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RESULTS OF THE 1993 NMFS BERING SEA CRAB SURVEY 

EXECUTIVE SUMMARY 

This document summarizes data presented in the NMFS Processed Report "Report to 
Industry on the 1993 Eastern Bering Sea Crab Survey". For further information, contact Dr. 
Bradley G. Stevens or Dr. Robert Otto, NMFS, P.O. Box 1638, Kodiak, AK 99615. Phone (907) 
487-496 1 .  GHL = Guideline Harvest Level. 

Red king crab (Paralithodes camtschaticus) Bristol Bay. 
Legal males: 7.3 million crabs; up 48%. 

Pre-recruits: 89% increase. 

Large Females: 28% increase. 

Outlook: Increased estimates are largely due to concentration of crabs at few sta- 


tions, and may not reflect a real increase in population. Juveniles are at an 
all-time low and declining. 

GHL: 16.8 million lbs. 

Red king crab (I? camtschaticus)Pribilof District. 

Legal males: 2.5 million crabs; up 2 12%. 

Pre-recruits: No significant change. 

Large Females: 1 12% increase. 

Outlook: Increased estimates of legal crab reflect concentration at few stations, and 


. . should be viewed cautiously. Smaller crab are poorly estimated. 
GHL: 3.4 million lbs. 

Pribilof Islands blue king crab (I!platypus) Pribilof District. 
Legal males: 1.0 million; No significant change. 

Pre-recruits: 29% decrease. 

Large Females: No significant change. 

Outlook: Population low and stable. Trends not detectable. 

GHL: Fishery closed for 1993. 


St. Matthew blue king crab (I!platypus) Northern District. 
Legal males: 3.6 million; 57% increase. 

Pre-recruits: 36% increase. 

Large Females: Not well estimated. 

Outlook: Population high (Rank 1/16)with good recruitment for future. 

GHL: 4.4 million lbs. 


Tanner crab (Chionoecetes bairdi) Eastern District. 
Legal males: 20.6 million; 50% decrease. 

Pre-recruits: 38% decrease. 

Large Females: 58% decrease. 

Outlook: Population average, but declining as strong year class expires. 

GHL: 19.7 million lbs. 



Snow crab (C. opilio) All districts combined. 
Large males: 	 135 million; 48% decrease. 
Pre-recruit s: 	 24% decrease. 
Large Females: 	 No significant change (decline offset by increased recruitment?). 
Outlook: Large crab will continue to decline as strong year class expires, but strong 

recruitment of juveniles should reach fishery in 2-4 years. 
GHL: 105.8 million lbs. 

Hair crab (Erimacrus isenbeckii) All districts combined. 
Total males: 	 1 1.8 million; 194% increase. 
Large Females: 	 168% increase. 
Outlook: 	 Population increase probably reflects poor assessment in recent years, but 

is consistent with recruitment indices over last 5 years. 
GHL: 	 Pribilof 2.5 million lbs. 

Bristol Bay: 0.5 million lbs. 



THE 1993 EASTERN BERING SEA SURVEY 


An annual trawl survey is conducted in the 
eastern Bering Sea (EBS) to determine the dis- 
tribution and abundance of crab and groundfish 
resources. This report summarizes survey results 
for commercially important crabs. It is intended 
to aid fishamen and processors in locating pro- 
ductive grounds and judging availability of vari- 
ous species. Survey-derived data are also used 
as part of the basis for management decisions. 
Results are presented for red king crab 
(Paralithodes camrschaticus), blue king crab (P. 
plarypus), hair crab (Erimacrus isenbeckii), Tan- 
ner crab (Chionoecetes bairdi) and snow crab (C. 
opilio). Information on groundfish resources is 
available from the Alaska Fisheries Science Cen- 
ter, 7600 Sand Point Way NE,BIN C15700, Se- 
attle, Washington 98 1 15. 

corded at most stations. Procedures for estimat- 
ing abundance were similar to previous years 
(Appendix A). 

Because of differences in the length of each 
tow, catches presented in accompanying charts 
and tables are standardized to the nearest whole 
number of crab caught per square nautical mile. 
Where more than one tow was made in a square 
(including comer tows), charts show average crab 
density at the station center. Tables 7- 11 present 
data for a l l  tows where a given species was 
caught, without averaging. It is advisable to 
cross-reference charts and tables. 

The following abbreviations are used in the 
text: (in) inches, (rnrn) millimeters, (fm) fath-
oms, (lbs) pounds, (OC) degrees Celsius, (cl) cara-
pace length, and (cw) carapace width. 

Survey Area and Methods 

The 1993 Eastern Bering Sea (EBS) crab sur- 
vey consistedof 393 succes$ul bottom trawl tows 
and covered an area of approximately 140,400 
square nautical miles (Fig. 1). The 1993 survey 
area was similar to that of 1992 except that 18 
stations between Nunivak and St. Matthew Is- 
land, that were omitted in 1992, were included 
this year. The survey was conducted aboard two 
chartered vessels, the FN Aldebaran and FIV 
Arcnuur between June 4 and July 26. Method- 
ology was identical to that of previous surveys; 
tows were made at the centers of squares defined 
by a 20x20 nautical milegrid Near St. Matthew 
Island and the Pribilofs, additional tows were 
made at the corners of squares. Additional tows 
were also made at stations F08, G21, G22, H21 
and H22 to verify abundance of red king crab. 

