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ABSTRACT

An analysis of research and commercial catch data of Jonah crab, Cancer borealis, and rock crab, C.
irroratus, collected near Boothbay Harbor, Maine, revealed dissimilarities in the distribution of the
two species. Jonah crabs were more numerous at the deeper, seaward sampling sites with rocky
substrates, while rock crabs were more abundant on soft mud bottoms of the shallower estuarine
stations. Distribution of both species is dependent upon the environmental factors of temperature,
depth, and substrate type. Absence of Jonah crabs <67 mm carapace width in all collections, indi
cates that, unlike the rock crab, the nursery areas of the Jonah crab are not in nearshore waters. Sex
ratios varied seasonally and spatially for rock crabs and seasonally for Jonah crabs. These variations
seem to be related to changes in local abundance as the result of movement in association with the
reproductive and molting cycles.

Jonah crab, Cancer borealis, and rock crab, C. ir
roratus, make up a small but increasingly impor
tant commercial fishery along the Maine coast.
Since 1966, the price per pound ofcrabs paid to the
fisherman has increased from 4¢ to 12¢ (Figure 1).
As a result the Maine lobstermen have been sell
ing their incidental catches of crabs to offset in
creasing operational costs (bait, fuel, etc.). In view
of the current retail price of American lobster,
Homarus americanus, which often exceeds $3.00/
Ib, the value of the very palatable crab may be
expected to continue to increase. In fact, some
dealers are now paying 20¢ to 25¢/lb for crab.

Despite the present economic value (reported
1977 landed value was $142,106) of Maine's crab
fishery and its potential for future growth, there is
little information on the biology of either of the
cancrid crabs. While several investigators have
studied various aspects of the life history of C.
irroratus, very little work has been done on C.
borealis other than by Haefner (1977) and Car
penter (1978) on the distribution and biology ofC.
borealis on the continental shelf of the Mid
Atlantic Bight and by Sastry (1977) on the larval
development of C. borealis.

To supplement these studies, I have: 1)
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examined the size and sex composition and dis
tribution of Jonah crabs in commercial and re
search catches in Maine waters; 2) described the
width-weight relationship of the Jonah crab; and
3) compared the distribution, size, and sex compo
sition of Jonah and rock crabs from commercial
and research catches.

METHODS

Jonah crabs were caught incidental to the lob
ster sampling program of the Maine Department
of Marine Resources during which vinyl-coated
wire (2.54 x 2.54 cm mesh) and conventional
wooden lobster traps were fished at nine locations
(Figure 2) near Boothbay Harbor, Maine, from
July 1968 to December 1974.

At the time of capture, each crab was sexed and
measured. Carapace width (CW), distance be
tween the two outermost notches on the anterolat
eral border of the carapace, was recorded to the
nearest millimeter.

Width-weight relations were calculated for 110
male (89-160 mm CW) and 90 female (96-131 mm)
Jonah crabs caught by commercial fishermen near
Boothbay Harbor, 1973 through 1976. Wet
weights were recorded to the nearest 10 g. Linear
regression of weight on carapace width was fitted
by the method of least squares to logarithmically
(base 10) transformed data, and analysis of
covariance was used to evaluate the regression
coefficients of males and females for differences.
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FIGURE I.-Catch and ex-vessel price ofJonah and rock crabs (species combined) landed in Maine, 1919-77.

FIGURE 2.-Boothbay Harbor region and loca
tion of sampling sites.
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Additional commercial catch data were pro
vided by Joel Cowger, Maine Department of
Marine Resources, West Boothbay Harbor, Maine,
who obtained measurements of299 commercially
caught Jonah crabs from the Maine coast (Sep
tember 1977-March 1978). Carapace widths were
measured between the tips of the outermost an
terolateral spines. These long carapace width
measurements can be converted to short carapace
width (distance between notches) by the linear
regression Y = -1.669 + 0.973X where Y = short
CW and X = long CW (Carpenter 1978).

