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ABSTRACT

A comprehensive description of the Massachusetts coastal lobster
(Homarus americanus) resource was obtained by sampling com-
mercial catches coastwide at sea and at dealerships between 1981
and 1986. A commercial lobster sea-sampling program, wherein
six coastal regions were sampled monthly, with an areal and
temporal data weighting design, was the primary source of data.

An improved index of catch per trap haul/set-over-day was
generated by modeling the relationship between catch and im-
mersion time and standardizing effort. This 6-year time-series
of mean annual catch rates tracked closely the landings trend
for territorial waters.

During the study period there was a gradual increase in indices
of exploitation and total annual mortality which corresponded
to a gradual decline in mean carapace length of marketable
lobster. The frequency of culls escalated from 10.0% in 1981
to 20.9% in 1986, while the percentage of lobster found dead
in traps was consistently less than 1%. The sex ratio (%F:%M)
was significantly different from S0:50 and approximated a 60:40
relationship during the study period.

Male and female weight-length relationships were significantly
different. Females weighed more than males at smaller sizes and
less than males at larger sizes. A north-south clinal trend was
evident wherein lobster north of Cape Cod weighed less at length
than those from regions south of Cape Cod.

Functional size-maturity relationships were developed for
female lobster by staging cement gland development. Propor-
tions mature at size represent more realistic values than those
obtained by analyses of percent of females ovigerous.

Regional variation occurred in most of the parameters studied.
Three lobster groups, differing in major population descriptors,
are defined by our data.

Introduction

The American lobster (Homarus americanus) ranges over
the continental shelf of the western North Atlantic ocean from
Labrador to Cape Hatteras. Its biology and behavior have
been extensively studied (Anthony and Caddy 1980, Cobb
and Phillips 1980, Reinhart 1986). Specific information on
its population dynamics was gathered by governmentai
researchers to formulate the American Lobster Fishery
Management Plan (NEFMC 1983). However, with the ex-
ception of Maine and New York the detailed collecticn of
iong time-series of catch-effort and biological data was lack-
ing among the lobster harvesting states.

Until recently, historical trend data on the lobster resource
along the Massachusetts coast were limited to annual land-
ings in number or pounds of lobster, total traps reported
fished, and licensing statistics. A crude catch-per-unit-effort
(CPUE) calculation (landings/traps reportedly fished) was
available from these data. Additional data describing the
fishery and resource were generated primarily through short-
term research efforts involving sampling of lobster catches
at dealerships or from commercial lobster traps at sea.

Since lobster supports the most economically important
single specics fishery in Massachusetts coastal waters, the
regular assessment of the status of this resource is warranted.
Accordingly, a long-term coastwide lobster monitoring pro-
gram was devised and initiated by the Massachusetts Divi-
sion of Marine Fisheries in May 1981. A structured, com-
prehensive sea sampling-survey design was chosen by which
both CPUE and biological data could be collected temporally
and areally with sufficient precision for stock assessment.
The overall objective was to assess variation in population
parameters due to environmental factors, fishing pressure,
and regulatory changes.

This sampling program provided the core of the data dis-
cussed in this description of the Massachusetts coastal lobster
resource. However, additional studies involved sampling and
procedures which were beyond the scope of the sea-sampling
effort and included special sampling at sea and at dealerships
in association with laboratory analyses.

Methods

Study area

The study area is primarily defined by the Massachusetts
territorial sea, except where lobstering activities of coop-
erating commercial Jobstermen exceeded territorial bound-
aries (Fig. 1). Territorial waters total 5,322 km? (2,055
nmi%), of which an estimated 60% is considered major
lobster habitat. Six sampling regions—Cape Ann, Beverly-
Salem, Boston Harbor, Cape Cod Bay, outer Cape Cod, and
Buzzards Bay—were chosen for coverage of the major lob-
stering regions of the state. For convenience, these regions
are depicted as generalized hatch-marked areas in Figure 1
wherein lobster gear sampled may be discontinuously
distributed.
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Map of Massachusetts coast showing hatch-marked sampling regions and territorial
boundary line.

Sampling

Sampling of coastal waters was accomplished by monitor-
ing catches during normal lobstering operations of volunteer
commercial lobstermen in each designated region. Multiple
lobstering operations were observed to reduce bias from
varying degrees of lobstering skill and to enhance areal
coverage. Five lobstermen were monitored in the southern
Gulf of Maine regions (Cape Ann south through Cape Cod
Bay), three in the outer Cape Cod region, and three in Buz-
zards Bay. Trap-sampling events were day trips, conducted
at least monthly per region (except when manpower limita-
tions precluded effort or cooperating lobstermen were not
operating) during the major lobstering season, May-Novem-
ber. Sampling effort during the study period increased with
manpower availability. In 1981, 36 sampling trips were con-
ducted during which 12,392 lobster were sampled from 5,736

[

trap hauls. In 1986, 82 sampling trips were made during
which 40,114 lobster were sampled from 14,799 trap hauls.