Both vessels fished an eastern otter trawl with 
an 83 ft headrope and a 112 ft  footrope. This has 
been the standard trawl since 198 1. Wing spread 
on this trawl ranges from 47-58 feet. For consis- 
tency with previous reports an effective width of 
50 feet was assumed. Each tow was one-half 
hour in duration; average length was 1.57 nauti- 
cal miles (range 0.4-2.1). Crabs were sorted by 
species and sex, and then a sample of crabs was . .rneasufed(to the nearest mdhem) to provide a 
size frequency distribution. Note that crab sizes 
are reported as carapace width for Tanner and 
snow crabs, and carapace length for all others. 
Surface and bottom water temperatures were re- 

Distribution and Abundance of Crab Stocks 

Red King Crab (Parakithodescamtschaiicus) 
Themajority of the legal (86.5 in cw, 8135 

mm cl) male crabs occmed in Bristol Bay (Area 
T) where their overall distribution was similar to 
that of 1992 (Chart 1 and Table 7). Numbers 
were up sharply in the Pribilof District, anda few 
red king crabs were also found in the Northern 
District (north of 58"39'N), but their contribu- 
tion to overdl abundance in the EBS is negli- 
gible. Legal crabs were occasionally found as 
solitary individuals at the periphery of the stock's 
distribution. 

The estimated abundance of legal male red 
king crabs in the Bristol Bay District (south of 
5899'N and east of 168W) was 7.3 minion crabs 
which represents a 48% increase from last year 
(Table 1). This estimate is still significantly be- 
bw the bng- term, 23-year average (1 5.3 d o n ) .  
Pre-recruit crab (1 10- 134 mm cl) showed an in- 
crease of 89%. These increases are parhally due 
to the effect of several large catches at station 
FO8, and may not represent a real increase in the 
overall population. Because the catch of legal 
crabs at that station was high (>50/tow), three 
additional tows were made nearby. The com-
bined catch of all four tows at that station pro- 
vided an estimate of 1.5 million legal crabs, or 
21% of the total for Area T. Recruitment of ju- 
venileshas been poor, and their numbers are now 
at an all-time low (Table 1). Therefore, the fish-



FIGURE 1. NMFS eastern Bering Sea crab survey area in 1993. 



TABLE 1. Annual abundance estimates (millions of crabs) for red king crab (I!camtschaticus) 
from NMFS survey. Bristol Bay and Pribilof Districts are combined except where 
noted. 

Males Females 

Juveniles Pre-rec Legal Small Large 
Grand 

Size' (mm) <IIO 110-134 2135 Total <90 290 Total Total 
Width (in) <5.2 5.2-6.5 26.5 <3.5 23.5 

Lower 2.6 

Upper 7.9 

5% 50 


' Carapace length (rnrn). 

Separate estimates given for Bristol Bay (B) and Pribilofs (P) Districts. 

Mean k2 standard errors for most recent year; Bristol Bay only. 
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FIGURE 2. Size-frequency of male red king crab (I? camtschaticus), by 3 rnm length 
classes, 1992- 1993. 
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FIGURE 3. U.S. landings in millions of pounds, CPUE as crabdpot, and abundance of legal red 
king crab (I? camtschaticus) in millions in Bristol Bay, estimated from NMFS trawl 
surveys. 

able stock will probably continue to decline in 
the future. Size-frequency data for the last two 
years are shown in Figure 2. Molting of male 
crabs appears to have been completed prior to 
the survey because no male crabs were in molt- 
ing or soft-shell condition. Among legal-sized 
crab, 76% were oldshell crabs (vs 40% last year). 
See Appendix B for descriptions of shell condi- 
tions. 

The estimated abundance of large (190 mm 
cl) females in Bristol Bay showed an increase of 
28% from last year, but the combined abundance 
of small and large females is still at a low level. 
In June, 8% of mature females were still molting 
or soft-shell, (vs 1 6% last year). Among mature 
females, the proportion which had molted and 
extruded new, uneyed eggs was 80% compared 
to 83% last year. Fluctuations in the timing of 
molting, mating, and embryo extrusion may be 
related to annual variations in water temperature. 

The Bristol Bay fishery will open on No- 
vember 1, 1993, with a guideline harvest of 16.8 
million Ibs out of an estimated stock of 45.6 h 15 
million lbs. The target exploitation rate was set 
at 37% of the legal male biomass, as determined 

year's landings were 8.0 million Ibs with catch- 
per-unit-of-effort (CPUE) of 6.0 crabdpot-lift 
(Fig. 3). 

In the Pribilof District (south of 58O39'N 
and west of 168OW), the abundance of red king 
crab has increased dramatically from last year's 
estimate. The estimate of legal males increased 
by 212% to 2.5 million crabs, and large females 
increased by 112%. These crab were highly 
concentrated at a few stations (G21 & G22), 
which may add a positive bias to the estimate. 
[Four additional tows were made at randomly se-
lected locationswithin each of the station squares 
G21, G22, H21 and H22 in order to improve the 
reliability of abundance estimates]. However, this 
year's estimate follows a trend of increasing abun- 
dance observed since 1990. For the first time, a 
separate fishery for red king crab in the Pribilof 
District opened September 15 with a guideline 
harvest level (GHL) of 3.4 million lbs, represent- 
ing an exploitation rate of 22% of the legal male 
biomass (15.7 h 10 million Ibs). A preliminary 
estimate of the catch is 2.6 million lbs with a 
CPUE of 10.6 crabdpot-lift. (Rance Morrison, 
ADF&G, Box 308, Dutch Harbor, AK 99692, 

according to Board of Fisheries policy. Last Pers. cornrnun., October, 1993). 
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FIGURE 4. U.S. landings in millions of pounds, CPUE as crabdpot, and abundance of legal blue 

king crab (Pp l a w s )  in millions in the Pribilof District, estimated from NMFS 
trawl survey. 
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Pribilof Islands Blue King Crab 
(Eplatypus)

