvae, this would be consistent with the My data. It does little, however,
to explain the large drop in the average sizes of the two groups.

Sanpling was |east successful in April of 1984, when only 13 adult
femal e KHC were caught. It was expected that nost females would he
ovigerous at this time of the year, but only two of the 13 bore

eggs. Ovigerous femal e Cancer magister are often found buried under

several centinmeters of substrate (Jensen and WIlians, School of Fisheries,
U of ., pers. ohs.); which if true for female kic woul d mean very |ow
matchability in the gear of our study.

The occurrence of one specimen with new eggs in April and one in My of
the previous year suggests that a second hatch of larvae may occur later in
the summer.  The soft-shelled female wth gonopore pl ugs captured in August
indicates that at |east some individuals are molting and mating at that

time of year.
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6. POTENTIAL | MPACT OF O'L ON CRAB

As originally hypothesized in the proposal to OCSEAP for this
project, BKC are indeed as insular a species as first suggested by NVFS
survey data (Qtto 1986). More so than adult animals, both [arvae and
juveniles have highly restricted distribution over the SEBS that occurs
around the pribilof and other islands. Both early life history stages
require nearshore distribution, and although larvae may be possibly
transported great distances (as theorized for RKC along the North Aleutian
Shel f; Hebard 1959; Haynes 1974; ArMstrong et al. 1983), it is inperative
that they metamorphose very nearshore for subsequent survival as small
juveniles. The restricted distribution of early juvenile BK stages on and
in substrates such as shell hash and gravel/cobble that are limted to the
Pribilof |slands (conpared to hundreds of kmin all directions) underscores
the unique habitat required by this species. Although adults may range
more W dely, their return nearshore of St. Paul in spring attests to the
need that larvae, and in turn juveniles, be hatched and retained nearshore.
For these reasons there seens to be a high probability that if oil reaches
these islands in appreciable quantities, the inpact on BKC (and KHC) could
be great depending on a variety of biological and physical paraneters (see
Laevastu et al., 1985, for an overview of relevant factors).

Real i zation that crab (and other species groups) are vulnerable to oil
mshaps in the SEBS cane froma series of modelling workshops and synthesis
meetings held in the early 1980's (Sonntag et al. 1980; Hameedi 1982;
Thorsteinson 1983). As a result, OCSEAP has sponsored a series of research
prograns (including the present study) to elucidate for the first tinme many
aspects of king crab general life history and ecology in the ses. The
results provide a better basis from which to predict and assess effects of

oil spills, and to inprove inpact models developed for this purpose.
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Two nodel s of physical transport processes, water movenents and
bi ol ogi cal interactions ana responses to oil in the Bering Sea have been
constructed (Leendertse anma Liu 1981; Sonntag et al. 1980). Several nodels
of water transport and circulation have been based on net current
directions and velocity (Hebard 1959; Kinder and Schumacher 1981b;
Schumacher and Reed 1983), and on nethane profiles (Cline et al. 1981).

To inprove predictive capability, 0CSEAP contracted with NS to
devel op a conprehensive series of nodels that simulate effects of oil
mshaps on a variety of species by including a wide parameter field for
both physical and biological processes (see multiple reports in OCSEAP
Final Rep. Series Vol. 36, Parts 1 and 2; especially Laevastu et al. 1985
for an overview). The sophistication and conplexity of these models is
general |y greater than earlier versions for transport, mxing and
weathering of oil, as well as for inclusion of a wide array of biological
processes and life history stages poorly quantified in earlier mdels (e.qg.
Sonntag et al. 1980).

Hebard (1959) described currents moving to the northwest through
Unimak Pass, With a component then noving northeast along the North
Al eutian shelf (NAS). Athough the direction of the current is highly
variable and to a great extent tidally driven, there is a net movenent of
2.0-5.5 cm/sec eastward and northward into Bristol Bay. Kinder and
Schumacher (1981b) and Schumacher and Reed (1983) summarized data for
current patterns in the SEBS and showed weak currents of 2-5 cm/sec al ong
the NAS and 1-5 cm/sec moving northwest over the St. George Basin to the

pribilof I'slands (Fig. 6.1). They stressed that instantaneous flow can he
substantially greater than these averages (up to twenty tines greater than

the long-term vector) and the direction quite variable. Cline et al. (1981)
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used methane profiles to calculate current speeds of 7 cm/sec northeast
along the NAS and 5 cn/sec northwest over the St. George Basin. Both
values are in close agreenent with current neter readings. Such
information can be used to gauge the movenent of crab l[arvae in currents
relative to origins and surface speeds of oil movement. These exercises
have been done by Leendertse and Liu (9s1)and Sonntag, et al. (1980).

In order to study the direction of surface oil trajectory follow ng
oil spills fromlease sale areas in the SEBS (Fig. 4.5), Leendertse and Liu
(1981) ran conputer sinulations based on average wind events in wnter and
in sumer (Fig. 4.5. During sumer and fall, oil fromspills in the St.
Ceorge Basin and along the NAS woula be nmoved by prevailing wnds eastward
over the mddl e sheif and South to the nas coast at uUnimak Island (Fig.
4.5). In the winter, oil would be transported northwest off the shelf or
towards the pribitof Islands (Figs. 6.2A and 6.28) and could affect Al askan
species of shrinp and crab including bungeness crab, king and Tanner crab,
and pandal id shrinp.

Hydrocarbon toxicity to decapod Crustacea has been studied for several
species that occur in Alaskan |ease sale areas. Rice et al. (1975) and
Vanderhorst et al . (1976) reported that 9-hr LC50 values for juvenile and
adul t pandalid shrinp range from0.8-11.0 mg/1 for the water soluble
fraction (wF). Pandalid | arvae, however, are a nore sensitive life
history stage as evidenced by 9-hr LC50 val ues from 1.0 ng/1 WSF down to
0.3 mg/1 for single aromatic conpounds such as naphthalene (Mecklenburg et
al. 1977, Rice et al. 1976, 1979). Sublethal effects including failure to
swmand/or nolt inhibition occurred at concentrations from0.7 to 0.3 mg/1
WF. A 96-hr exposure of pandatid larvae to 0.6 mg/1 WF caused a 70%
reduction in molting fromzl to Z2 (Mecklenburg et al. 1977). Dungeness

crab zoeae Were susceptible to WSF as iow as 0.22 mg/1 (Caldwell et al .
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1977).  Larval king and Tanner crab are equally sensitive to hydrocarbons.
Death of RKC [arvae or failure to swmwas caused by 0.6 to 2.0 mg/1 WSF
(Brodersen et al . 1977; hecklenburg et al. 1977),and chionoecetes bai rdi

| arvae were immobilized by a 96-hr exposure to 1.7 mg/t WSF (Brodersen et
al. 1977).

Studies with other larval decapods indicate that toxic oil
concentrations my be even |ower than those discussed above when based on
assays of single hydrocarbons, exposures |onger than 96 nr, or based on

sensitive sublethal criteria. Larval | obster (Homarus americanus) ceased

feeding at 0.19 mg/1 wsF and had a 30-day LC50 val ue of 0.14 mg/1 (VelIs
and Sprague 1976). Specific conpounds such as naphthalene are very toxic
and caused narcotization followed by death of pandalid shrinp and crab

| arvae at concentrations of 8-12 ug/1 during exposures of |ess than 24 hr
(Sanborn and Malins 1977). Toxic oil concentrations range as |ow as 0.15
ng/1 W6F and may be somewhat |ower for specific conpounds. Mbore and Dwyer
(1974) give a sublethal range of 0.001-0.1 mg/? WOF as stressful to larvae.
Wells and Sprague (1976) suggest a multiplier of 0. 03 shoul d be applied to
Le50 concentrations to establish “safe” levels; this would result in
acceptabl e concentrations less than 1 ug/1. Arnstrong et al. (1983) noted
that the toxic threshold value of 0.2 ng/1 WSF used in oil spil1 scenarios
shoul d be lowered to 0.05 to 0.1 mg/1in light of this evidence.

A model was constructed by Gallagher and Ppota (1985) to predict the
extent of area affected by various spill and accident scenarios in the
Bering Sea. As a bhasis for conparison of the predicted aerial extent of
hydrocarbon contamnation in several ranges of concentrations, they also
presented a range of soluble aromatics judged to be toxic. For benthic
crustaceans (e.g. crabs) this was 1-10 ppm(mg/1). This range applied to
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benthic adult and | UVENi | € stages might be accurate, and for larvae woul d
assumably be much [ower as previously discussed. Armstrong et ai. (1976)
found a 100x increase in toxicity of methoxychlor (DDT anal og) to Dungeness

crab (Cancer magister) when conparing adult and larval stages, both in

acute and chronic tests. The extreme difference inrelative susceptibility
of different [ife history stages of the same species underscores the need
to consider oil inpact in terms of concentrations and classes of
hydrocarbons at several points in the water colum and on the benthos (see
detailed output of several nodels of transport, weathering, mixing, etc. of
oi| computed by the National Marine Fisheries Service, OCSEAP Final Rep.
Series Vol. 36, Parts 1 and 2, 1985).

Impact on BKC: In terms of nost parameters that could lead to an oil

mshap in the sees and subsequent inpact on crab, B8k are more vul nerable
to the consequences of oil release than are RKC. Armstrong et al. (1983)
discussed the potential impact of various oil Spill scenarios on RKC al ong
the NAS and, in general, it was an issue of space (i.e., whether or not a
spill of sufficient size would cover an area adequately large to inpact
this more widely distributed species of king crab). In the case of BKC at
the pribitof Islands, the data presented in this report show that the
species is very restricted in its distribution and therefore, sinply froma
spatial perspective, much more vulnerable to oil mshap;, i.e. if oil
reaches the pribilef Islands, a relatively greater proportion of the BKC
popul ation would be affected than woul d RKC al ong the NAS exposed in a
conparabl e scenario.

The approach to assessment of potential inpact and the resultant
estimte of animals affected is a highly subjective process that depends on
the data sets used, the rigor and conplexity of nodels, and the tendency of
individuals to be conservative or “worst case” in their approach, often as
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areflection of their point of view on the subject. Certainly this issue
of susceptibility of BKC to 0i | exposure around the Pribilef I Slands is
just such a case, where inpact assessment is a variable process and
resultant predictions about the nature and extent of impact Wi || change
wth scenarios and data sets.

However oil arrives at the pribilof |slands by whatever conbination of
Wi nd, currenzts, and location in an inpact nodel, any area of several
thousand km affected coul d have a significant inpact on the species.
| npact scenarios considered by participants in the Al aska workshops and
revi ewed byZArmstrong et al. (1983), approached or exceeded several
thousand km affected following spills of several hundred thousand barrels
of oil.