RESULTS AND DISCUSSION

Size Composition

Jonah crabs captured with research traps
(mean 104.8 mm CW for females and 113.7 mm
for males) were significantly smaller (t-test,
P<O.Ol) than those crabs commercially landed at
either Boothbay Harbor (mean 114.0 mm CW for
females and 128.6 mm for males) or at other
Maine ports (mean 114.0 mm CW for females and
141.1 mm for males) (Figures 3-5). At first it was
thought that disparities in size composition
might be associated to variations in selectivity of
the research and commercial gear for crabs <95
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mm CW; however, since similar proportions of
small crabs appeared in both the research and
commercial catches (Figures 3-5), the effects of
gear selectivity must be minimal. The near total
absence of crabs <95 mm CW in the commercial
catch from Boothbay Harbor (Figure 4) was the
result of fishermen discarding the smaller crabs
before their landed catches were measured;
whereas, the catches shown in Figures 3 and 5,
which were measured at sea, included all crabs
caught. Thus, I attribute these size disparities to
spatial variations in the distribution of different
size crabs. For instance, research traps were
fished at depths of 3-20 m, whereas, most com
mercial traps were fished at depths of 12-91 m. In
support of this contention, different size groups of
Jonah crabs have been observed to be distributed
within the Mid-Atlantic Bight according to depth
(Haefner 1977; Carpenter 1978).

Male Jonah crabs averaged larger than females
in all catches (Figures 3-5); similarly, male rock
crabs generally averaged larger than females
(Krouse 1972). Unlike female rock crabs, which
have no commercial value because of their small
size (rarely >100 mm CW, Krouse 1972), female
Jonah crabs, which approximate the size of male
rock crabs, are commercially harvested along
with male Jonah crabs.
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FIGURE 3.-Width·frequency distributions of male and female Jonah crabs caught with research traps in the Boothbay Harbor
region, 1968·74.
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FIGURE 4.-Width·frequency distributions of male and female Jonah crabs caught by commercial fishermen in the Boothbay Harbor
region, 1973-76.
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FIGURE 5.-Width-frequency distributions ofmale and female Jonah crabs caught by commercial fishermen at various locations along

the Maine coast,1977-78.

688



KROUSE: DISTRIBUTION OF JONAH AND ROCK CRABS

Upper Mark 1.land

". I" -'-'

Middle Mark I. land /~'"
1 ./'- .<0., '"

Powderhorn 1.land

1

'"" 1121~-·_. 1301_· 19

Green 1.land

(43) (12L~'__ (R61 171) 120l (321 (5"

Cot ledge. /./
\661 _./'

Capitol I. land

'-. 11631
_.__._.-./..............

-\1

Ea.t Boothbay /

........................... 171

Squirrel 1.land /.""",•

/' ""(31 "--..--" --.
Damari.cove Island j''''-....._.

,., 1121 _. ~,"

.2

.2

.2

~

~ .2
:I:

.1
".q:
C<....
~ .2

"- .1
V)
C<
W

; .2

::>
Z

.2

.2

.2

Distribution

The total commercial and research catch of 954
Jonah crabs included only 27 (2.8l)(,) individuals
<90 mm. This might be related to gear selectivity,
but this explanation loses credibility given that
numerous rock crabs (equivalent catchability to
Jonah crab) from 40 to 60 mm CW have been
sampled previously with conventional and mod
ified lobster traps (Krouse 1976). Moreover, the
fact that no Jonah crabs <67 mm CW were ob
served while hand-collecting 2,426 rock crabs
(mean 23.9 mm CW) during a 3-yr intertidal study
(Krouse 1976) or hauling research gear over a 9-yr
period (juvenile rock crabs were frequently seen in
traps) is evidence that small Jonah crabs in Maine
waters, unlike juvenile rock crabs, inhabit deeper
water exclusively. In the Mid-Atlantic Bight, Car
penter (1978) reported that Jonah crabs <30 rom
CW were most abundant in depths <150 m, while
Haefner (1976) found crabs :s40 mm CW to be
most numerous between 75 and 150 m. Both inves
tigators noted that the maximum abundance of
the larger crabs (>40 mm) occured in the 150-400
m strata.