Legal (26.5 in cw, or 213 5 mm cl) males 
were found at 14 stations, primarily northeast 
and east of St. Paul Island (Chart 2 and Table 8). 
The estimated abundance of legal males was 0.98 
million crabs (Table 2 and Fig. 4), essentially iden- 
tical to the last two years' estimates and is still 
significantly below the 20-year average (2.55 
million). The number of pre-recruits (1 10- 134 
mm cl) showed a decrease of 29% and the abun- 
dance of juveniles (<I10 mm cl), showed a de- 
crease of 3 8%. Size-frequency data (Fig. 5) show 
little change over the past year. The fishery will 
not be opened in 1993. Shell conditions among 
legal males were 3% softlmolting, 66% new- 
hardshells, and 3 1% oldshells, indicating that 
molting was essentially complete by the time of 
the survey. 

The estimated abundance of large (290 
mm cl) females showed no significant change 
from last years level. Historically, estimates of 
juvenile and female abundance have been impre- 
cise due to the preference of such crab for rocky 
habitat which is not sampled well by trawls. 
Among mature females, 68% were new 
hardshells, of which 99% carried new eggs, and 
32% were oldshells, all of which carried empty 

embryo cases. Blue king crab are predominantly 
biennial spawners. Only a portion of the female 
population spawns in a given ear, while the re- 
mainder is in the non-embryo- Lm-ng phase. No 
females were in soft-shell condition, indicating 
that molting was completed for 1993. 

Northern District (St. Matthew Island) Blue 
King Crab (Rplatypus) 

Legal ( 2  5.5 in cw, or 2120mm cl) males 
were captured at 21 stations primarily southwest 
of St. Matthew Island (Chart 2 and Table 8). The 
estimated abundance of legal crabs was 3.6 mil- 
lion crabs (Table 3), representing a 57% increase 
from last year. The abundance of pre-recruits 
(105-1 19 mm cl) showed a 36% increase. The 
distribution of size-frequencies (Fig. 6) shows 
little change over the past year. The population 
is significantly above average levels, ranking 1 
out of 16, with legal males at the second highest, 
and juveniles at the fourth highest level in 16 
years. The abundance of large females (280 mrn 
cl) increased dramatically to an all-time record 
high, but abundance estimates for female blue king 
crabs are usually imprecise due to habitat prefer- 
ence, as explained above. Among legal males, 
5% were softshell, 68% were new-hardshells, and 



TABLE 2. Annual abundance estimates (millions of  crabs) for blue king crab (I?platypus) in the 
Pribilof District from NMFS surveys. 

Pribilof District 

Males Females 

Juveniles Pre-rec Legal Small Large 
Grand 

Size1 (rnrn) <I10 110-134 2135 Total <90 290 Total Total 
Width(in) ~ 5 . 2  5.2-6.5 26.5 <3.5 23.5 

L o w e r  
U p p e r*% 

Carapace length (rnm).

Female estimates considered unreliable in 1980. 

Mean h 2 standard errors for most recent year. 
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FIGURE 5. Size-frequency of Pribilof District male blue king crab (I?platypus), by 3 mm 
length classes, 1992- 1993. 



TABLE 3. Annual abundance estimates (millions of crabs) for blue king crab (l?p l a w s )  in the 
Northern District (St. Matthew Island) from NMFS surveys. 

Northern District 

Males Females 

Juveniles Pre-rec Legal Small Large 
Grand 

Size' (rnm) <I05 105-119 2120 Total <80 280 Total Total 
Width (in) ~ 4 . 3  4.3-5.5 25.5 <3.2 13.2 

Lower 0.4 1.2 2.4 4.8 0.0 0.0 0.0 4.5 
Upper 8.9 2.8 4.8 15.7 3.1 8.5 9.0 24.7 
f% 92 42 33 53 131 180 106 69 

Carapace length (rnm); categories reflect smaller average size in the Northern District; 

80 mrn is the median size at maturity for females. 

Mean -+ 2 standard errors for most recent year. 
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FIGURE 6. Size-frequency of Northern District (St. Matthew Island) male blue king crab 
(I!platypus)),by 3 mm length classes), 1992-1993. 
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FIGURE 7. U.S. landings in millions of pounds, CPUE as crabdpot, and the abundance of 

legal blue king crabs (Pplatypus) in millions in the Northern District (St. Matthew 
Island), estimated from NMFS trawl survey. 

27% oldshells. These figures indicate that molt- 
ing was near completion for the year, and that a 
larger than normal proportion has not molted this 
year. All but 2 of 66 mature females had partially 
or completely hatched their eggs. 

The 1993 fishery opened on September 15 
with a guideline harvest of 4.4 million lbs, repre- 
senting an exploitation rate of 31% of the legal 
male biomass (14.1 * 4.6 million lbs). Prelimi- 
nary information indicates that 1993 landings 
were 3.0 million lbs with a CPUE of 10.7 crabs/ 
pot-lift (Fig. 7). (Rance Morrison, ADF&G, Box 
308, Dutch Harbor, AK 99692, Pers. commun., 
September 1993). 