A nore variable scale of effect for crab and other fisheries species
was generated fromoil inpact nodels devel oped by the NVFS group {Leavastu
et al. 1985) which considered bl owout (20,000 bbi/day x 15 days) and
acci dent (240,000 b1 - 10,000 bbi/hr x 10 days) scenarios, and oil
conponents in categories of WSF and TARS (weathered, non-volatilized
fraction delivered to the benthos). Results of the bl owout scenaricz) showed
t hat concentratiogs of WSF greater than 0.1 ppm covered only 130 km, and
TARS about 250 km . After an “accident”, WSF and TARS in excess of 1.0 ppm
covered 380 and 752 kmz, respectively, and in excess of 0.1 ppm covered
1160 and 1548 kmz, respectively. Various strata defined to calculate BKC
larval and juvenile abundance around the pribilof islands are on the order
of 1,000 to 3,000 kmin area (Tables 4.4 and 4.5). Especially the areas

east and southeast of St. Paul island where both larvae and small juveniles
were found in high density, range around 1100 knf(Fig. 4.1, Tab|e24. 4);
rock, cobble and shelthash around St. Paul total only about 480 km (Table
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4.5). The results of NVFS sinulations of spill scenarios if applied to
areas Of high abundance of larval and juvenile BKC around the Pribiloef
Islands, i ndi cate the potential for extensive exposure of much of the
population te hydrocarbons at concentrations that might be acutely lethal
or chronically toxic in some way (e.g. reduced feeding, vacating habitat
and higher risk of predation).

Life history of BKC around the pribilof Islands IS al ready somewhat
tenuous uncer natural situations quite apart fromany additional inpact
caused by possible oil spills in the area. O that inundates the pribilof
Islands or is mixed to the benthos (see review by Curl and Manen 1982
Schumacher 1982) could affect the species in several ways. Miture crab
apparent!y nove to the nearshore region sonetime in late winter or early
spring so that females may both hatch eggs in the vicinity as well as nolt
and breed. As noted in Section 4.5, this species is on a biennial
reproductive cycle which means that a major fraction of the femle
popul ation is not reproducing in consecutive years. Therefore, |arval
production is accounted for by a variable portion of the female popul ation
(Somerton and Maci ntosh 1985; this study). Based on evidence gathered in
the present program it seens apparent that |arvae nust be retained
nearshore of the pribilef Islands in order to ensure a successful year
class because of the dependence of juvenile stages on nearshore shellhash
habitat. Size-frequency data show that year classes fail entirely from
time to time, probably because of adverse transport of |arvae away from the
Pribilof | sl ands (see Section 4.1). |n over 400 benthic traws and dredges
during the three cruises of this study, no crab bhetween 30 to about 80 m
(L were caught, a size range that represents at |east two year classes.
Therefore, failure of recruitment around the Pribilof |slands does occur

for reasons quite apart fromoil spills.
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If, on the other hand, significant portions of the nearshore area
around St. paul are affected by oil of sufficiently high concentgation
(Leavastu et al. 1985, “accident” sceanrio WSF >0.1 ppm,1160km for 21
days), it is reasonable to assume that larval production could be
elimnated that year if the spill occurs between April through July. The
second | i fe history stage potentially affected by oil mshaps are juveniles
which are also distributed nearshore around both islands. Wether or not
oil from a spill m xes to the benthos in substantial quantities is a
theoretical consideration that is dependent on the amount of oil, time and
di spersion, severity of storms, and general turbulence (see reviews by
Schumacher 1982; Curl and Manen 1982). If, by whatever neans, significant
quantities of hydrocarbons do reach the benthos, then the potential inpact
on juvenile stages could be high. Once mxed to the bottom oil coul d
affect animals either through acute or chronic toxicity (see review by Cur'i
and Manen 1982; Arnmstrong et al. 1983) or through destruction of habitat.

The nost unique feature Of BKC ecol ogy around the Pribilof Islands is
the strong association between juvenile stages and shellhash habitat (see
Section 4.0). If shellis coated with oil and is no longer usable by
juvenile crab, then resultant nortality (if not fromoil per se) could be
quite high by virture of |ost refuge frompredators. Shell is apparently a
relatively scarce commodity around the Pribilof Islands and, in quantity,
may take a long time to accunulate. The age of several of the bivalve
species that we neasured aboard ship was typically in excess of 30 years
and the size frequency of shell suggests that species do not recruit
annual ly.  Once an animal dies, its shell may exist for some years unless
broken down by chem cal or mechanical processes. If significant tracts of
shel 1 were lost on the east side of St. Paul Island due to contamnation by

oi | mixed to the benthos, it is likely that several years would be required
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for that area to recover, either by weathering Of the oil or replacement of

the shell.
The only areas of consistently high juvenile abundance were on the

east side of St. Paul and St. George Islands closest to the lease sale
areas in the St. George Basin. Adult crab are probably nuch less
susceptible to oil inpacts than are either larval or juvenile stages.
Armstrong et al. (1983) reviewed the literature dealing with possible modes
of toxicity and inpact on adult stages. Apart fromovert and acute
toxicity, the nost likely inpact was viewed in ternms of reproduction.

Adult mating is probably based on chemosensory cues that could be
attenuated by exposure to hydrocarbons (Pearson et a1. 1980) or by exposure
of eggs and resultant loss of enbryos. Based on our data, it is not known
whether female crab incubate eggs through the entire 11 nonth cycle near
the pribitof Islands. If not, then it is unlikely that exposure of eggs
sone distance of fshore would be any significant threat. Mre probable is

| mpai rment of reproduction by curtailnent of chemosensory-based |ocation
and copul ation of adult nmale and female crab. Hgh density and discrete
aggregations of crab on the east side of St. Paul near Malrus Island are
consi stent with the hypothesis that males move nearshore to copul ate when
the receptive femal es molt. Since reproduction occurs on a biennial basis,

reduction of reproductive effort could have a serious effect on tarval

production the followng year.
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Appendix A.1 Sediment composition (%) of 80 selected stations
from the May 1983 cruise.

vERY YERY: ST
PEBBLE CRANMWLE COARSE COARSE  MEDIUM FINE FINE ANO
SAND SAND SAND SAND SAND CLAY
Grain 2 2w 1 to o 0 tol -1 t8-2-2%-3 -3 ro-4¢ -4
s.zemm> 4 4 -2 2 -1 1-0 s s0 25 '25. 128125-083 ¢ 063
STATION
1 os 41 34 24 47 749 81 49 29 54
2 50 1 44 se 28 35S S6 58. 7S 2 4 49
3 10 41 &8 40 2 60 90 a1 2 81 1 99
4 89 709 2081 18 23 6 62 31 48 11 S8 399
s 00 1.18 48 16 10 69 82.43 1 28 2 99
[ 23 18 22 3 9 a8 7S 84 11 03 1
9 06 07 06 113 88 6S 9. 77 2.07
10 67 22 23 o4 4 81 54 26 s8 &9 1 9s
12 18 la 92 40 o8 48 1s 1,‘7 s 17
1s 4 99 1 01 1 13 93 213 SO 32 21 12 13 %
16 s6 63 1s 12 10 &7 8 09 3.23 aa 9s
17 26 3.18 3s 90 3s 69 10 34 1 89 137 11 38
18 17 58 20.42 71 42 5.78 66 28 73
20 61 39 28 22 900 2 31 S0 78 93 92
21 1111 18 23 03 34 % 12 12 a8 70 s3
22 12 22 17 10 99 71 20 10, s7 10 66&
23 00 00 00 08 43 9 27 16 sa 7
24 00 13 13 09 1.16 49 s7 31 99 16. 96
25 00 18 91 2 48 2.4 14.72 11.44 7 ae
10 32 25 81 30 38 21 04 6 4S 161 a8 3 3s
27 00 00 14 1 25 33 88 S8 54 8 .63 1.7s
30 48 12 2389 12 29 7 03 3.72 4.90 1 28 1. 77
31 24 13 s 37 10 10 12 o3 21.31 52.“ 116 322
32 17 39 6 77 4 50 s 3s 1%. %13 417 14 98 14,12
33 co 14 c6 45 26. 80 44 23 23 63
34 Do 02 10 as 2.9S % 8; 41 91 29 67
a8 46 61 2 14 1]I ﬁ 4 76 2 26
97 0s 26 32 . 74 s0 19 22 3.22
%8 20 7s 32 1 30 13 38 18 29 s.17 1 98
59 a1 4 o8 4 36 21 309 9 36 8 38 9 93
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6 00 00 7s 78 324 63 s1 26 94 3 se
63 s1 28 21 17 433 12 24 19 66 211
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70 41 27 13 10 a8 26 38 ﬂ gg 14 %%
72 23 2 32 133 ar 2.5 71 22 . % %
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1s 00 07 is 13 154 19 94 20. 66 7 sl
;g 58 00 07 09 1 04 s1 22 33.73 13 26
00 03 0s 09 2 a8 72 96 18.08 6 33
78 77 5} 47 79 580 78 69 11.30 167
79 o043 14 33 7 83 s 37 9 61 17 91 2.68 1 8s
83 22 118 58 31 3 es a1 70 S 76 3’30
04 00 07 10 12 1 0s 7a 32 18 7]6 04
es 2 80 68 2 20 3 50 97 55 4 7 77
as 20 51 s8 148 1S as 7s 18 3 44 2.77
a7 00 00 00 04 97 &6 9s 57 73 24 30
? oo NN 0% BE g U¥x o 3%
1 09 1 3 88
90 00 06 04 06 T0 84 g 2 16 T2 41
91 00 12 14 19 133 82 39 1174 3 se
92 20 (14 1 . 30 4 2% ’8 431% 13 4% ?1, gg
94 155 13 23 ’s 28 4
95 oo 19 13 1 H %7 39 53 Z?a 17 94
89 16 3 12 1s 115 18 12 5s. 71 24 27
00 04 0s 19 3N 53 o 29 63 13 29
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23 9 29 49N 613 10 49 18 a3 3s 4 S QOZ 10 13
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Appendix A.2 Mean phi val ue, standard deviation, skewness and kurtosis of
the grain size distribution of the 80 sanples analyzed.

