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Abstract
The Tanner crab, Chionoecetes bairdi, is widely distributed on the conti-
nental shelf and slope of the eastern Bering Sea (EBS). Commercially im-
portant concentrations occur around the Pribilof Islands and in Bristol
Bay. Two distinct management areas, divided at 167.25ºW, have been ad-
vocated based on a discontinuity in the east-to-west trend of decreasing
size at maturity for female crabs observed during 1975-1979 summer trawl
surveys. This division would separate Pribilof Islands from Bristol Bay
grounds. Genetic sampling of isozymes supported a two-stock hypoth-
esis, but the latter was too sparse to establish whether a cline, as opposed
to a discontinuity, exists. We examine latitudinal, longitudinal, and depth-
related trends in size at maturity for female and male Tanner crabs col-
lected in trawl surveys of the EBS during the summers of 1975-2000. The
1975-2000 data show a clinal trend in size at maturity related to depth
and variation in regional size at maturity trends across survey years that
do not support a two-stock hypothesis.

Introduction
Size at maturity of Tanner crab, Chionoecetes bairdi, in the eastern Bering
Sea (EBS ) is known to vary geographically. Based on survey data from
1975-1979, Somerton (1981a,b) proposed division of the EBS at 167.25ºW
into two management “subareas.” The eastern subarea was characterized
by a larger size at maturity than the western subarea. Somerton’s bound-
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ary was based on a method for determining longitude the for “best parti-
tioning” the sums of squares for the survey-station mean size of mature
females. As Somerton (1981a,b) explains, mean size is an appropriate mea-
sure of size at maturity, because the maturity molt is the last molt in the
life span.

Merkouris et al. (1998) compared frequencies of electrophoretically
determined allozyme variants between a pooled sample of 100 Tanner
crabs from two collections from east of 162.75ºW in the EBS with a pooled
sample of 205 Tanner crabs from four collections west of 167.00ºW longi-
tude. These samples are separated by at least 257 km calculated at 57.00ºN
latitude. Electrophoreticlly determined gene frequencies provided sup-
port for a Bristol Bay (eastern) versus Pribilof Islands (western), two-stock
hypothesis (Merkouris et al. 1998). The distribution of Tanner crab is con-
tinuous in the area between their samples and Merkouris et al.’s collec-
tions were too coarsely spaced for specifying geographic boundaries that
might be used in fishery management. Strongly aggregative mating habits
of Tanner crabs (Stevens et al. 1994) might provide a plausible mechanism
for genetic differentiation with minimal geographic isolation. While the
guideline harvest level (quota) for EBS Tanner crab has been apportioned
to different areas of the EBS in some years, separate management areas
based on genetic or morphometric data have not been instituted.

We examine the longitudinal partitioning of Tanner crab distribution
in the EBS by size of mature females using Somerton’s (1981a) method
applied to 1975-1998 data. We also examine the relationship between size
at maturity and depth.

Methods
Data were collected during the National Marine Fisheries Service’s (NMFS)
annual summer EBS trawl survey, 1975-2000. A detailed description of
this survey is reported annually (e.g., Stevens et al. 2000) and is also avail-
able via internet (www.afsc.noaa.gov/kodiak/). Tows were usually made
at centers of squares defined by a 37 ¥ 37 km (20 ¥ 20 nautical mile)
survey grid. Captured Tanner crabs were measured for carapace width
(CW). Females were assessed for maturity by examining shape of the ab-
domen and examining pleopods for any eggs or egg remnants that might
be present. Male maturity was determined from a sample of measured
crabs by measuring the height of the cheliped (CH) and analyzing the CH-
CW relationship to determine morphometric maturity (Somerton 1980,
Otto 1998). All measurements were made to the nearest millimeter using
vernier calipers. Normal distributions were fit iteratively to size frequen-
cies in spreadsheets and parameters rounded to the nearest millimeter.