Tanner Crab (C bairdi) 
The legal minimum size of 5.5 in cw (spine 

tip to spine tip) is equivalent to 13 8 mm cw mea- 
sured between the spines (scientific measure). 
The data included in Table 4, however, define 
"large" crabs as males 213 5 mm, because this 
size has been used for a long-term index since 
1976. 

Legal males were widely distributed in 
Bristol Bay and continental shelf areas with re- 
gions of relatively high abundance in outer Bristol 

mated abundance of large ( 2  13 5 mm cw) male 
C. bairdi in the Eastern District (east of 173"W) 
is 27.2 million crabs (Table 4), of which 20.6 mil-
lion are legal size (2138 mm cw). About 52% 
of the legal crab were located east of 163"W, and 
virtually all the legal males occurred in the East- 
ern District. The estimated total abundance of 
large crabs showed a decrease of 48% from last 
year and is now slight1 below the long-te Z ""bl8-year average (3 3.8 mil on). The estimated a un- 
dance of pre-recruits (1 10-134 mm cw) showed 
a 38% decrease and the estimate of small males 
(<I10 mm cw) showed a 42% decrease. Size- 
frequency data (Fig. 8) show that a strong co- 
hort of crabs which recruited to the fishery in 
1988-1992 is now declining due to natural mor- 
tality and fishery removals, and that recent re- 
cruitment of juveniles has declined. Among le- 
gal males, 5% were molting or softshell, 73% 
were new-hardshells, and 22% were oldshells. 
Abundance of legal males will probably continue 
to decline over the next few years. 

The abundance of large (285 mm cw) fe- 
males (all districts) showed a decrease of 58%, 
and the abundance of small (<85 mm) females 
showed a decrease of 48% from last year. Note, 

Bay, along the Alaska Peninsula, and around the however that figures in Table 4 reflect only the 

Pribilof Islands (Chart 3 and Table 9). The esti- Eastern District where changes for large and small 




TABLE 4. 	 Annual abundance estimates (millions of crabs) for Tanner crabs (C. bairdi) from 
NMFS surveys. Data since 1988 are for Eastern District; all prior data for Bristol 
Bay and the Pribilof Districts; both areas contain virtually all legal males. 

Males 	 Females 

Juveniles Pre-rec Large Small Large 

Grand 


Size1 (mm) <I10 110-134 1135 Total <85 185 Total Total 

Width (in) <4.3 4.3-5.3 25.3 <3.4 13.4 


Lower 57 4 2 18 12 6 39 20 6 2 18 7 

Upper 9 7 8 5 37 209 77 39 113 321 

f % 26 3 5 3 5 25 33 3 1 29 26 


Carapace width (mm). 

Mean * 2 standard errors for most recent year. 
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FIGURE 8. 	 Size-frequency of male C. bairdi in the Bristol Bay and Pribilof Districts, 
by 3 mm width classes, 1992-1 993. 
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FIGURE 9. 	 U.S. landings in millions of pounds, CPUE as crabdpot, and the abundance of 
large male C.bairdi in millions in the Bristol Bay and Pribilof Districts (prior to 
1989) or the Eastern District (since 1988), estimated from the NMFS trawl 
survey. 

females were -56% and -42%, respectively. 
Among mature females, 1 %were softshells; 23% 
were new-hardshells, of which 97% carried new 
eggs, and 76% were oldshells, ofwhich 79% car- 
ried new eggs. The majority of the reproductive 
stock over the last three years has consisted of 
oldshell crabs which tend to produce more eggs 
than newshelled females. The period of larval 
hatching and embryo extrusion was essentially 
completed by the time of the survey. 

The harvest guideline for 1993-94 has 
been set at 19.7 million lbs, for an exploitation 
rate of 40% of the legal male biomass (49.3 k 
17.9million Ibs). Last year's landings were 3 5.1 
million lbs with average CPUE of 12.6 crabdpot- 
lift (Fig.9) (Rance Momson, ADF&G, Box 308, 
Dutch Harbor, AK 99692, Pers. commun., Sep- 
tember 1993). 

Snow Crab (C opilio) 
Although the legal minimum size limit for 

C.opilio is 3.1 in cw (78 mm), processors cur- 
rently prefer a minimum size of 4.0 inches (102 
mm). Therefore, the sine ranges for male C.opilio 
used in this report are defined as follows: 
sublegal, <3.1 in cw (<78 mm); small, 3.1-3.9 in 
cw (78-101 mm); large,>4.0 in cw ( 2  102 mm); 

and very large 24.3 in cw ( 2  11 0 mm). Esti-
mates of abundance of large males (24.0 in) are 
not shown prior to 1984 (Table 5 and Fig. 10) 
due to differences in area surveyed and proces- 
sor-preferred minimum size. 

The distribution of large males showed 
an area of high concentration extending north- 
west from the Pribilof Islands (Chart 4 and Table 
10). The majority of high density stations were 
in the Western District (west of 173OW), indicat- 
ing that the population has shifted westward over 
the past two years. 