ST ="station.
VEAN MEAN
ST PHI s.D. SKEW KURT ST PH S.D. SKEW KURT
VALUE VALUE

1 -3.67 75 2.43 17.16 75 -3.83 88 1.14 4.08

2  -2.13 90 1.18 9.87 76 -3.06 85 1.22 12.29
3 -2.49 55 2.59 28.70 77 -2.78 63 -1.12 5.45

4 -1.36 1.69 14 1.92 78 -2.50 77 2.88 20.56
5 -2.36 81 2.77 18.79 79 47 2,17 -58 1.83

6 -2.52 63 1.46 17.18 83 -2.41 71  2.85 19.27
9 -2.62 44 -1.35 15.46 84 -2.73 57 -1.10 8.42
10 1.93 1.25 -3,64 17.69 85 -2.35 96 3.97 20.40
12 -2.24 87 -.96 4.88 86 -2,35 73 1.36 12.76
15 -2.72 1.57 1.86 7.14 87 -3.55 .67 29  3.03
16 1.36 1.70 -1.89 6.11 88 -2.63 .92  1.54 12.50
17 -.71 1.61 -1.35 3.94 89 -2.49 .72 3.43 29.33
18 -.39 67 -1.66 13.93 90 -3.96 .90 1.24 3.33
20 1.83 1.19 -2.89 13.32 91 -2.66 54 -.73 12.03
21 -3.46 2.20 2.17 6.08 92 -2.65 .64 61 14.65
22 -2.79 74  -.27 9.77 94 -2.15 .86 2.41 15.20
23 -4.11 68 1.62 4.71 95 -3.37 74 72  6.58
24 -3.14 80 -.11 3.99 9 6 -3.50 80 1.74 12.42
25  -2.67 .80 .30 7.40 97 -3.02 79 36 3.22
26 37 1.50 -1.17 4.9a 98 -2.46 68 -.07 7.88
27 -2.24 .68 -.38 4.26 104 -2.96 79 -.68 3.15
30 1.21  1.69 -1.52 4.72 105 -3.18 .68 76 8.39
31 -.40 2.05 16  1.84 106 -1.92 1.23 .97 5.29
32 -1.42 2.39 50 1.90 108 -.77 2.35 .34 1.60
33 -3.35 87 61  4.05 111 -1.94 56 -.15 3.99
34  -3.47 85 52 3.21 112 -1.98 1.54 94 3.70
35 -2.35 82 2.43 16.19 113 .28 1.61 -.33 2.29
37 -2.68 77 2.70 22.72 114 .74 2.51 -1.04 2.44
39 -2.35 81 2.62 17.13 115 -3.91 74 1.26 5.59
40 57 2.69 -.89 2.03 119 -2.76 63 -1.37 7.56
41 .05 1.58 -.65 3.02 120 -1.49 2. 24 51  2.24
s8 -2.23 1.08 1,49 8.25 121 -2.94 77 -.74  3.22
60 -2.75 72 .60 6.58 122 -2.89 1.81 1.43 4.76
63 -2.64 71 2.19 19.78 123 -1.51 1.94 62 2.74
67 -3.22 95 1.15 7.39 127 -3.63 79 .68  3.01
68 -2.78 94 2.61 17.45 128 -2.78 69 -.88  4.17
69 -2.56 1.23 2.63 11.57 129 -3.05 86 -.11 2.85
70 -3.32 80 2.20 16.75 130 -2.25 83 1.89 11.81
72 -2.57 .97  2.13 11.33 136 -2.53 .65 1.35 17.85
73 -2.34 1.33 2.31 9.11 137 -2.72 .60 -.80 10.83
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Appendix A.3 Summary of Si de scan sonar data on substrate type at each station, St. Paul
Island. Over the linear distance of 1 NM at each station, the percent bottom
type of each category present was summed and Set on_a scale of 10. R=rock, S =
sand, M= nud, G="gravel , C=cobble, T=transition area where at least three
substrates were found in equal proportion.
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Appendix A.4 Summary Of side scan sonar data on substrate type at each station, St. (George
Island. Over the linear distance of 1 NM at eaCh station, the percent bottom

type of each category present was sunmed and set on a scale of 10. R =rock, S =
sand, C = cobble.
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Appendix B.1 Surface temperatures (°C), April 1984.
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Appendi x B.3 Surface tenperatures (°C), August 1983.
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Appendix B.7 List of the domlnant species, frequency of occurrence,

average denS|t%
wei ghts at the

in no./ha and

/'ha), and average individual
stations that constituted each of the major

cl usters fromthe beam traw hauls in the August 1983 cruise.

Gener al ,

Taxonomic Speci es Cluster Fr 9 N W W/N
G oup number (no/ha) ( g/ha) (9)
Coelenterata Sea Anenpnes 1 50.0 191.9 43307.6 2257
2 21.4 3.1 2514.2 811.0

3 51.9 173.7 61798.0 355.8

Echinodermata A. amurensis 1 36.7 149.1 16745.8S 112.3
2 42.9 333.7 248449.0 S 744.5

3 48.0 48.8 8657.1 177.4

Henricia SP. 1 33.3 226 S 333.7s 14.8

2 14*3 3.2 10.0 3.1

3 7.4 1.2 s 5.1 s 4.3

L. nanimensis 1 50.0 45.5 5892.8 129.5

2 35,7 1806 4018.8 216.1

3 55.6 15.4 4369. 4 283.7

S. droebachiensi 1 70.0 1111.2 * 22239.9 *  20.0

2 21.4 2.3 610.3 184.9

3 11.1 3.6 107.1 29.8

Cucumaria sp. 1 36. 7 101.3 S 59009.8 S 582.5

2 21. 4 6.3 7112.5 1129.0

3 3.7 0.3 s 305.4S 1018.0

Mollusca F. oregonensis 1 26.7 73.6 5131.7 69.7

2 0.0 0.0 0.0 0.0

3 18.5 39.7 2744.9 69. 1

Nept unea spp. 1 6.7 1.6 249.9 156. 2

PP 2 21.4 4.9 1017.3 207.6

3 66. 7 68.1 * 10645.2 * 156.3

Nudibranchs 1 76.7 61.9 * 974.9 * 15.7

2 35.7 9.6 10.3 1.1

3 25.9 12.7 537.4 42.3

Chiamys SPp. 1 56. 7 445.8 *  7545.5 * 16.9

2 14.3 2.1 39.7 18.9

3 18.5 15.8 210.6 13.3

Mytilidae 1 30.0 37.8 S 634.7S 16.8

2 7.1 0.5 2.2 4.4

3 0.0 0.0 s 0.0 5§ 0.0
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Appendi x B.7 (continued)

Gener al ,
Taxonomic Speci es Cluster Freg N W WN
@ oup nunber (%) ( no/ha)  (g/ha) (9)
P. macrochisma 1 36.7 98.7 § 6000.3 S 60.8
2 7.1 15.3 1305.1 85.3
3 3.7 0.2 s 1.5 s 7.5
Crustacea Cirripedia 1 16.7 8.9 105.7 11.9
2 7.1 0.5 53.3 106.6
3 0.0 0.0 0.0 0.0
Pandalus Spp. 1 43.3 1184.6 S 1469.9S 1.2
- 2 28.6 34.2 38.5 1.1
3 7.4 11.1 s 109 s 1.0
C. oregonensis 1 53.3 41,7 * 96.9 * 2.3
2 7.1 e 3.7 1.3
3 22.2 4.2 11.6 2.8
Chionocetes Spp. 1 43*3 73.7 155007 21.0
2 71.4 301.1 1331.8 4.4
3 100.0 3216.7 * 1S969.3 * 5.0
E. fsenbeckii 1 36.7 22.8S 6024 .8 264.2
2 78.6 83.0 S 9567.4 115.3
3 44 .4 15.4 4129.7 268.2
H lyratus 1 53.3 133.3 1824.2 13.7
2 42.9 81.2 1467 .4 18.1
3 66.7 34.2 92.7 2.7
O gracilis 1 86.7 716.0 * 8648.2 12.1
2 78.6 107.5 638.7 5.9
3 48.1 16.8 48.4 * 2.9
P. platypus 1 50.0 17.0 1554.6 91.4
2 14.3 S.8S 0.1 s 0.0
3 66.7 22.5 § 7720.6 S 343.1
Fish A. bartoni 1 36.7 14.5 93.6 6.5
- 2 7.1 0.5 0.1 0.2
3 51.9 9.8 10.5 1.1
Cyclopteridae 1 66.7 43.5 200 .s 4.6
2 71.4 S2.6 114.5 2.2
3 70.4 85.3 492.1 S. 8
H. jordani 1 33.3 40.4 s 16693.8 S 413.2
2 0.0 0.0 s 0.0 s 0.0
3 22.2 6.1 1488.4 244 .0
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Appendi x B. 7 (continued)

Gener al
Taxonomic Species Cluster Freq N W WN
Group numder ( %) (o/ha ) ( g9/ha) (9)
H. elassodon 1 16.7 12.7 100.7 7.9
2 0.0 0.0 0.0 0.0
3 51.9 35.7 * 1824.5 * 5]1.1
H. stenolepis 1 23.3 14.5 256.6 17.7
2 85.7 126.9 * 896.9 * 7.1
3 22.2 2.9 2.8 1.0
L. bilineata 1 63.3 416.9 6313.6 15.1
2 100.0 1434.9* 60340.2 * 42,1
3 81.5 156.9 11838.6 75.5

* Values are significantly different, at the 1% level, from the values of
the other two clusters (see text).

S Two values are marked with this symbol when they differ significantly,
but none of themis significantly different fromthe third.
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Appendix B.8 List of the dominant species, frequency of occurrences
ammmm%UnmmaMWMLwﬂwawmmmmw
e

wei ghts at the stations that constituted each of the mgjor
clusters fromthe rock dredge haul's in August 1983.
cener al Speci Custer Freq N W W/N
] ecles
E%%%omc P number (% (no/ha) (g/ha ) (9)
lenterata Sea Anenones 1 42. 6 85.0 3715.2 43.7
coelenterate 2 654 8145 , 1904
3 32.0 157.1  13999.7 82.4
Echinodermata A. amurensis 1 21. 7 45,3 3374.8 74.5
- 2 65.4 1076.1 * 97072.9 *  90.2
3 28.0 147%9 21380.5 144.6
Henricia sp. 1 42.6 93.9 s 315.2 S 3.4
2 15. 4 50.3 487.6 9.7
3 8.0 37.9 s 132.9 'S 3.5
_l . _nanimensis 1 25.5 44,2 6535. 8 147.9
2 26.9 53.7 7787.8 145.0
3 4.0 2.4 1166.5 486. 0
_S. droebachiensis 1 91.5 1190.7 61923.3 52.0
2 76.9 999.9 50189.3 50.2
3 24.0 138.0 *  4870.4 * 35.3
Cucumaria sp._ 1 44,7 157.8  105041.2 665. 7
2 23.0 89.5 61766. 1 690. 1
3 12.0 58. 3 54911. 8 941.9
Mollusca _F. oreqgonensis 1 31.9 279.9 7366.5 26.3
2 19.2 102.1 8640. 3 84.6
3 16.0 74.5 4439. 2 59. 6
Neptunea spp. | 2.1 1.9 60.4 31.8
2 0.0 0.0 0.0 0.0
3 12.0 5.8 927.3 159.9
Nudibranchs 1 40.4 66.0 449,5 6.8
2 50.0 171.0 418.7 2.5
3 28.0 29.5 38s9 1.3
Chlamys sp. 1 53.2 152.8 *  1394.0 * 9.
2 80.8 3557.0 * 35343.4 . 9,
3 20.0 61.9 * 1416.1 * 22.