We applied Somerton’s (1981a,b) method for determining the best
partitioning by longitude to the data on survey station mean size of mature
females for each year during 1975-1998. This method computes the mean
and sums of squares within two subareas delineated by a longitudinal
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division. Data are divided into 0.25 degree increments of longitude. The
longitude of best partitioning is determined by identifying the longitude
in 0.25 degree increments that minimizes the pooled sums of squares for the
two subareas relative to the total sums of squares for the entire survey area.

We also partitioned the data for 1975 through 2000 by 20 m depth
intervals to examine size frequency distributions by depth zone in ma-
ture female and male crabs. This method was used to find depths where
size-frequency distributions of mature crabs changed abruptly. Lesser
depth increments frequently resulted in sample sizes that were too small
to characterize the CW frequency.

Results and Discussion
Geographic trends in mean size of mature females from 1975-2000 sur-
vey data show that females tend to be largest in the shallow eastern por-
tion of the EBS (Bristol Bay) and smallest to the north and west (Fig. 1). We
see, however, that mature crabs occurred in both shallow and deep water
at most latitudes. The range of mean sizes per station square is greater for
longitudes east of the Pribilof Islands (ca. 57.00ºN and 169.50ºW) than it is
to the west of the Islands. Figure 2 shows frequency distributions and
bivariate scatter plots for: mean CW of mature females (MEAN_CW), depth
in meters (DEPTH), distance north from 54.66ºN (S_N), and distance west
from 159.00ºW (E_W) for survey stations. MEAN_CW was negatively corre-
lated with E_W (r = –0.722, P < 0.01), S_N (r = –0.211, P < 0.01 ) and DEPTH
(r = –0.611, P < 0.01). E_W is positively correlated with DEPTH (r = 0.715,
P < 0.01) and S_N (r = 0.562, P < 0.01), but the latter two variables are
uncorrelated (r = 0.06, n.s.). Hence size of mature females tends to be
smaller at more northern, more western, and deeper stations. Interpreta-
tion of such trends is confounded by the correlations among depth and
geographic location in the survey station; the northernmost and deepest
stations occur in the western portion of the survey’s distribution.

Tanner crabs west of the Pribilof Islands tend to be found at greater
depths, where year-round temperatures are buffered by the Bering Slope
Current (Stabeno et al. 1999) and by upwelling along the shelf break. North
of the Pribilof Islands (ca. > 58.00ºN), waters less than 100 m tend to be
cold (<2.0ºC), even in mid-summer. Cold water conditions during summer
in this mid-shelf region are the result of residual winter cooling (Kinder
and Schumacher 1981). The cold, mid-shelf region tends to be dominated
by the snow crab, C. opilio, as are more northern areas of the Bering Sea
(Otto 1998). Tanner crabs may be excluded from mid-shelf areas of the
northern Bering Sea due to cold temperatures, perhaps in combination
with competition for food and space by their cold-adapted congener.

Application of Somerton’s (1981a,b) method for partitioning EBS Tan-
ner crab into two subareas on the basis of adult female size indicates that
the longitude at which the ratio of sums of squares is minimized can be
quite variable (1975 vs. 1987) or almost indeterminate (1983; Fig. 3, top).
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Data from 1975 indicates that best partitioning occurs at 167.25ºW, whereas
data from 1987 indicates it occurs at 162.50ºW. The longitude of best
partitioning (Fig. 3, bottom) varied little from 1975 to 1981 and our re-
sults are nearly identical to Somerton’s (1981a,b). From 1982 onward, how-
ever, the best partitioning becomes unstable and varies from 162.25 W
(1987) to 168.00ºW (1997). Taken at 57.00ºN, this difference is equivalent
to 343 km or 29% of the east to west range of Tanner crab within the
survey area.