The estimated number of large (2102 mm 
cw) males (Eastern and Western Districts com- 
bined) is 135 million crabs, a decrease of 48% 
from last year. Approximately 47% of these were 
in the Eastern District, as opposed to 67% last 
year. Small males (78-101 mm cw) showed a 
significant decrease of 24%, but sublegal males 
(<3.1 in cw) showed a 92% increase reflecting 
strong juvenile recruitment. The combined abun- 
dance of male crabs <4.0 in (Table 5) increased 
by 39% to a new record high (5.6 billion crabs). 
The estimated abundance of small females (GO 
mm cw) showed a 66% increase, whereas large 
females (250 mm cw) showed no significant 
change, due to growth of juveniles into the ma- 



TABLE 5. Annual abundance estimates (millions of crabs) for eastern Bering Sea snow crabs 
(C. opilio) from NMFS surveys (all districts combined). 

Males Females 

Large V. Large Small Large 
Grand 

Size' (rnm) 4 0 2  2102 2110 Total <50 250 Total Total 
Width (in) <4.0 24.0 14.3 <2.0 12.0 

East ( % ) 2  5 4 4 7 52 54 4 8 48 48 51 

L o w e r  3391 10 4 60 3526 2523 1308 4021 7547 
U p p e r  7802 166 96 7937 5457 2 657 7924 15860 
f % 39 23 23 38 37 34 3 3 3 5 

Carapace width (mm). 

Proportion of size group in Eastern District. 

Mean * 2 standard errors for most recent year. 


* Estimates not available at present time. 
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FIGURE 10. U.S. landings in millions of pounds, CPUE as crabdpot, and the abundance of 
large male C. opilio in millions (all districts combined), estimated fiom NMFS 
trawl survevs. 

ture female size range, which tended to offset any 
mortality of older adults. A major cohort con- 
sisting of one or more strong year-classes was 
produced in the early 198OYs, and recruitment to 
the fishery improved steadily fiom 1986 through 
1991 asjuveniles matured. The abundance of 
large males has been declining over the last two 
years due to natural mortality and fishery remov- 
als. However, strong recruitment of postlarval 
crab has occurred in the last few years resulting 
in a strong peak of crabs in the 35-60 mm siie 
range (Fig. 1 l), possibly the result of a strong 
year class hatched in the period 1 988-1 990. These 
crab should recruit to the fisherywithin 2-4 years. 
The fishable stock will probably continue to de- 
cline over the next two years, followed by a pe- 
riod of increasing abundance. 

Among large male crabs, 20% were in 
molting or softshell condition, 52% were new- 
hardshells indicating a recent molt, 25% were 
oldshells, and 3% were very-oldshells. Among 
mature females, 56% were new-hardshells, of 
which 99% carried new eggs, and 44% were 
oldshells, ofwhich 86% carried new eggs. These 
numbers reflect the recruitment of younger, new- 
shelled crab, and indicate that hatching and ex- 
trusion were nearing completion by the time of 

the survey. 
The harvest guideline for 1994 has been set 

at 105.8 million Ibs for large crab (14.0 in cw). 
Currently there are an estimated 182 (*42) mil- 
lion Ibs of large males within the survey area, of 
which about 49% by weight were east of 173"W. 
Preliminary 1993 ADF&G statistics indicate that 
about 231 million Ibs were landed in the most 
recent season (Fig. 10) with an average CPUE of 
173 crabdpot-lift (Rance Morrison, ADF&G, 
Box 308, Dutch Harbor, AK 99692, Pers. 
comrnun., September 1993). 

Hair Crab (Erimacrus isenbeckii) 
Hair crab are widely scattered across the 

EBS (Chart 5 and Table 11). Historically, areas 
of concentration have existed just north of the 
Alaska Peninsula and near the Pribilof Islands. 
We have never found many female or small male 
crab during the survey and hence have little un- 
derstanding of their distribution. Because of their 
patchy distribution and low densities, estimates 
of abundance of hair crab are imprecise. The es- 
timated abundance of large male hair crabs has 
been declining since 198 1 and has been very low 
since 1988. The current estimate of 1 1.8 million 
total males (Table 6) indicates a dramatic increase 



C opilio Width Frequency 

All Districts 


CARAPACE W I D T H  (mm) 

CARAPACE W I D T H  (mm) 

FIGURE 1 1 .  	 Size-frequency of male C. opilio, all districts combined, by 3 rnrn width 
classes, 1992- 1993. 



TABLE 6. 	 Annual abundance estimates (millions of  crabs) for hair crab (E. isenbeckii) from 
NMFS surveys. 

Males 	 Females 

Small Large 
Grand 

Size' (mm) <90 1 9 0  Total Total Total 
Width (in) ~ 3 . 5  1 3 . 5  

Lower 
Upper 
*% 

Carapace length (mm). 

Mean *2 standard errors for most recent year. 




Hair Crab Length Frequency 

All Districts 
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FIGURE 12. Size-fiequency of male hair crab (E. isenbechi), by 3 rnm length classes, 
1992- 1993. 
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million lbs has been set for the Pribilof District.
Landings in the previous season were 1.4 million
lbs, with CPUE of 8.4 crabs/pot-lift (Fig. 13).
(Rance Morrison, ADF&G, Box 308, Dutch
Harbor, AI( 99692, Pers. commun., September
1993).