Mytilidae 1187.6 152560.7 128.
488.8 22185.0 45.

1086.4.388488.6 * 8l.

COMN) =
U1 o
oo N w
O N oo
wn > O O \D pes
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Appendix B.8 (continued)

Gener al
Taxonomic Species Cluster [T eq N W W/N
Group nunber (% (no/ha) (' g/ha) (9)
P_ macrochisma 1 87.2 1029.7 * 72392.4 * 70.3
2 50.0 1000.7 68713.1 51.8
3 16.0 1640.1 89179.8 54.4
Crustacea Cirripedia 1 38.8 110.1 s 6284.1 S 57.1
2 15.4 65.3 1956.7 30.0
3 4.0 40.7 s 1561.0 S 38.4
Pandalus Spp. 1 36. 2 529.2 443. 8 0.8
2 65.4 2144.3 *  2386.6 * l.1
3 20.0 90.1 82.4 0.9
C. oregonensis 1 89.4 828.9 1179.8 1.4
2 69.2 1926.7 3746.6 1.9
3 28.0 46.4 * 45.6 * 1.0
Chionocetes SPp 1 8.5 37.6 * 41.9 * 1.1
2 38.5 308.4 930.4 3.0
3 52.0 550.9 378.0 0.7
E. isenbeckii 1 36.2 124.7 213.8 1.7
2 76.9 2706.7 * 3566.0 * 1.3
3 44.0 3707.2 1989.7 0.5
H. lyratus 1 42.6 167.8 490.8 2.9
2 84.6 1939.6 * 6743.8 * 3.5
3 24.0 76.5 174.1 2.3
0. gracilis 1 97.9 1756.1 7720.5 4.4
2 84,6 2561.7 16912.2 6.6
3 52.0 843.9 * 1108.3 * 1.3
P. platypus 1 55.3 412.6 88.4 0.2
2 80.8 2109.7 * 1473.1s 0.7
3 28.0 218.9 398.2 S 1.8
Fish A. bartoni 1 6.4 7.7 6.6 0.9
2 15.4 24.9 29.6 1.2
3 12.0 5.9 4.3 0.7
Cyclopteridae 1 53.2 187.2 445.1 2.4
2 65.4 414.6 S 564.8 S 1.4
3 32.0 60.9 S 45.1 s 0.7
H. Jjordani 1 6.4 6.4 1313.3 205.2
2 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0
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Appendi x 8.8 (continued)

Ceneral
Taxonomic Species cluster Freq N - W id/N
Group number (%  (no/ha)  (g/ha ) (9)
H. elassodon 1 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0
3 4.0 4.0 15.8 4.0
H. stenolepis 1 10.6 17.8 24.8 1.4
2 0.0 0.0 0.0 0.0
3 20.0 73.6 34.5 0.5
L. biflineata 1 14.9 16.6 369.2 22.2
- 2 23.1 150.2 1166.3 7.7
3 24.0 167.1 184.1 1.1

* Values are significantly different, at the 1%l evel, fromthe val ues of
the other two clusters (see text).

S Two values are marked with this synbol when they differ significantly,
but none of themis significantly different fromthe third.
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Appendix B.9 List of the dominant species, frequency of occurrence,

average density (i N no./ha and g/ha), and average indi vi dual
wei ghts at t%e stations that const|tuted each of the ngjor
cl usters fromthe April 1984 cruise.

General
Taxonomic Species Cluster Freq N W WN
Group number (%) (no/ha) (g/ha ) )
Coelenterata Sea Anenones | 45,7 148.0 13031.8 88.1
2 49.0 301.4 46431.3 154.1
3 55.7 100.2 17884.6 “ 178.6
Echinodermata A. amurensis 1 5.7 13.4 * 1148.6 * 85.7
2 64.7 567.8 61358.8 * 108.1
3 72.1 223.3 40253.6 * 180.3
Henricia sp. 1 48.6 107.5 736.7 6.9
2 3.1 5.0, 42T 5.8
3 9.8 2.4 8,3 3,
_L. nanimensis 1 31.4 83.7 18100.4 216.3 .
2 43.1 55.7 4570.4 82,1
3 57.4 18.6 3372.1 181.3
_S. droebachiensis 1 91.4 1849.4 * 67832. 6* 36.7
2 11.8 349.9 * 24996.3 * 71.4
3 16.4 4,3 * 317.7 *  73.9
Cucumaria sp. 1 85.7 307.9* 194300.2* 631.0
2 43.1 121.7 * 60069. 5* 493.6
3 6.6 4,1 * 868. 4* 211.8
Mollusca _F. oregonensis 1 62.9 280.2 * 16352.7* 584
2 17.6 19.7 2119.2 107.6
3 16.4 3.8 260.6 68.6
Neptunea spp. 1 14.3 14.4 798.6 55.5
2 25.5 31.9 1485.7 46.6
3 78.7 78.4 * 12598.7 * 160.7
Nudibranchs 1 25.7 45.5 224. 7 4.9
2 25.5 25.7 S 351.8 13.7
3 59.0 55.5s 57.0 1.0
LChlamys sp, 1 62.9 ,2892.7 * 49102.2 17.0
2 47.1 328.0 * 5223.8 15.9
3 11.5 4.1 . 65.2 * 1509
Mytilidae 1 62.9 2234.6 * 23783.1 10.6
2 58.8 1297.1 49447 .6 - 38.1
3 3.3 0.9 2,4 2.7
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(9)

W/N
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Cirripedia
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B.9 (continued)
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Appendi x B.9 (continued)

Genera 1
Taxonomic Species Cluster Freq N W W/N
G oup nunber (‘no/ba) (g (9)
P. _capillatus 1 5.7 4.3 s 24.4 5.7
2 17.6 18.1 200.1 11.1
3 41.0 18.8 S 200.6 * 10.7
P. confragosus 1 2.9 19.6 S 27.1 1.4
2 11.8 16.5 40.6 2.5
3 37.7 15.4 s 96.4 * 6.3
P. _dali 1 68.6  1125.3 1803.6 1.6
2 92.2 795.6 S 1395.0 1.8
3 83.6 207.2 S 995.6 4.8
P. ochotensis 1 2.9 2.3 25.9 *  11.3
2 29.4 35.8 584.9 *  16.3
3 70.5 98.2 * 1592.6 * 16.2
P. platypus 1 34.3 229.8 3140.9 13.7
2 45.1 118.9 0.0 0.0
3 70.5 29.0 7135.3 * 246.0
Fish A. bartoni 1 2.9 11.9 17.6 1.5
2 17.6 10.3 9.2 0.9
3 29.5 2.4 5.0 2.1
Cyclopteridae 1 45.7 135.0 362.1 2.7
2 43.1 54.5 533.5 9.8
3 59.0 19.0 152.2 8.0
H. jordani 1 37.1 73.4 6031.4 82.2
2 39.2 36.7 1728.7 47.1
3 44.3 10.1 2033.6 201.3
H. elassodon 1 0.0 0.0 s 0.0s 0.0
2 5.9 2.1 303.5 144.5
3 21.3 2.0 s 201.2 s 100.6
H. stenolepis 1 0.0 0.0 s 0.0s 0.0
2 9.8 5.6 13.5 2.4
3 24.6 6.6 s 63.9 S 9.7
Le bilineata 1 11.4 11.3 * 1313.5 * 116.2
2 51.0 130.6 * 2966.1 *  22.7
3 96.7 290.8 * 10917.5 * 37.5

* Values are significantl

the other two clusters (see text).

different, at the 1% | evel, from the val ues of

S Two val ues are marked with this symbol when they differ significantly,
but none of them is significantly different from the third.
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Appendi x B. 10 Fi de||ty to Cluster 1, expressed as the number of stations
at which the species occurs in the cluster over the total
occurrence for the cruise (%.

Speci es May August August  Apri 1 Overal |
P Beamtraw Rock dredge
Sea Anenones 28.2 46. 9 44, 4 21.3 32.5
amurensis 7.4 36. 7 35.2 2.5 16.2
Henricia sp. 75.0 71. 4 76.9 37.8 56.2
L. nanimensis 20.0 42.9 60.0 16.2 29.4
S. droebachiensis 71.4 77.8 62. 3 66.7 67.3
Cucumaria Sp, 60.0 73.3 70.0 53.6 61.3
F. oregonensis 71.4 61.5 62.5 53.7 59.8
Neptunea spp. 10.5 48.8 25.0 7.6 20.1
Nudibranchs 26.5 65.7 48.7 15.5 35.4
Chlamys SP. 62.5 70.8 49.0 41.5 52.0
Mytilidae 80.0 90.0 63.8 40.7 57.9
P. macrochisma 78.3 84.6 70.7 52.9 66.9
Cirripedia 54.5 83.3 78.3 91.7 76.9
Pandalus spp. 18.4 68.4 43.6 30.0 34.7
C. oregonensis 58.6 69.6 62.7 36.4 51.7
Chionocetes Spp. 13.9 26.0 14.8 2.4 12.6
E. cavimanus - 45.8
E. tenuimanus - - 27.0
E. isenbeckii 13.5 32.4 354 6.1 20.0
H yratus 31.0 40. 41.7 21.3 30.8
L. splendescens - - 0.0
O gracilis 46.0 52.0 56.8 27.5 43.5
P. aleuticus . 0.0
P. capillatus 5.5
P. confragosus 3.4
P. dallj 19.7
P. ochotensis - 1.7
P. platypus 26.3 42.9 48.1 15.4 30.7
A. Dbartoni 16.7 42.3 30.0 3.6 21.3
Cyclopteridae 28.6 40.8 50.0 21.6 34.5
H. jordani 12.5 62.5 100.0 21.7 27.0
H elassodon 0.0 26.3 0.0 0.0 8.2
H. stenolepis 0.0 28.0 50.0 0.0 19.4
L. bilineata 7.8 34.5 36.8 4.5 15.9
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Appendi x B.11 Fidelity to Cluster 2, expressed as the number of stations
at whi'ch the species occurs in the cluster over the total

occurrence for the cruise (%)-.