From July 1968 through 1974, 459 Jonah crabs
were captured in 7,055 trap hauls (0.07 crab/trap
haul) with research gear fished near Boothbay
Harbor (Table 1). Fluctuations in the catch in as
sociation with temporal and spatial variations in
fishing effort were assessed by plotting mean
monthly values of catch in numbers per trap haul
(catch per unit of effort, CPUE) for each fishing
area (Figure 6). In areas with relatively high
CPUE (average >0.1), catches gradually in
creased throughout the summer, peaked in the
fall, and then diminished rapidly. Because most
crabs in the· research catch were at least two molt
increments larger than the lower size limit of the
gear's selectivity range, the seasonal rise in CPUE

Jon Feb Mar Apr May June July Aug Sept Oct Nov Dec

MONTH

'FIGURE 5.-Monthly catch penmit ofeffort values for Jonah crabs
collected at various stations in the Boothbay Harbor region, 1968
74. Number of trap hauls are in parentheses. Catch per unit of
effort outliers are marked by alTOWS.

may be explained by recruits migrating into the
fishing areas. Conversely, the decline in CPUE in
winter may be attributed to the effects of fishing
mortality as well as emigration. Jonah crabs have
been reported by Jeffries (1966) to move into the
warmer waters of Narragansett Bay, R.I., from
spring through fall, followed in winter by a move
ment to deeper, relatively warmer waters as in
shore water temperature declined. The closely re-

TABLE I.-Trap catch-effort values ofJonah and rock crabs caught in research traps at various stations near Boothbay
Harbor, Maine, 1968-74.

Jonah crab Rock crab

Area
Depth range

(m) Substrate Hauls
Total no. No. per
caught haul

Total no. No. per
caught haul

Upper Mark Island
Powderhorn Island
Green Island
Middle Mark Island
Cat Ledges
Capitol Island
East Southport
Squirrel Island
Damarlscove Island

Total

5·15
3·10
3·10

10·20
5-15
5·15
5-15
5-20
5-20
3-20

Mud
Mud
Mud

Mud-rock outcroppings
Sand-bedrock

Mud
Mud-rock outcroppings
Mud-rock outcroppings

Sand-bedrock

157
271
396
522
656

2,794
253

1,267
739

7,055

5 0.03
8 0.03
4 0.01

65 0.12
41 0.06
75 0.03
30 0.12

149 0.12
82 0.11

459 0.07

645 4.11
2,062 7.61
1,025 2.59

671 1.29
660 1.01

4,869 1.74
318 1.25

2,674 2.11
535 0.72

13,459 1.91

689



lated European edible crab, C. pagurus, have also
been observed to undertake similar seasonal
movements off the coast of England (Brown3). Li
mited population movements of Jonah crabs has
also been suggested by Haefner (1977).

Although Jonah crabs were caught at each sta
tion, their relative abundance varied markedly by
area as reflected by CPUE values which ranged
from 0.01 to 0.12 (Table 1). Jonah crabs were more
numerous at the generally deeper, more seaward
stations (East Southport, Squirrel Island, and
Damariscove Island) characterized by rocky sub
strates and within the Sheepscot River at Middle
Mark Island where the fishing area borders rela
tively deep water (45 m) and the bottom is hard
packed mud interspersed with rock outcroppings.
Conversely, Jonah crabs were sparsely distributed
at the other stations in the Sheepscot estuary (Up
per Mark Island, Green Island, and Powderhorn
Island) which in contrast to Middle Mark Island
are quite shallow with soft mud bottoms. Thus, the
data indicate that the distribution and abundance
of Jonah crabs reflects bottom type as well as
depth.

Comparisons of CPUE for rock crabs with those
for Jonah crabs at different samplihg sites re
vealed an inverse relationship (Table 1). Rock
crabs were very abundant at those stations within
the Sheepscot River (CPUE: 2.6-7.6) where Jonah
crabs were scarce; whereas, at other areas where
Jonah crabs were more plentiful rock crabs were
less common (CPUE: 0.7-2.1). Based on these ob
servations, rock crabs seem to prefer inshore areas
with mud bottoms while Jonah crabs favor sea
ward locations with rocky substrates. This agrees
with Jeffries (1966) findings that the same two
cancrid crabs are separated spatially in Nar
ragansett Bay according to bottom type: rock and
Jonah crabs inhabit sand and rock substrates, re
spectively. Interestingly, in the more northern
latitudes, juvenile rock crabs, unlike the adults,
show preference for coarse, rocky bottoms (Scar
ratt and Lowe 1972; Krouse 1972; Reilly and Saila
1978), where protection from predators would be
optimum.