The average bottom water temperature
this year (2.9°C) was significantly warmer than
last year (l.4°C). Average bottom temperatures
by depth for 1993 (1992) were 4.6 (4.1)OC for
depths ~27 fin (50m); 2.2 (O.2)OCfor depths of
28-54 fin (50-100m); and 3.1 (2.3)OC for depths
>54 fin (100m). The coldest waters were en
countered north ofSt. Matthew Island (Chart 6).
The warmest waters were found in Kuskokwim
Bay and inner Bristol Bay. Most year-to-year
variation in temperature is associated with rela
tively shallow areas of the continental shelf and
near shore. There is little year-to-year change in
the Pribilof Islands and other shelf edge areas
where temperatures are moderated by incursions
of deep ocean water. The effect of water tem
perature on changes in the distribution and abun
dance of crabs in the eastern Bering Sea is poorly
known.

As an index of mean temperature in the

0.00 -Jli--:::,:=I::""-_I --'--.--'---1 --..!:; =-::=-I--JI---::::"-"Y>;2!t:=:=::!~,=::3I.::::::::::::.;,=-----,-==~-~1 0
78 79 80 81 82 83 84 85 88 87 88 89 90 91 92 93

YEAR

FIGURE 13. U.S. landings in millions of pounds, CPUE as crabs/pot, and the abundance of
large male hair crab (E. isenbeckii) in millions (all districts combined), estimated
from NMFS trawl survey.

of 194% during the past year and is slightly above
the long-term, IS-year average (9.64 million).
The estimated abundance of large 3.5 in cl (~90
mm) males shows an increase of 784% from last
year, and is now near average levels. The esti
mated abundance of total females shows an in
crease of 168% from last year. These large popu
lation increases probably reflect a real increase in
abundance to some degree, and are consistent
with size-frequency data (Fig. 12) which show
what appears to be a strong cohort of male crabs
first seen in 1989 and 1990. However, changes
in abundance estimates also reflect the patchy dis
tribution of hair crab and the inability of the sur
vey to assess them accurately and consistently.
The shell conditions for hair crab are difficult to
determine, and therefore provide little useful in
formation. The majority of males (79%) and fe
males (92%) were new-hard shell crabs.

A sizeable directed fishery for hair crab
has developed over the past several years in the
Pribilof Islands. We have defined large males as
those crab 3.5 in cl which is equivalent to 3.5
in cwo However, there is no minimum legal size,
and the industry-preferred minimum size is 3.25
in cwo Currently there are an estimated 7.8 (±5.4)
million lbs of male crab 3.25 in of which 80%
are west of 168° W. A harvest guideline of2.5
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FIGURE 14. Coastal bottom temperature index (mean of37 survey stations) along the Alaska
Peninsula in degrees C for 1971 to present. Horizontal line is average value over
the entire period.

1
71 73 91 93

( area most important to larval and juvenile red king
crab growth, the average temperature has been
determined from the June survey data for 36 sta
tions along the Alaska Peninsula since 1971. This
coastal temperature index for 1993 (1992) was
3.88 (2.80)OC (Fig. 14), which is slightly above
the long-term average.

Conclusions

In 1993, data indicate continued declines
in recruitment of juveniles to the Bristol Bay red
king crab population, such that the estimates of
small males and total females are now at histori
callows. Despite this trend, the estimate oflegal
males increased, partially due to the influence of
several large catches which occurred at a single
station. The weight of evidence suggests that
this population is headed for further declines in
the near future. In contrast, red king crab and
hair crab in the Pribilof District appear to be in
creasing, continuing an upward trend observed
over the past few years. Both species were highly
aggregated, with the bulk of their population cap
tured at few stations.

Blue king crabs in the PribilofDistrict are
still below the average level of abundance, show
ing little change over the past year. However,

blue king crab near St. Matthew Island have been
increasing steadily since reaching an all-time low
in 1986, and are now well above average levels.
These data indicate that recruitment in these two
populations is independent, and suggest that the
species is being displaced from the Pribilof Is
lands either due to environmental change (i.e.,
ocean warming) or competition from increasing
numbers of other crab species, e.g. red king crab
and hair crab.

The abundance oflarge Tanner and snow
crabs is dropping rapidly due to senescence of
crabs which constituted strong year classes
hatched in 1983 or 1984. However, another
major cohort of juvenile snow crab appears to
have been produced in the period 1988-1990, and
should lead to improved harvests by 1995 or
1996. Strong cohorts of Tanner and snow crab
may be the result of favorable environmental con
ditions over the outer shelf in the early and late
1980's. In addition, both species have a very large
area of habitat suitable for good survival of early
juveniles.

Shelf and coastal water temperatures were
significantly warmer in 1993 than in 1992, but
still remain at near average levels, as they have
since 1983.
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APPENDIX A 

Methods of Estimating Crab Population Size 

Population estimates are determined by 
the 'area-swept' method, using a stratified sys- 
tematic sampling design. Distance traveled by 
the trawl was determined fiom positions recorded 
at the beginning and ending of the trawl. Area 
fished (= area swept by the trawl) was calculated 
by multiplying the distance by the effective width 
of the trawl, assumed to equal 50 ft. 

All stations (grid squares) within a dis- 
trict or management area were used for estimat- 
ing the abundance ofeach species. Stations where 
multiple (corner or repeat) tows were made were 
grouped into substrata; these include a block of 
12 stations SW of St. Matthew Island, and 16 
stations around St. Paul Island. 