Species May August August  April Qveral 1
Beam traw Rock dredge
Sea Anenones 23.1 9.4 37.8 33.3 28.3
amurensis 25.9 20.0 45.9 41.8 36.4
Henricia Sp. 0.0 14.3 15.4 48.9 31.5
L. nanimensis 20.0 14.3 35.0 32.4 26.6
S. droebachiensis 23.8 11.1 29.0 12.5 20.6
Cucumaria sp. 40.0 20.0 20.0 39.3 31.1
F. oregonensis 14.3 0.0 20.8 22.0 17.4
Neptunea Spp. 18.4 7.3 0.0 19.7 15.4
Nudibranchs 18.4 14.3 33.3 22.4 22.1
Chl anys sp. 20.8 8.3 41.2 45*3 34.2
Mytilidae 20.0 10.0 31.9 55.6 38.9
P. macrochisma 13.0 7.7 22.4 37.3 24.8
Cirripedia 27.3 16.7 17.4 8.3 17.3
Pandalus spp. 15.8 21.1 43.6 27.5 27.8
C. oregonensis 20.7 4.3 26.9 39.8 29.0
Chionocetes Spp. 20.8 20.0 37.0 26.8 24.7
E. cavimanus - 45.8 .
E. tenuimanus - 47..6 -
E. isenbeckii 29.7 32. 4 41.7 36.4 35.7
H lyratus 20.7 15.0 45.8 36.2 32.2
L. splendescens - - - 25.0 -
O. gracilis 26.0 22.0 27.2 41.2 1.1
P. aleuticus - - - 20.7
P. capillatus : - 24.9
P. confragosus 20.0
P. dalli - 19.7
P. ochotensis - 25.4 -
P. platypus 15.8 5.7 38.9 29.5 25.4
A. bartoni 26.7 3.9 40.0 32.1 23.4
Cyclopteridae 28.6 20.4 34.0 29.7 28.4
H. Jjordani 28.1 0.0 0.0 33.3 26.1
H. elassodon 20.0 0.0 0.0 18.8 13.1
H. stenolepis 71.4 48.0 0.0 25.0 35.5
L. bilineata 27.5 25.5 31.6 29.2 28.0
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Appendix B.12 Fidelity to Cluster 3, expressed as the number of stations
at which the species occurs in the cluster over the total
occurrence for the cruise (%.

Speci es Mh August August  April Overal 1
P / Beam trawl Rock dredge

Sea Anenones 48.7 43.8 17.8 45.3 39.3
A. amurensis 66.7 43.3 18.9 55.7 47.4
Henricia sp. 25.0 14.3 7.7 13.3 12.4
L. nanimensis 60.0 42.9 5.0 51.5 44.1
S. droebachiensis 4.8 11.1 8.7 20.8 12.1
Cucumaria sp. 0.0 6.7 10.0 7.1 7.5
F. oregonensis 14.3 38.5 16.7 24.4 22.8
Neptunea Spp. 1.1 43.9 75.0 72.7 64.4
Nudibranchs 55.1 2000 17.9 62.1 42.5
Chlamys sp. 16.7 20.8 9.8 13.2 13.8
Mytilidae 0.0 0.0 4.3 3*7 3.2
P. macrochisma 8.7 7.7 6.9 9.8 8.3
Cirripedia 18.2 0.0 4.4 0.0 5.8
Pandalus spp. 65. 8 10.5 12.8 42.5 37.5
C. oregonensis 20. 7 26.1 10.4 23.9 19.3
Chionocetes sSpp. 65. 3 54.0 48.1 70.7 62.8
E. cavimanus - . 18.8 .
E. tenuimanus - - - 25.4

E. isenbeckii 56.8 35.3 22.9 57.6 44.3
H. lyratus 48. 45.0 12.5 42,6 37.0
L. splendescens : - 75.0 -
0. gracilis 28.0 26.0 16.0 31.4 25.4
P. aleuticus : 79.3

P. capillatus 69.5

P. confragosus 76.6

P. dalli - 41.8

P. ochotensis : 72.9

P. platypus 57.9 51.4 13.0 55.1 43.9
A Dbartoni 56. 6 53.8 30.0 64.3 55.3
Cyclopteridae 42,8 38.8 1600 48.6 37.1
H. jordani 59.4 37.5 0.0 45.0 46.8
H. elassodon 80.0 73.7 100.0 81.3 78.7
H. stenolepis 28.6 24.0 50.0 75.0 45.2
L. bilineata 64.7 40.0 31.6 66.3 56.1
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Appendix B.13 Discussion of clustering techniques and use of data relative
to Section 3.

Substrate assessment

Although the SSS was very ef fective in giving a general “picture” of
the sanpling area, intrinsic problens like the transverse and vertical
resolution made it difficult to establish the nature of the finer
substrates. Rocky areas with large cobble and boul ders, pinnacles and even
flat rocky shelves appeared clearly on the nonographs but difficulties
arose when interpreting the substrate of areas with a “smooth”, relatively
uniform echo trace. Since the transverse resolution was 26 cm these areas
could have ranged from mud-sand to small cobbl e, including various amounts
of shellhash. Inpractice, however, substrate larger than gravel was very
seidom found to be present at these areas. Van Veen and Shipek grabs,
along with observation of the substrate caught in the fishing gear were the
main basis for the assessment of sand, gravel and shellhash areas. Gab
sanples probed a very small area and their effectiveness over gravel and
cobble is questionable. Substrate trapped in the fishing gear reflects the
conposition over a greater area, but it is inpossible to tell whether
certain substrate was uniforny distributed or came from discrete |ocations
along the traw line. This question is particularly inportant to the
di sposition of shellhash, which divers reported occurs in patches nearshore
of St. Paul Island.

Another difficulty is that there is no indication of the anmounts of
substrate on the bottom i.e., the thickness of a gravel layer which could
have been washed out of the net or depth of a shellhash | ayer. For these
reasons some misclassifications of stations and substrate may have
occurred. Nevertheless, Figures 2.9 and 2.10 represent fairly well the

general distribution of the different substrates found around the islands,
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although limits are not clear cut and some areas are not as homogeneous as
the figures may suggest.

Cluster analyses

Nunerical classification and conputer programs greatly increase the
power of data analyses and at the same tine avoid subjective biases. This
is particularly true for the analysis itself and the clustering process
where mathematical fornmulas precisely establish the relationship between
the different entities {stations), give an exact measure of their
simlarity and organize them according to a fixed hierarchical method.
However, there are a nunmber of steps before and after the analyses where
decisions nust be made by the researcher which conpromise the objectivity
the nethod tries to ensure. Choice of data and strategies, along with the
interpretation of the results lay with the investigator who nust set
somewhat arbitrary limts and use personal judgment.

Choice of Data
The choice of data involved two processes independent from each other:

1) the choice of species to be used in the analyses; and 2) the selection
of an attribute to characterize these species.

There are no uniform criteria among biologists on whi ch to base
selection of the species to be considered. Several authors have used an
arbitrary limt on the frequency of occurrence, and all species found |ess
frequently are discarded. The reason for this IS because species which
occur only once or at very few stations cannot contribute nuch to an
overal | distribution pattern or help to characterize communities, in the
sense that community is defined in this study. The cutoff point can not be
too high as to exclude most of the species because, as pointed out by Day

et al. (1971), rare species could be very selective of environnental
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conditions and thus better indicators than common Speci es, which tolerate a
wide range Of conditions. Also, there will be species that, although they
occur very frequently, do so in a random way and independently from ot hers,
and therefore contribute little to the definition of the comunity
distribution pattern. Willams and Stephenson (1973) proposed a method
based on the sum Of squares of the difference between the nunber of a given
species and'the mean number of the species found at one site, for all
possible site pairs. This nethod was tried unsuccessfully ana finally an
arbitrary limt of 3.5% of occurrence for each cruise was used to reduce
the nunber of species. After prelimnary analyses, further reductions,
based on abundance and fidelity to cluster group, discarded some species of
wi despread random distributions.

Among the attributes used to characterize species, presence/absence .
the sinplest one and it has been used mainly in taxonomic Studies. In
ecol ogy, however, it is agreed that this binary coding |oses inportant
information and gives undue inportance to the extremes of the range of a
species.  Numbers and weights are nmore appropriate measures for community
studies and of the two, numbers are nore easily obtained. Cifford and
Stephenson (1975) stated that if weights are to be used, it iS
theoretically desirabl e that they be as biomass dry weight, excluding inert
material, and Field and MacFarlane (1968) stated that the extra |abor of
wei ghing should not be undertaken unless justifiable.

Nunbers were used in this study, standardized to counts/ha swept by
the fishing gear to elimnate differences in tow ng distances and gear
widths. Weights given in Table 3.4 and Appendices B.7 and B.9 in g/ha,
refer to wet weights and although they were not used in the analyses, they
were very helpful for interpreting the results, particularly when habitat

preferences changed with life history stage, as in the case of the blue
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king crab.

Simlarity Measures
A variety of formulas have been devel oped by several authors to give a

measure of simlarity (or dissimlarity) between entities, both in
taxonomic and ecol ogi cal works. Sonme of these neasures were developed for a
particular set of data and are restricted in their use. Qthers have been
more accepted ana widely used in various works. O these neasures, the
Bray-Curtis and the Canberra metric dissimlarity nmeasures have been nost
commonly used in benthic ecol ogy (Field, 1969; Day et al, 1971; Carter,
1978; Chance and Deutsch, 1980; WAl ters and McPhail, 1982; Davis et a?,
1983; Holt and Strawn, 1983).

If nis the number of attributes (species) and xij and x2j (no/ha)
are the values of the jth attribute for any pair of entities (sites) then

these coefficients are:

Bray-Curtis S, X1 - x2j

Z (X1j + X2j)

Canberra metric 1 7 X1j - X2j
n

A

(X1j + X2j)

The Canberra metric is a sum of fractions and therefore outstanding
values only contribute to a fraction of the summation and therefore give a
| ower dissimlarity index, suggesting the sites are nore simlar. A so,
when x1j and X2j are both zero, the fraction is taken to be zero, adding

nothing to the sunmation but |owering the index since the divisor (n)is
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increased. Stations with few species in common will appear to be less
dissimlar when neasured by the Canberra netric than when nmeasured by the
Bray-Curtis coefficient. Nevertheless, in the earlier stages of this
research both neasures were tried before deciding for the Bray-Curtis
coefficient.

Clustering Strateqy

Again, several clustering strategies available to the researcher bring
in an element of subjectivity to the analyses, although some properties of
the different strategies may influence the decision on a particular case
Sone strategies are “space contracting”, others are “space dilating” and
the remainder are “space conserving”. In a space contracting strategy, the
chance that an individual element will add to a group already fornmed,
rather than act as the nucleus of a new group, is increased and the system
Is said to “chain”. In a “space dilating” strategy, individual elements
not yet in groups are more likely to produce groups of peripheral elements.
Space contracting strategies are weakly clustering, giving “chains” of
entities and are not of great conceptual value; space dilating strategies
are strongly clustering and are of considerable conceptual value (Clifford
and Stephenson, 1975).