Distribution of both cancrid crabs is not only
related to substrate type and depth, but is also
dependent upon water temperature. For example,
in the mid-Atlantic region, Carpenter (1978)
found Jonah crabs at temperatures from 5° to 15° C

"Brown, G. G. 1975. Norfolk crab investigations 1969-73.
Lab. Leal!. 30, 12 p. Fish. Lab., Lowestoft, Suffolk, England.
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with maximum abundance between 6° and 12° C.
Similarly, Haefner (1977) reported Jonah crabs to
be most numerous in the temperature range of
8°_14° C. The more eurythermal rock crabs have
been observed to be widely distributed over the
continental shelf of the Mid-Atlantic Bight and
most abundant inshore particularly during winter
when temperatures are lowest (as low as 2° C)
(Musick and McEachran 1972; Haefner 1976). In
Chesapeake Bay rock crab abundance increases
markedly in winter (2°_8° C) and declines in spring
as temperatures warm (Shotton 1973; Terretta
1973). In view of these data, the distribution ofthe
two cancrid crabs along the Maine coast may be
further examined in relation to temperature. Rock
crabs have been found to be most abundant in
shallow nearshore waters where temperatures
may vary from near 0° C in winter to 18° C in
summer (Welch4 ); whereas, Jonah crabs are more
numerous at greater depths where temperatures
are more stable. Likewise, in the Gulf of St. Law
rence where the temperature regime is great (-2°
to 20° C [Lauzier and HullS]), rock crabs are com
mon and Jonah crabs are nonexistent (Squires
1966; Scarratt and Lowe 1972).

Thus, it appears that the distribution of these
congeneric species in the northern part of their
range is dependent upon substrate, depth, and
temperature.

Sex Ratios

Initially, I examined ratios of male to female
Jonah crabs in monthly catches at each fishing
site; however, due to the small sample sizes for
several of the groups, area catches were combined
by month (Table 2). The chi-square test, which was
used only when the monthly N was ~10, indicated
that July through September ratios deviated sig
nificantly (P = 0.05) from 1:1. Males dominated in
July while during August and September there
was a preponderance of females. This shift in sex
ratios may be attributed to an apparent movement
of female crabs into warmer shoal water during
summer and early fall as the result of behavior
associated with molting and copulating. The
closely related Dungeness crab, C. magister, and

'W. R. Welch, Marine Resources Scientist, Maine Department
of Marine Resources, West Boothbay Harbor, ME 04575, pers.
commun. February 1979.

"Lauzier, L. M., and J. H. Hull 1969. Coastal station data
temperatures along the Canadian Atlantic coast 1921
1969. Fish. Res. Board Can. Tech. Rep. 150, 25 p.
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FIGURE 7.-Monthly percent frequencies of female rock crabs
caught by research traps at different locations in the Boothbay
region, 1968-74. Numbers in parentheses represent total
number of males and females. Those ratios differing sig
nificantly from 1:1 (P = 0.05 by chi-square) are marked with
asterisks. Blank bars represent no fishing effort.

Because the overlap of data of males and
females composed only a small segment of the
total range of sizes, I applied analysis of
covariance to the total regressions as well as the
partial regressions derived from the data that

Cot ledge,

females may be related to the Sheepscot River
sites' soft mud substrate, which females apparent
ly seek during the spawning season. From
laboratory observations it appears that unless
females are burrowed in the substrate at the time
of egg extrusion, many eggs will not become at
tached to the pleopods resulting in a significantly
reduced complement of eggs. Edwards and Early
(1972) reported that female C. pagurus also show
preference for soft substrates during the spring.

Lindsay (1973) also noted that sex ratios of
Maine rock crabs vary by locality and season. He
also found males to be more abundant in the
winter and spring.

TABLE 2.-Monthly captures and sex ratios of Jonah crabs
caught with research traps, 1968·74. Asterisks denote sig
nificant deviation from 1:1 (chi-square).