The catch-per-unit-effort (CPUE),was 
calculated for each station as number of crabs 
per square nautical mile. Average CPUE was 

calculated within each multiple tow block and 
each management district. Population estimates 
were calculated by extrapolating the average 
CPUE of each sidsex group over the geographic 
area of each district. Variance and standard er- 
ror (SE) of the estimate were calculated arith- 
metically. Confidence intervals were calculated 
by adding or subtracting 2 SEYsto the popula- 
tion estimate. Note that, since the data are usu- 
ally not normally distributed, variance estimates 
and confidence intervals may be imprecise, and 
should be viewed as minimum ranges of the esti- 
mate. Nevertheless, they are provided in order 
to indicate the range ofthe data relative to previ- 
ous years' estimates. 



APPENDIX B 


Crab Shell Conditions 


All crabs measured in the NMFS eastern Bering 
Sea trawl survey are coded as to shell condition. 
Shell condition categorizes exoskeleton discol- 
oration, scratching and wear, and fouling by en- 
crusting organisms, and can be used to estimate 
the time since a crab has last molted. The shell 
condition categories used in this report and the 
estimated times since last molting that they imply 
are given below: 

Molting1: Crab will molt within days or is 
actively molting. Joints swollen andlor well de- 
veloped second exoskeleton present. 

Softshell' : Crab has molted within weeks. 
Carapace is still softand pliable from recent molt. 

New, Hardshell: Crab has molted within 
the last year. Carapace firm to hard and lacking 
scratches, wear, discoloration, and encrusting 
organisms. 

Oldshell: Crab has not molted within the 
last year. Usually has at least some scratching, 
spine wear. Crab may have darker coloration, 
and encrusting organisms are frequently present. 

Very Oldshell: A sub-category within 
Oldshell. Undersides of legs yellowed; abundant 
scratches and stains; spines and claws very worn; 
encrusting organisms almost always present and 
often abundant. It is hard to infer a time since 
molting. In some years, processors have paid con- 
siderably less per pound for these crabs. 

-

Note, that in the report, Molting and Softshell categories are combined. The time span over which 
these conditions occur in a crab is only a matter of weeks. A high percentage of molting and softshell 
crabs in a survey population indicates that the molting season is not yet over. 
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TABLE 7. Summary of crab density by tow for red king crab (Paralithaies camtschaticus). 

STA-
TION 

DATE N. LAT. 
DEG MIN 

W. LON. DEPTH 
DEG MIN (FM) 

LARGE 

MALES 

MEDIUM SMALL TOTAL LARGE 

FEMALES 

SMALL TOTAL 

GRAND TOWS VES 
TOTAL SEL 



TABLE 7. Summary of crab density by tow for red king crab (Paralithdes camtschaticus)(Cont'd). 

STA-
TION 

DATE N. LAT. 
DEG MIN 

W. LON. DEPTH 
DEG MIN (EM) 

LARGE 

MALES 

MEDIUM SMALL TOTAL M G E  

FEMALES 

SMALL TOTAL 

GRAND TOWS VES 
TOTAL SEL 

NOTE - Minimum carapace widths used are:  

LARGE > 6.50"; MEDIUM > 5.20". 




TABLE 8. Summary of crab density by tow for blue king crab (Paralithodesplatypus) 

STA- DATE N. LAT. W. LON. DEPTH MALES FEMALES GRAND TOWS VES 
TI ON DEG MIN DEG MIN (m)

LARGE MEDIUM SMALL TOTAL LARGE SMALL TOTAL 
TOTAL SEL 
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TABLE 9. Summary of crab density by tow for Tanner crab (Chionoecetes bairdi) 

STA-
TI ON 

DATE N. LAT. 
DEG MIN 

W. LON. DEPTH 
DEG MIN (F'M) 

LARGE 

MALES 

MEDIUM SMALL TOTAL LARGE 

FEMALES 

SMALL TOTAL 

GRAND TOWS VES 
TOTAL SEL 



TABLE 9. Summary of crab density by tow for Tanner crab (Chionoecetes bairdi)(Contld) 

STA-
TI ON 

DATE N. LAT. 
DEG MIN 

W. LON. DEPTH 
DEG MIN (EM) 

LARGE 

MALES 

MEDIUM SMALL TOTAL LARGE 

FEMALES 

SMALL TOTAL 

GRAND TOWS VES 
TOTAL S EL 



TABLE 9. Sumrnarv of crab density by tow for Tanner crab (Chionoecetes bairdi)(Cont8d) 

STA- DATE N .  LAT. W .  LON. DEPTH MALES FEMALES GRAND TOWS VES 
T ION DEG MIN DEG MIN (EM) 

LARGE MEDIUM SMALL TOTAL LARGE SMALL TOTAL 
TOTAL SEL 
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TABLE 9. Summary of crab density by tow for Tanner crab (Chionoecetes bairdi)(Contld) 

STA- DATE N. LAT. W. LON. DEPTH MALES FEMALES GRAND TOWS VES 

TION DEG MIN DEG MIN (EN) TOTAL SEL 


LARGE MEDIUM SMALL TOTAL LARGE SMALL TOTAL 




TABLE9. Summary of crab density by tow for Tanner crab (Chionoecetes buird)(Cont'd) 

STA- DATE N .  LAT. W. LON. DEPTH MALES 	 FEMALES GRAND TOWS VES 
T I  ON DEG MIN DEG MIN (FM) TOTAL SEL 

LARGE MEDIUM SMALL TOTAL LARGE SMALL TOTAL 
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TABLE 9. Summary of crab density by tow for Tanner crab (Chionoecetes bairdi)(Cont'd) 

STA-.-

TI ON 
DATE N. LAT. 