Another desirable property in a clustering strategy is the dependence
on groups properties prior to fusion. Some strategies, like nearest and
furthest neighbor, only consider two entities (one in each group) to decide
whether to fuse two groups. Cthers, such as group average, compares average
values of the two groups to be fused together.

Flexible sorting, proposed by Lance and Wlliams (1967), has allthe
desired properties plus a variable clustering intensity according to the B
coefficient. During the prelininary analyses, several values of B were

tried before deciding for a value of -0.5.
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Interpretation of the Results

With so many combinations of similarity measures and clustering
strategies, it has been argued that nethods are being chosen on a
subjective basis to give the results that investigators have already
conceptual i zed. There is some truth to this criticism but it is also true
that some rational and objective criteria can be established with which the
researcher picks a “better” nethod. In ecological works, these criteria
can be of two kinds: one refers to intrinsic characteristics of the groups
formed and the other to the way extrinsic attributes are reflected in the
classification (Clifford and Stephenson, 1975). In the first case, two way
tables are nost useful for spotting msclassifications and patterns of
constancy ana fidelity. Msclassifications certainly will occur since we
cannot expect two species to have exactly the same distribution, but
methods yielding too many of them i.e., site groups with a series of |ow
val ues where high ones are domnant, does not make nuch ecol ogical sense.
Constancy and fidelity tables for individual species are also very helpful
when examining the results and deciding on cut off Tevels of dissimlarity.
As dissimlarity increases, more groups are fused together and reference to
these tables, along with extrinsic characteristics of the group forned,
give useful information as to whether to truncate the dendrograms. The
dissimlarity level for truncation does not have to be unique across the
dendrogram  For the May and April Crui ses, dendrograms Were truncated at two
different levels since the groups thus formed gave a “better”
classification in the sense that geographical distributions of the stations
in the ces had more correspondence to substrate patterns. Also, Species
founa at the stations within a ¢6 had better overall fidelity and constancy

val ues.
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Extrinsic characteristics, |ike geographical distribution and
substrate characteristics of the stations within different clusters nust be
carefully considered. Wen a method produces groups with mxed geographical
distributions, the results nust be viewed with skepticism unless other
environmental factors with simlar distribution can explain the
heterogeneity. Substrate characteristics of the station groups were an
important parameter i n this study and always considered when analyzing
different dendrograms. Chi square tests (Table 3.3) showed a significant
difference between the bottomtypes of CG 1 and 3 that matched the
geographical distribution of those stations and the substrate patterns
around the islands.

Statistics

Exami nation of Table 3.4 and Appendices B.7 to B.9 show that while
some species were caught al most .exclusively at the stations in one of the
clusters, others were more uniformy distributed across two or all three
clusters and at conparable densities or frequencies. Wether these nunbers
are due to sanpling variability or whether they reflect true differences in
distribution and abundance would require a statistical test, but no such
method has been devel oped to neasure expected values or probabilities of
random differences in this kind of numerical classification. Instead, an
ANOVA and pairwi se Student t-tests were performed with averages of the
no/ha and g/ha at each cluster. The attribute used to define the clusters
shoul d not be used as the basis for a between-groups test of significance
since the differences have been optimzed. However, the clustering nethod
groups stations according to their simlarity when all species used in the
anal yses are considered. As stated before, sone of these species may have a

wide distribution and therefore will not have a considerable effect on the

classification. In such cases, we can not expect their nunbers (or weights]
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to be very different between the groups. In this sense, a t-test provided a
measure of the extent to which an individual species contributed to define
a cluster group.

The t-test, however, was designed to test whether two sanple
statistics, xiand X2, are likely to have come fromthe same population. If
three sanples are taken from the sane popul ation, three pairs of t-tests
are possible and the probability of a Type | error (wongly concluding that
two of the means estimate different paraneters) is increased. Wth 20 neans
to be tested, this probability is 92 % (zar, 1974). Since only 3 means were
t ested (average no/ha and g/ha at each of the 3 cluster groups for each
trip) and values chosen for two means to be considered significantly
different was 0.01, the overall probability of comiting @ Type | error was
probably less than 5 %, a value W dely accepted in statistical works. Non-
parametric tests, 1like the Mann-Wiitney test, are “distribution free” and
hence nmore appropriate when the assunptions of the t-test are severely
violated, but large nunber of zeroes yield tied ranks which dimnish the
power of the test considerably, despite the corrections usually used in’
these cases (Zar, 1974).

For these reasons, probability values given by the test are biased and
they nust be regarded carefully. Significant differences showed in Table
3.4 and Appendices B.7 to B.9 nmust be considered as show ng values with a
low (but unknown) probability of occurrence and therefore are useful as
an indicator of possible differences but not as a true statistica

probability.
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Appendix C.4 Strata groupings, areas, and sample sizes for blue King crab
population estimates by rock dredge and beam trawl gear for three

cruises. Numbers given are tows with crab/total tows.
Blue XingcCrab Population Estimate
Rock Dredges Beam Trawls
May Aug Apri 1 May Aug Apri 1
Stratum (\M 2, Total Tows Total Tows
1 480 1/6* 13/28 4/9 1/5* 1/6* NS
2 449 3/5 19/23 4/11 4/6 8/18 13/17
3 499 0/1 1/5* 2/5 17/24 11/12 21/23
4 232 2/5 8/17 5/12 2/8 0/7 0/3
SP Sub Total 1660 6/17 41/73 15/37 24/43 20/43 34/43
5 978 1/2* 1/1* 0/2 9/23 14/17 14/20
SG Sub 6 808 3/6 13/24 10/27 1/n* 2/11 3/16
Total 3446 10/25 55/98 25/66 34/77 36/71 51/79
12/27 479 0/2 /5% NS
21 . 147 3/5 19/23 4/11 1/2* 8/17 8/11
31 120 0/1 1/4* 2/5 9/14 5/6 14/ 15
41 118 2/5 8/17 5/12 2/8 0/7 0/3-
SP Sub 530 6/17 40/71 15/37 12/26 14/35 22/29
SG Sub 61 230 3/5 12/19 9/24 1/8* 2/10 3/13
Total 810 9/22 52/90 24/61 13/34 16745 25742
122 563 0/1 1/3 1/5* 12/18 11/18 26/30
123 200 0/2 1/7 0/2 2/6 1/6 0/2
125 70 0/5 8/25 2/10 0/1 0/3 NS
128 23 0/1 6/9 0/2 1/1* 0/5 0/1
135 48 6/8 25/29 12/18 1/3* 8/11 /7
SP Sub 904 6/17 41/73 1 5/37 16/29 20/43 33740
115 976 1/2* 1/71* 0/2 8/19 13/16 15/22
102 260 0/1 NS 0/3 0/3 0/1 3/5
105 33 1/1* 0/2 1/1* NS NS NS
110 13 NS 0/1 0/1 0/1 0/1 0/2
114 67 2/4 13/18 9/20 113* 2/5 0/5
SG_Sub 373 3/6 13/21 10/25 1/7* 2/7 3/12
Total 2253 10/25 55/95 25/64 25/55 35/66 51774
SP 15-40 M 83 1/9* 9/29 4/16 1/6 0/8 1/4
40-60 445 4/5 27/37 8/13 15/24 10/23 16/19
SP Sub Total 528 5/14 36/26 12/29 16/30 10/31 17/23
SG 15-60 M 79 3/3 11/16 7/13 0/2 0/2 0/3
60-80 223 0/2 2/5 2/10 1/6* 2/5 3/8
Total 830 8/19 49/87 21/52 17/38 12/38 20/34

* Low sample size
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Appendix C.5 Carapace length frequencies of blue king crab collected in
May and August 1983 and April 1984 by beam trawls within all
strata of the sediment strata configuration. Population
estimate (PE) in millions of crab, number of stations with
crab/total number of stations sampled (n+/n), and percentage
of the total population that were adults are also given.
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Appendix C.6 Carapace length frequencies of blue king crab collected in
May and August 1983 and April 1984 by beam trawls from
Stratum 115, the inter-island sandy plain. Population
estimate (PE) in millions of crab, number of stations with
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Appendix C.7 Juvenile Paralithodes platypus distribution and abundance, May 1983, expressed as

number of juvenile crab/hectare. Solid bars indicate rock dredge and stiped bars
are beam trawl catches.
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Appendix C.8 Juveniles Paralithodes platypus distribution and abundance, April 1984, expressed
as number of juvenile crab/hectare caught by rock dredges only.
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Appendix C.9 Population estimates for Paralithodes platypus juveniles in
May 1983 by strata. Separate estimates, expressed as number
of crab x 106, are given for each gear; RD = rock dredge,

BT = beam trawl. Estimates for nearshore strata 11-41 and 61
can be compared to the island totals figured for both the

sediment and depth strata.
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Appendix C.10 Population estimates for Paralithodes platypus juveniles in
April 1984 by strata. Separate estimates, expressed as
number of crab x 108, are given for each gear; RD = rock
dredge, BT = beam trawl. Estimates for nearshore strata
11-41 and 61 can be compared to the island totals figured
for both the sediment and depth strata.
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Appendix C.11 Population estimates of juvenile blue king crab caught by rock dredges in May and

August 1983 and April 1984 -- geographical strata.

Values given are millions of crab.

Mav August Apri 1
Pop . Pop . Pop .
Stratum Estimate Estimate Estimate
t oo ¥ 2SE ! osE
1 46.2 118.7 59.0 44 .5 24.9 35.2
2 153.6 323.3 320.6 255.1 62.1 71.9
3 0 2.3 6.2 76.1 191.7
4 _ 6.8 ___148 ____ _ __ 15.9 A~ - | __as BT -
Sub Total SP 206.6 ~ 322.3 397.7 258.7 167.6 -~ ~
5 33.2 226.8 --
66 50.5 62.9 264.5 2 2 0 4 - 436 44 2
— TTotal 290.3 322.2 _ 889.0 331.3 W2 207.5
11 13.9 35.9 16.8 14.0 7.5 10.9
21 50.5 106.1 105.3 82.5 20.4 23.6
31 0.7 2.1 18.2 52.7
41 - _ _ 15 _ _ _ __ - 8.1 6.5 — - _ _ ___ - __ . 2.3 3.4
Sub Total SP T “6%:; 130.9 - 48.4
61 19.1 24.9 104.9 102.6 _ _16.8 17.2
Total 86.9 106.8 235.8 117.6 65.2 53.6
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Appendix C.12 Population estimates of juvenile blue king crab caught by rock dredges in May and
August 1983 and April 1984 -- sediment and depth strata.

Values given are millions of

crab.
May August April
Pop . Pop . Pop .