Size distribution of mature females can be fit as a mixture of two size
frequency components: one with a mean (standard deviation) of 77 mm (7
mm) CW and the other with a mean of 93 mm (6 mm) CW (Fig.4, top). The
16 mm CW difference between these means is very similar to the 17 mm
CW growth at the puberty-maturity molt that was reported by Stone (1999)
near Juneau, Alaska, but it is slightly larger than the 10-15 mm increment
that was reported near Kodiak (Donaldson et al. 1981). Somerton’s (1981a,b)

Figure 1. Geographic trend in mean carapace width to the nearest 10 mm for
mature female Tanner crabs from 1975-2000 survey data. Largest ma-
ture females are to the east in Bristol Bay whereas smallest mature fe-
males tend to occupy areas near the continental shelf edge.
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Figure 2. Frequency distributions and bivariate scatterplots
of mean carapace width of mature female Tanner
crabs (MEAN_CW), depth (DEPTH), distance north
from 54º40¢ N (S_N), and distance west from 159ºW
(E_W) for NMFS eastern Bering Sea trawl survey
stations 1975-2000.

Hiatt analysis indicates that a 59 mm CW juvenile crab of either sex would
grow 17.9 mm and would be 4 years of age at 77 mm CW in the EBS. We
conclude that the vast majority of EBS female Tanner crabs mature in one
of two instars and that those maturing at the smaller instar are numeri-
cally dominant.

Examination of adult female size distributions in the 1975-2000 data
partitioned by 20 m depth intervals indicated that there were three size
frequency distributions that respectively characterized shallow (<101 m),
transitional (101-121 m), and deep (>120 m ) areas (Fig. 4, middle). Female
Tanner crabs from depths less that 101 m tended to mature at sizes corre-
sponding to the larger (mean = 93 mm CW) size mode determined from
the mixture distribution analysis. Those found at depths greater than 120 m
tended to mature at sizes corresponding to the smaller (mean = 77 mm CW)
size mode. Over the narrow 101-120 m depth zone, the two modes were
almost equally represented. Hence the size at which female Tanner crabs
mature in the EBS appears to be closely related to depth. Mature males also
show distinct size frequencies by depth zone, with large males at depths
< 101 m and small males at depths > 100 m, but do not show the same
abrupt transitional depth zone that characterizes females (Fig.4, bottom).
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Figure 3. Partitioning eastern Bering Sea Tanner crab dis-
tribution on basis of longitudinal variation in
mean size of adult females at eastern Bering Sea
trawl survey stations. Top panel: sum of squares
among station mean adult female sizes within
each of two subareas pooled over both subareas
and divided by the total sum of squares as a func-
tion of the longitude separating the subareas for
survey data collected during 1975, 1983, and
1987; minimum value corresponds to of best par-
titioning. Bottom panel: longitude of best parti-
tioning for 1975-1998.
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Figure 4. Size frequency distribution of mature Tanner crabs captured by the 1975-
2000 eastern Bering Sea trawl survey. Top panel: raw size frequency dis-
tribution of mature females with fit as mixture of two normal distributions,
F1 and F2. Middle panel: Size frequency distribution of mature females
by depth zone. Bottom panel: Size frequency distribution of mature males
by depth zone.
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Juvenile females tend to inhabit deep water near the continental shelf
edge but also extend well onto the shelf in areas southeast of the Pribilof
Islands (Fig. 5, top). Immature males have approximately the same distri-
bution as immature females.

Small mature females 50-83 mm CW are also most common near the
shelf edge (Fig. 5, middle). Large mature females >83 mm CW tend to be in
shallower water and extend well onto the shelf in areas east of the Pribilof
Islands (Fig. 5. bottom). Comparison of Fig. 1 with Fig. 5 (bottom) shows
that the large mature females found at the eastern edge of the distribution
are relatively rare. If ovigerous female Tanner crabs tend to become sed-
entary, the above relations may indicate an ontogenetic migration to shal-
lower water as female crabs mature. Hypothetically, large females would
tend to be found to the east because they have a prolonged period of
juvenile migration. A sparse distribution of very large female crabs along
the eastern edge of the habitat could also result from relatively rare sur-
vival of larvae there, coupled with a tendency for faster growth in shal-
lower, perhaps warmer (see next paragraph), and more productive waters.
Hypothetically, faster growth might imply that Tanner crabs tend to ma-
ture at a fairly constant age and simply go through more instars before
reaching puberty in favorable habitats.