Ratio I--------=R-at::-Io-
Month ° Co:91 ._M...:.o_nt;....h__o__9_--:..Co_:_9.:.....1
Dec.-Apr. 10 4 2.5:1NS Aug. 39 81 1:2.1"
May 7 3 2.3:1NS Sept. 38 117 1:3.1"
June 8 2 4:1NS Oct. 44 45 1:1NS
July 24 7 3.4:1' Nov. 11 19 1:1.7NS

NS = not significant.
• = P<0.05.

" = P<0.01.

European edible crab have been reported to move
inshore in spring and offshore in fall (Dewberry
1956; Hoopes 1973; Brown see footnote 3). In fact,
mature female European edible crabs have been
observed to move considerable distances (;;.225
km) along the coast of England (Brown see foot
note 3).

Sex ratios of rock crabs caught with research
gear varied not only by season but also by area
(Figure 7). From July through September females
generally outnumbered males, throughout the fall
many of the sex ratios approximated a 1:1 relation,
and then in winter males were dominant except in
the upper Sheepscot River where they predomi
nated only in May. Similar to Jonah crabs, sea
sonal variations in rock crab sex ratios may best be
explained by changes in the crabs' availability and
vulnerability to the research traps in association
with shedding and mating behavior. For instance,
peak catches offemales during summer and early
fall coincided with egg hatching (summer) and
molting (fall) in Maine waters (Krouse 1972).

Higher proportions of male rock crabs in winter
and spring catches may be attributed to: 1) re
cruitment of males as the result of winter-spring
shedding (Krouse 1972) and, possibly, inshore
movement (Haefner [1976] suggested that male
rock crabs in the Mid-Atlantic Bight undertake
seasonal inshore-offshore migrations); 2) in
creased feeding activity of newly molted crabs;
and 3) a reduction in the availability and vulnera
bility of females during the winter spawning
period (Dewberry [1956] noted that ovigerous
female C. pagurus consume little food). Through
out summer the number of male rock crabs, par
ticularly those >90 mm CW, diminished due to
fishing mortality and, perhaps, an offshore move
ment.

The upper Sheepscot River sites, unlike the
other locations, had a preponderance of females
during fall and winter, yet in spring, similar to
other areas, males were more numerous (Figure
7). Perhaps this relatively high abundance of
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overlapped. Significant differences (P = 0.05) were
found between the y-intercepts of either sex for
both the complete and partial regressions, so
males and females were treated separately. Plots
ofthe predictive regressions show that male Jonah
crabs averaged about 8% heavier than females of
the same CW over the range 115-130 mm (Figure
8).

SUMMARY

From July 1968 through March 1978,419 male
(67-168 mm CW) and 535 female (74-136 mm)
Jonah crabs were collected from research traps
and commercial fishermen. Even though male
Jonah crabs attain larger sizes (mean sample
113.7-141.1 mm CW) than females (mean sample
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104.8-114.0 mm), many female Jonah crabs are
harvested commercially whereas, rock crab land
ings are chiefly composed of males.

No Jonah crabs <67 mm CW were caught and
only 2.7% of the total catch were <90 mm CWo
This with other evidence indicates that small
Jonah crabs inhabit greater depths (>20 m) than
those sampled.

Catch per unit of effort values for Jonah crabs
caught with research gear generally increased
during summer, peaked in fall, and then declined
sharply. Fluctuations in the catch were attributed
primarily to movement. Catches were highest at
the deeper, more seaward sampling sites where
the substrate was predominantly rocky. In con
trast, rock crabs were more abundant at those
relatively shallow estuarine stations having soft

550
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27444
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FIGURE 8.~arapace width-weight rela
tionships calculated for 110 male and 90
female Jonah crabs from the Boothbay
Harbor region. Standard errors of the re
gression coefficients are 0.1793 (a) and
0.0850 (b) for males and 0.2023 (a) and
0.0984 (b) for females.
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mud bottoms. Distribution of both cancrid crabs
appears to be controlled by substrate type, depth,
and temperature.

Male Jonah crabs outnumbered females in the
catch in July; the opposite occured in August and
September; during the remaining months, sex
ratios did not differ significantly from 1:1. In com
parison, female rock crabs generally predomi
nated July through September, during fall mo~t
ratios approximated 1:1, and in winter and spring
males usually dominated with the exception of
most estuarine locations where males were only in
the majority during May.
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