Stratum Estimate T 2SE Estimate + 2SE Estimate & 25E
122 - 4.2 18.3 2.1 6.6

123 - 1.5 3,7 ==
125 -- 2.7 3.5 0.5 0.9

128 -- 5.0 3.7 --
135 14.7 19.5 30.1 21.8 7.8 5.6

SP Sub Total 14.7 19.5 43.5 28.9 10.4

115 33.1 226.9 --

102 -- NS --

105 4.0 == 2.7

110 NS -- --
114 4.3 7.8 29.3 23.9 4.6 5.0

$6 Sub 8.3 7.9 29.3 23.9 7.3
_ Tota 1 56.1 433.7 299.7 35.1 17.7 9.0
SP 15-40 12.6 29.8 1.5 1.3 4.9 7.8
40-60 86.1 127.8 239.1 158.5 55.9 59.6

SP Sub Total 98.7 240.6 60.8
S6 15-60 9.9 1.7 38.3 31.5 8.2 9.0
__-60-90 - _ B.5_ 10.2 0.9 1.4
_Total 108.6 132.5 284.3 160.6 69.9 60.2




Appendix C.13 Population estimates of blue king crab (proportion of adults given) caught by beam trawls in May

6S¢

and August 1983 and April 1984 -- geographical strata. Values given are millions of crab.
Population estimates for juvenile crab are derived by 1.00 - Proportion of adults x Population
estimate.
May Auqust Apri |
Pop. Estimate Proportion  Pop. Estimate Proportion  Pop. Estimate , 2E Proportion
Stratum ¥ 2sE Adults - 2SE Adults Adults
! 1.6 4.3 1.0 0.6 1.8 0 NS -
2 4.0 5.0 0.67 3,9 3.0 0 14.5 9.9 0.43
3 5.7 2.3 0.61 4.6 3.8 0.07 6.6 2.7 0.12
4 0.3 0.4 0.63 0 0 -
SP Sub Total 11.6 6.0 9.1 21.0
5 3.6 2.8 0.63 4.0 1.8 0.44 7.6 4.8 0.21
6 6.3 14.1 0 . 1.3 2.0 0 0.7 1.1 0.17
__Total 21.5 14.8 0.47 14.4 5.2 n.16 29.4 11.1 0.28
n 0 0.2 0.8 0 NS
21 0.3 4.2 0 1.4 1.0 0 4.2 4.5 0.49
3l 1.0 0.6 0.51 0.8 0.9 0.06 1.6 0.7 0.13
41 0.1 0.3 0.63 0 0
SP Sub Total 1.4 2.4 5.8
a1 2.. 7 6.5 0 0 5 0.3 0 0.3 0.5 0.18
" Total 4.2 6.5 0.14 2.8 1.5 0.02 6.1 4.6 0.38
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Appendix C.14 Population estimates of blue king crab (proportion of adults given) caught by beam trawls in May
and August 1983 and April 1984 -- sediment and depth strata. Values given are millions of crab.

May August Apri 1
Pop . Proportion Pop . . Proportion Pop . Proportion
Stratum Estimates t 2sE Adults Estimate - 2SE Adults Estimate T oosE Adults
122 6.3 3.2 .55 4.7 3.5 0.21 9.5 4.9 0.20
123 0.3 0.5 1.0 0.3 0.7 0 0
125 0 0 NS
128 0.4 1.0 0 0
135 0.1 0.8 0 0.7 0.5 0 2.2 2.2 0.48
SP Sub Total 7.1 K| 0.60 5.7 3.5 0.18 11.7 0.26
115 3.3 2.7 (-).50 4.1 1.9 0.46 8.2 5.0 0.17
102 0 0 0.7 1.5 0.17
105 Ns NS NS
110 0 0 0
114 1.9 8.3 0 0.2 0.5 0 0
SG_Sub Total 1.9 8.3 0 0.2 0.5 0 0.7 1.5 0.17
Total 12.2 12.0 0.46 10.0 3.9 0.29 20.6 ~ 7.1 0.22
SP 15-40 M 0.3 0.9 0.75 0 0.1 0.1 0
40-60 4.4 2.0 0.78 3.5 2.2 0.01 13.0 9.0 0.41
SP Sub Total 4.7 3.5 9.01 13.1
SG 15-60 0 0 0
60-90 3.2 8 .9 0 0.8 1.6 0 0.4 0.6 0-18 _
Total 7.9 8.7 0.43 4.3 2.6. 0.01 13.5 8.9 0.41
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Appendix C.15 Population estimates for Paralithodes platypus adults by sex
and strata for beam trawl data 1n August 1983. Estimates
are expressed as millions of crab. -
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Appendix C.16 Population estimates for Paralithodes platypus adults by sex

and strata for beam trawl data in April 1984. Estimates are
expressed as millions of crab.
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Appendix C.17 Adult blue king crab population estimates from sediment and depth strata, 1983-84, by sex, as
taken by beam trawls. Values given are millions of crab.
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Appendix D.1

Larval Korean hair crab whole body dry weight analysis, May

1983. Mean values reported in milligrams (mean 1 SD).
Stage | Stage 11 Stage ||| Stage IV
Dry weight 161 + .034 .144 + _038 .343 .062 .496 + .123
n .11 n=3 n=9 n =17
Ash weight .081 + .025 .066 *.020 112 + .029 .162 = .046
% ash 50.5 * 13.1 46.7 £+ 1.5 32.7 6.0 33.1 + 8.4
Ash free .080 = .027 .078 £ .019 .232 .052 .335 + .106

* Larvae that comprised these samples were taken from samples collected
along the north Aleutian Shelf at the end of the May cruise.



SPECIES 69400 ALL STRAT &

ER| MACRUS[SENBECK |

KOREAR HORSEHAIR CRAD

1983 MAT KHC SECIMENT STRAT A, ROCX OR

E0CES
MEAN LENGTH . S . 6

T0TAL
1004
PE - 29.0 :12.9
904
804
o] n+/n = 5/25
—
z 60
W
Q50
x
W 40
& 30}
22
o]
sl IS 4
a + '
[+] t 2 3 4 S 6 r a 9 1Q 1 12 13 K] Is 16 7 18
SPECIES 69400 ALL STRATA
ERIMACRUS | SENBECKI |
KOREAN HORSE mA [R CRAS
éggg;uc XKMC SECIMENT STRAT A. RQCK O R
MEAM LENGTH . 0.7 TOTAL -
20 PE = 225.0 = 198.3
60-
nt/n 47/95
S04
‘5 40
&
bt 30
o
20
104
o drrbbbiersneled. .
[} 1
2 3 4 5 [ 7 [] 9 10 1t 12 13 14 18 1] (¥4 18
s:!zmgg 29499 ALl STRaT
§ MA "
§0AEAR HORSEHARCthhe
1904 APRIL.XMC. SEDI MENT STRATA. RO
MEAN LENGTH . |. S ToTAL
a0+ PE = 26.2 + 24.4
4
3s4
331 n+/n = 19/64
Z 2.
S
u <04
=4 4
ElLd
104
1
LE]
01 il hLl Lal |
0 1 2 3 4 s 6 ? ] 9 (1] h] 12 '3 14 15 18 4 e

WIDTHS (cm)

Appendix D.2 Carapace length frequencies of Korean hair crab collected in
May and August 1983 and April 1984 by rock dredges within all
strata of the sediment strata configuration. pgpulation
estimate (PE) in millions of crab and number of stations with
crab/total number of stations sampled (n+/n) are also given.
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Appendix D.3 Carapace length frequencies of Korean hair crab collected in
May and August 1983 and April 1984 by beam trawls within all
strata of the sediment strata configuration. Population
estimate (PE) in millions of crab, number of stations with
crab/total number of stations sampled (n+/n), and percentage
of the total population that were adults are also given.
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Appendix D.4 Mean densities of juvenile Korean hair crab by sediment, May
Sample size (number of tows with crab/total

1983-April 1984.

number of tows) and mean density (crabs/ha,) * 2 SD are given.

Data for rock dredges.

May 1983 August 1983 April 1984
Sediment Type Sample Sample Sample
(Stratum Number) size Density size Density size Density
Sand (122 + 123) 0/3 0 .2/10 15 + 47 0/7 8 = 20
Rock (125) 1/5 161 * 361 5/25 77 + 207 2/10 31 + 66
Gravel-Cobble (128) 1/1 724 9/9 12924 + 29204 2/2 544 + 490
Shelthash (135) 2/8 309 t 715 24/29 1326 * 1604 13718 1138 + 2073
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Appendix D.5

May 1983 by strata.

Population estimates for_Erimacrus isenbeckii juveniles in

Separate estimates,

expressed as number

of crab x 10°, are given for each gear; RD = rock dredge, BT
Estimates for nearshore strata 11-41 and 61
can be compared to the island totals figured for both the
sediment and depth strata.

= beam trawl.
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Appendix D.6 Population estimates for Erimacrus isenbeckii juveniles in
April 1984 by strata. Separate estimates, expressed as
number of crab x 108, are given for each gear; RO = rock
dredge, BT = beam trawl. Estimates for nearshore strata
11-41 and 61 can be compared to the island totals figured for
both the sediment and depth strata.
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Appendix D.7 Strata groupings, areas,

and sample sizes for Korean hair crab
population estimates by rock dredge and beam trawl gear for three

cruises. Numbers given are tows with crab/total tows.
Rock Dredges Beam Trawls
May August April May August Aory 1
Total Hgea P A
Stratun (NM)E Positive Tows Positive Tows
Total Tows Total Tows
! 480 2/6 17/28 7/9 1/5* 2/6 NS
2 449 2/5 14/23 4/11 4/6 13/18 14/17
3 499 0/1 3/5 1/5* 19/24 8/12 18/23
4 232 1/5* 10/17 7/12 7/8 477 2/3
SP Sub Total 1660 5/17 44/73 19/37 31/43 27/43 34/43
5 978 0/2 0/1 0/2 9/23 3/17 8/20
56 Sub 6 808 0/6 4/24 0/27 1/11* 1/11* 5/16
Total 3456 5/25 48/98 19/66 41/77 31/71 47/79
1 145 2/6 16/27 7/9 0/2 2/5 NS
21 147 2/5 14/23 411 2/2 12/17 9/11
31 120 0/1 2/4 1/5* 12/14 5/6 13/15
4 118 1/5* 10/17 7/12 7/8 4/7 2/3
SB Sub Total 530 5/17 42/71 19/37 21/26 23/35 24/28
61 280 0/5 3/19 0/24 0/8 1/10* 4/13
Total 810 5/22 45/90 19/61 21/34 24/45 28/42
122 563 1/1* 2/3 I/5* 13/18 15/18 24/30
123 200 0/2 3/7 0/2 5/6 3/6 1/2*
125 70 1/5* 6/25 2/10 0/1 0/3 Ns
128 23 1/1* 9/9 2/2 1/1* 2/5 1/1*
135 48 2/8 24/29 14/18 3/3 9/11 /7
SP Sub Total 904 5/17 44/73 19/37 22/29 29/43 33/40
115 976 0/2 0/1 0/2 8/19 3/16 9/22
102 260 0/1 NS 0/3 0/3 0/1 2/5
105 33 0/1 0/2 0/1 Ns NS NS
110 13 NS 0/1 0/1 0/1 0/1 1/72*
1 1 4 67 0/4 3/18 0/20 0/3 1/5* 1/5*
SG Sub Total 373 0/6 3/21 0/25 0/7 1/7* 4/12
Total 2253 5/25 47/95 19/64 30/55 33/66 46/74
SP 15-40m 83 3/9 9/29 5/16 2/6 4/8 3/4
40-60 445 2/5 31/37 8/13 22/24 17/23 17/19
SP Sub Total 528 5/14 40/66 13/29 24/30 21/31 20/23
SG 15-60m 79 0/3 3/16 0/13 0/2 0/2 2/3
60-80 223 0/2 0/5 0/10 0/6 1/5* 2/8
Total 830 5/19 43/87 13/52 24/38 22/38 24/34

* Low sample size
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Appendix D.8 Population estimates of Korean hair crab caught by rock dredges in May and August 1983
and April 1984 -- geographical strata.