The 1975-2000 EBS trawl survey data contains bottom temperature
records for 173,023 of 203,166 male and female Tanner crabs that were
measured. These data were all taken from mid-May through mid-August.
Bottom temperatures were summarized by depths corresponding to fe-
male maturity-depth zones (Table 1) and indicate little difference in mean
temperature at capture between the deep and mid-depth zones during the
trawl survey. The cumulative distribution of Tanner crab occurrence with
respect to temperature was also nearly identical in mid-depth and deep
waters. Mean temperatures in shallow waters are notably colder as well as
more variable as indicated by an approximate doubling in the inter-quartile
range. Shallow areas to the north of the Pribilof Islands (ca. 58.00ºN) tend
to be cold (<1.0ºC) throughout the year (Ingraham 1983). Shallow areas to
the east of the Pribilof Islands are warmer in late summer or fall although
cold (<2.0ºC) in winter (Ingraham 1983). Because the survey covers the
area east of the Pribilof Islands in May and June they may appear colder
here than would be representative of maximal summer-fall warming.
Ingraham’s (1983) data shows this area to be much warmer later in the
summer or fall, particularly in nearshore areas immediately north of the
Alaska Peninsula where large females are most prevalent. Late summer–
fall temperatures in the area where the largest females occur (Fig. 1) fre-
quently exceed 4ºC (Ingraham 1983 and NMFS trawl survey data).

Our results lead us to three conclusions concerning spatiotemporal
trends in the size at maturity of EBS Tanner crabs. First, a temporally
stable longitudinal border for delineating EBS Tanner crab into two stocks
on basis of size at maturity cannot be established. Second, most female
Tanner crabs in the EBS mature at one of two size modes, which we believe
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Figure 5. Tanner crabs show different distribution patterns for juveniles and adults.
Juvenile females tend to inhabit deep water near the continental shelf
edge (top). Small mature females 50-83 mm CW are also most common
near the shelf edge (middle). Large mature females >83 mm CW tend to
be in shallower water and extend well onto the shelf (middle). Note changes
in scale; mature females 50-83 mm are far more abundant in trawl catches
than the other two groups are.
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represent instars, and maturity most frequently occurs at the smaller of
the two size modes. Third, geographic variation in size at maturity of
females represents variation across depth zones in the relative contribu-
tion of those two size modes to the mature female size frequency, with
larger female crabs predominant in shallower waters and the smaller pre-
dominant at deeper waters near the continental shelf edge.

We propose two hypotheses for future evaluation to account for our
second and third conclusions, neither of which invoke a genetic subdivi-
sion of the stock:

Hypothesis 1: Immature Tanner crabs tend to migrate from deep to shal-
low water, but become less migratory at maturity. Those that do not ma-
ture in deep waters continue to migrate into shallower waters where they
mature at an older age and greater size.

Hypothesis 2: Tanner crabs tend to mature at a constant age, but grow
faster and to larger size at age of maturity in some shallow waters, per-
haps due to warmer or more productive conditions.

Acknowledgments
We thank Claire E. Armistead, National Marine Fisheries Service, for her
assistance in our analysis and presentation of the trawl survey data and
Ric Shepard, Alaska Department of Fish and Game, for his assistance in
preparing the poster version of this paper. David Somerton, Rich Macintosh,

Table 1. Cumulative distribution with respect to temperature (ºC) of all
Tanner crabs measured in the NMFS EBS trawl survey from 1975
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            Shallow           Mid-depth Deep
Percentile        (0-100 m)          (101-120 m)        (121-300 m)                 All

2.5% –0.52 1.83 1.44 –0.05

25.0% 1.60 3.18 3.12 2.34

50.0% 2.56 3.59 3.63 3.33

75.0% 3.51 3.93 3.94 3.87

97.5% 5.23 4.68 4.98 4.99

n 83,499 56,132 32,955 173,023

Inter-quartile 1.91 0.75 0.82 1.53
 range

Female Tanner crabs in shallow areas tend to mature at the larger CW of two possible instars while those
in deep water mature at the smaller CW. In the narrow mid-depth zone both instars are equally represented.
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