DEG MIN 
W. LON. DEPTH 
DEG MIN (EM) 

LARGE 

MALES 

MEDIUM SMALL TOTAL LARGE 

FEMALES 

SMALL TOTAL 

GRAND TOWS VES 
TOTAL SEL 



TABLE 9. Summary of crab density by tow for Tanner crab (Chionoecetes bairdi)(Contld) 

STA- DATE N. LAT. W. LON. DEPTH MALES 
TION DEG MIN DEG MIN (EM) 

LARGE MEDIUM SMALL TOTAL LARGE 

FEMALES 

SMALL TOTAL 

GRAND TOWS VES 
TOTAL S EL 

NOTE - Minimum carapace widths used are: 
LARGE > 5.50"; MEDIUM > 4.30". 



TABLE 10. Summary of crab density by tow for snow crab (Chionoecetes opilio) 

STA- DATE N. LAT. W. LON. DEPTH MALES FEMALES GRAND TOWS VES 
TI ON DEG MIN DEG MIN (FM) 

LARGE MEDIUM SMALL TOTAL LARGE SMALL TOTAL 
TOTAL SEL 

0 0 0 
7 4 0 7 4 
0 0 0 

177 8 9 266 
7 8 7 8 157 
0 8 7 87 
0 0 0 
0 0 0 
0 0 0 

156 234 389 
142031 0 142031 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

37255 0 37255 
3 8 9 0 389 
66 0 66 
108 0 108 



TABLE 10. Summary of crab density by tow for snow crab (Chionoecetes opilio) (Cont'd). 

STA-
TI ON 

DATE N. LAT. 
DEG MIN 

W. LON. DEPTH 
DEG MIN (FM) 

LARGE 

MALES 

MEDIUM SMALL TOTAL LARGE 

FEMALES 

SMALL TOTAL 

GRAND TOWS VES 
TOTAL S EL 



TABLE 10. Summary of crab density by tow for snow crab (Chionoecetes opilio) (Cont'd). 
- -

STA-
TION 

DATE N. LAT. 
DEG MIN 

W. LON. DEPTH 
DEG MIN (EM) 

LARGE 

MALES 

MEDIUM SMALL TOTAL LARGE 

FEMALES 

SMALL TOTAL 

GRAND TOWS VES 
TOTAL SEL 



TABLE 10. Summary of crab density by tow for snow crab (Chionoecetes opilio) (Cont'd). 

STA-
TION 

DATE N. LAT. 
DEG MIN 

W. LON. DEPTH 
DEG MIN (EM) 

LARGE 

MALES 

MEDIUM SMALL TOTAL LARGE 

FEMALES 

SMALL TOTAL 

GRAND TOWS VES 
TOTAL S EL 



TABLE 10. Summaryof crab density by tow for snow crab (Chionoecetesopilio) (Cont'd). 

STA-
TION 

DATE N. LAT. 
DEG MIN 

W. LON. DEPTH 
DEG MIN (FM) 

LARGE 

MALES 

MEDIUM SMALL TOTAL LARGE 

FEMALES 

SMALL TOTAL 

GRAND TOWS VES 
TOTAL SEL 



TABLE 10. Summary of crab density by tow for snow crab (Chionoecetes opilio) (Cont'd). 

STA-
TION 

DATE N. LAT. 
DEG MIN 

W. LON. DEPTH 
DEG MIN (EM) 

LARGE 

MALES 

MEDIUM SMALL TOTAL LARGE 

FEMALES 

SMALL TOTAL 

GRAND TOWS VES 
TOTAL SEL 
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TABLE 10. Summary of crab density by tow for snow crab (Chionoecetes opilio) (Cont'd). 

STA-
TION 

DATE N. LAT. 
DEG MIN 

W. LON. DEPTH 
DEG MIN (EM) 

LARGE 

MALES 

MEDIUM SMALL TOTAL LARGE 

FEMALES 

SMALL TOTAL 

GRAND TOWS VES 
TOTAL SEL 

NOTE - Minimum carapace widths used are: 

LARGE > 4.00"; MEDIUM > 3.10". 
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TABLE 11. Summaryof crab density by tow for hair crab (Erimacrus isenbeckii) 

STA- DATE N. LAT. W. LON. DEPTH 
TION DEG MIN DEG MIN (E'M) 

MALES 

-

LARGE MEDIUM SMALL TOTAL 


615 308 0 923 


270 270 0 54 0 


0 0 0 0 


0 0 0 0 


1263 1026 0 2288 


7 1 0 0 71 


140 140 0 2 8 1 

12 4 0 0 124 

8 3 0 0 83 


7 5 0 7 5 151 

7 1 0 0 71 

159 318 7 9 556 

1157 217 289 1664 

5839 1105 0 6944 

7 5 0 0 75 

7 8 7 8 0 156 

6 5 0 0 65 

0 7 3 0 73 

0 72 0 72 

0 65 9 0 659 


234 7 8 156 467 


109 438 0 547 

776 345 0 1120 

1319 1507 565 3391 


0 0 0 14772 

0 0 0 11425 

0 0 0 11991 

0 0 0 3860 

0 0 0 3906 

0 0 8 4 84 

0 7 5 0 75 


66 0 0 66 

14 6 0 0 146 

66 0 0 66 

0 7 5 0 75 

0 7 6 153 229 


223 0 0 223 

7 60 1139 7 6 1975 


0 7 6 0 76 

231 0 0 231 


FEMALES GRAND TOWS VES 

TOTAL SEL 


LARGE SMALL TOTAL 
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