Values given are millions of crab.

May August Apri 1
Stratum X 10°crab f 2SE X 10°crab  + 2SE X 106 crab . 2SE
1 31.7 53.9 816.0 1082.7 315.4 347.3
2 271 776 175.7 114.8 22.0 40.2
3 h “19.3 43.0 5.8 18.5
4 32.5 103.2 51.3 53.0 21.2 18.5
SP Sub Total 01.3 101.8 106.3 108.7 364.4
5 0 0 0
6 0 9.9 10.5 0
Total 91.3 101.8 1072.1 108.8 364.4 350.5
11 9.6 17.5 2544 339.2 95.1 107.5
21 8.9 25.5 57.7 37.7 7.2 13.0
31 0 5.0 13.1 1.4 4.4
11 16.6 45.9 26.2 27.0 10.8 9.5
SP Sub Total 35.1 343.3 114.5
61 0 3.0 3.8 0
Total 35.1 475 346.3 341.6 174.5 106.2




Appendix D.9 Population estimates of Korean hair crab caught by rock dredges in May and August 1983

cLe

and April 1984 -- sediment and depth strata. Values given are millions of crab.
May August Apri 1
POP . POP . nod .
Stratum Estimate + 2SE Estimate + 2SE Esti ate + 2SE
X 106 crab ( 106 crab - ( 10%crab
122 14.3 9.0 19.5 2.1 6.6
123 0 84.5 144.9 0
125 3.9 1.6 1.5 0.8 1.1
128 5.7 104.3 172.5 4.3 34.5
135 5.1 10.3 24.7 11.9 19.0 17.1
SP Sub Total 29.0 12.9 2242 198.3 26.2 24.4
115 0 0 0
102 0 NS 0
105 0 0 0
110 NS 0 0
114 0 0.8 0
SG Sub Total 0 0 0
Total 29.0 12.9 225 - 198.3 26.2 244
SP 15-40m 6.2 7.7 4.1 3.1 2.9 4.1
40-60m 64.6 196.5 707.4 748.9 1.2 225.7
SP Sub Total 70.8 711.5 174.1 225.9
S6 15-60 m 0 1.1 1.4 0
60-90 m 0 0 0
Total 70.8 171.6 712.6 748.8 174.1 225.9
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Appendix D.10 Population estimates of Korean hair crab caught by beam trawls in May and August 1983 and April

1984 -- geographical strata. Values given are millions of crab.
May August Apri 1
Pop . Pop . Pop .
Stratum  Estimate + 2SE Proportion  Estigate + 2SE Proportion  Estipate + 2SE Proportion
X 10°crab - Adults X 10 crab - Adults X 0 crab - Adults
1 2.3 6.5 0 15.0 32.6 .04 NS
2 3.7 4.8 51 5.7 3.6 52 4.3 2.5 A4
3 5.4 2.3 .73 5.7 54 .2a 2.5 1.1 .43
4 7.2 5.4 .39 4.5 8.5 .28 3.9 8.6 .26
SP Sub Total 18.7 8.4 .46 30.9 34.7 .21 10.7 .37
5 3.4 2.6 .25 1.0 1.6 .13 0.9 0.6 .52
SG Sub Tot.6 3.2 7.0 0 2.4 5.3 .33 1.5 1.7 .46
Total 25.2 10.7 .38 34.3 33.6 21 13.0 10.9 .40
n 0 5.4 12.7 .04 NS
21 0.7 3.9 .52 1.9 1.2 .51 1.6 1.3 .33
31 1.9 0.8 .78 2.3 2.9 .23 0.7 0.4 .35
41 3.7 2.7 .45 2.3 4.4 .26 2.0 4.4 .25
SP Sub Total 6.3 2.9 .56 11.9 0.19 4.3 .30
SG Sub Tot.61 0 0.8 1.9 .33 0.6 0.7 .43
Total 6.3 2.9 .56 12.7 13.1 .20 4.9 5.3 .27




Appendix D.11 Population estimates of Korean hair crab caught by beam trawls in May and August 1983 and April

vLe

1984 -- sediment and depth strata. Values given are millions of crab.
Flay August Apri 1
Pop . Pop . Pop .
Stratum  Estipate + 25E Proportion Estimte + 2SE Proportion Estimate + 2SE Proportion
K1 crab Adults ( 19 crab - Adults 10°crab Adults
122 6.2 3.4 .67 5.8 3.9 .43 2.9 0.9 .49
123 4.1 4.7 .18 5.8 13.6 .08 2.8 .30
125 0 0 NS
128 0.6 0 0.2 0.3 .13 0.5 .20
135 2.2 4.0 0 1.3 1.1 .43 0.8 0.7 .36
SP Sub Total 13.0 5.9 57 131 27 6.9 .38
115 3.0 2.4 26 1.1 1.7 13 1.4 1.3 ,48
102 0 0 0.5 1.1 1.00
105 NS NS NS
110 0 0 .01 0.2 1.00
114 0 0.4 1.2 .33 0.2 0.6 0
SG Sub Total 0 0.4 1.2 .33 0.7 .12
Total 16.0 6.3 .55 14.6 14.7 .24 9.0 37.3 A2
SP 15-40 m 0.3 0.8 1.00 0.3 0.4 .56 0.7 1.8 .15
40-60 m 8.2 3.6 .56 11.4 7.6 27 4.1 2.3 .49
SP Sub Total 8.5 .58 11.7 .29 4.8 .44
SG 15-60 m 0 0 0.6 1.5 .30
60-90 m 0 1.4 4.1 .33 0.1 0.2 1.00
Total 8.5 3.7 .58 13.1 8.4 28 5.5 2.7 .44
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Appendix D.12 Adult Korean hair crab population estimates from sediment and depth strata, 1983,-84, by sex, as
taken by beam trawls. Values given are millions of crab.

May August April

Total Adult Adult Total Adult Adult Total Adult Adult

Stratum Adult fFema | e Hale Adult Female Male Adult Female Male
122 4.2 2.0 2.2 2.4 0.8 1.6 1.4 0.3 1.1

123 3.2 2.5 0.7 0.5 0 0.5 0.8 0 0.8

125 0 0 0 0 0 0 NS NS NS
128 0 0 0 trace trace trace 0.1 .05 .05

135 0 0 0 0.6 0.1 0.5 0.3 0.1 0.2

SP Sub Total 7.4 4.5 2.9 3.5 0.9 2.6 2.6 0.4 2.2
115 0.8 0 0.8 0.2 0 0.2 0.7 0.1 0.6

102 0 0 0 0 0 0 0.5 0 0.5

105 NS NS NS NS NS NS NS NS NS

1e 0 0 0 0 0 0 trace trace trace

114 0 0 0 0.1 0 0.1 0 0 0

SG Sub Total 0 0 0 0.1 0 0.1 0.5 0 0.5
Total 8.2 4.5 3.7 3.8 0.9 2.9 3.8 0.5 3.3
SP 15-40m 0.3 trace 0.3 0.2 trace 0.2 0.1 .05 .05
SP 40-60m 4.6 1.9 2.7 3.0 0.5 2.5 2.0 0.4 1.6
SP Sub Total 4.9 1.9 3.0 3.2 0.5 2.7 2.1 0.4 1.7
SG 15-60111 0 0 0 0 0 0 0.2 0 0.2
60-90m 0 0 0 0.5 0 0.5 0.1 0 0.1
Total 4.9 1.9 3.0 3.7 0.5 3.2 2.4 0.4 2.0
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Appendix D.13 Adult Korean hair crab population estimates from geographical strata, 1983-84, py sex, as taken
by beam trawls. Values given are millions of crab.

May August Apri 1

Total Adult Adult Total Adult Adult Total Adult Adul t

Stratum Adult Female Male Adult Fema 1 e Male Adult Female Male

1 0 0 0 0.7 0 0.7 NS NS NS

2 1.9 0.2 1.7 3.2 0.3 2.9 1.9 0.4 1.5
3 3.9 1.5 2.4 1.6 0.7 0.9 1.1 0.3 0.8
4 2.8 2.2 0.6 1.2 0.4 0.8 1.0 0.2 0.8

SP Sub Total 8.6 3.9 4.7 6.7 1.4 5.3 4.0 0.9 3.1
5 0.8 0 0.8 0.1 0 0.1 0.5 0.1 0.4

S6 Sub Total 6 0 0 0 0.8 0 0.8 0.7 0 0.7
Total 9.4 3.9 5.5 7.6 1.4 6.2 5.2 1.0 4.2

11 0 0 0 0.2 0 0.2 NS NS NS
21 0.4 0 0.4 1.0 0.1 0.9 0.5 0.2 0.3

31 1.5 0.6 0.9 0.5 0.2 0.3 0.2 0.1 0.1
41 1.7 1.1 0.5 0.6 0.2 0.4 0.5 0.1 0.4
SP Sub Total 3.5 1.7 1.8 2.3 0.5 1.8 1.2 0.4 0.8
S6 Sub Total 61 0 0 0 0.4 0 0.4 0.3 0 0.3
Total 3.5 1.7 1.8 2.7 0.5 2.2 1.5 0.4 1.1
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Appendix D.14 Population estimates for Erimacrus isenbeckii adults by sex
and strata for beam trawl data in August 1983. Estimates
are expressed as millions of crab.
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Appendix D.15 Population estimates for Erimacrus isenbeckii adults by sex
and strata for beam trawl data in April 1984. Estimates are
expressed as millions of crab.
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