Sea samplers used portable cassette tape recorders to record
the following parameters: 1 Carapace length (CL) to the
nearest mm (to the nearest 0.1 mm between 80.5 and 81.0
mm in order to establish minimum legal size which was 81
mm CL during the study period); 2 sex; and 3 condition,
including degree of shell hardness, culls (lobster with miss-
ing or regenerating claws), mortality, and presence of
extruded ova on females (ovigerous). Catch in number of
lobster, number of trap hauls, and set-over-days were also
recorded. Studies of maturity, morphometrics, and weight-
length relationship (g/mm CL) were accomplished with
samples collected at sea and at commercial lobster
dealerships.



Analytical procedure

Data were computer coded and keypunched for analysis on
the Woods Hole Oceanographic Institution’s computer
systern (Digital Equipment Corp. VAX-11/780). A computer
auditing process was used to detect keypunch and recording
errors, and statistical analyses were performed with SPSS
(Nie 1983) and SAS (SAS Inst. 1985) statistical subprograms.

An areal and temporal data-weighting scheme was incor-
porated into analytical software because parameter means
exhibit significant regional and monthly variations. As a
result, each month’s data contribute equally to regional
parameter means which are weighted by area in square
nautical miles when generating coastwide means.

Unless specified otherwise, the terms ‘‘legal”” or *‘legal-
sized”” lobster include all lobster in the carapace-length
category =81 mm. The non-ovigerous segment of this
category is analyzed separately and referred to as **market-
able lobster.”” The sublegal length category includes all
lobster <81 mm CL.

Data on lobster landings and effort (number of traps fished)
are derived from lobstermen’s catch reports compiled
annually by the Commercial Fisheries Statistics Project of
the Massachusetts Division of Marine Fisheries.

Since current management strategy stresses uniform coast-
wide regulations, all data are grouped for a coastwide anal-
ysis. However, two factors mandate a regional data treat-
ment as well: the uniqueness of the Massachusetts coastline
with its role in providing a temperature barrier at the southern
end of the Gulf of Maine which profoundly affects many
marine species (Colton 1964), and the influence of offshore
lobster stocks on the inshore resource.

Results

Relative abundance

Immersion-time standardization Indices of relative abun-
dance traditionally used to assess the lobster fishery include
catch per trap haul (CTHAUL) and catch per trap haul/
set-over-day (CTHSOD). Thomas (1973) reported CTHAUL
as unreliable due to its insensitivity to seasonal changes in
catchability and emphasized the importance of incorporating
immersion time (gauged by set-over-days) into the index,
since catch varies with fishing time. Consequently, CTHAUL
is useful only in assessing annual abundance trends if immer-
sion time does not vary considerably. CTHSOD represents
an improvement over CTHAUL because of its temporal
weighting function; however, this index is unrealistic because
catch does not increase in direct proportion to immersion
time.

The relationship between catch and immersion time was
investigated for American lobster trap fisheries {Thomas
1973, Skud 1979, Fogarty and Borden 1980, Auster 1983).
These studies concluded that catch increased with immer-
sion time at a decreasing rate toward an asymptote. This
declining fishing efficiency over time is a function of reduced

entry due to bait breakdown, trap saturation, escapement,
or progressive exploitation of available lobster. Miller (1983)
reviewed previous efforts to model this relationship in trap
fisheries for other species as well.

Gulland (1955) derived a nonlinear regression model to
describe the relationship between catch and immersion time:

C, = Co(l—e )

whete C; is the catch on day s, Ce is the asymptotic catch,
and R is the capture rate. Caddy {1977) recommended the
usc of this model to standardize effort to a common immer-
sion time. Milier (1983) regarded it as a widely accepted
model.

To establisk a relationship between catch and immersion
time for use in our analyses, we used 1985-86 CPUE data
(no. lobster) collected from the Cape Ann region. These data
were advantageous because of the large sample size (obser-
vations from 6,167 trap hauls), which included a wide range
of immersion times, and because all data were collected from
a single Jobsterman, thereby eliminating variability attrib-
utable to fishing skill.

Only catch rates for marketable lobster were analyzed.
Sublegals were excluded in order to avoid excessive varia-
tion in catch rates resulting from escapement through vents,
variable vent number, and location. Data were partitioned
by season: Spring (May, June), summer (July, Aug.,
Sept.), and autumn (Oct., Nov.). The relationship between
CTHAUL and immersion time was expressed by Gulland’s
(1955) non-linear regression model (Fig. 2). Generally, catch
increased over time at a decreasing rate toward an asymp-
tote. The relationship for spring data showed a longer time-
period before an asymptote was reached than for summer
and autumn data. The high catch rates and shorter time to
an asymptote observed during summer and autumn probably
reflect the shorter bait-attraction time due to bait breakdown
and the greater availability of legal lobster due to recruit-
ment from the molt. The spring relationship probably resulted
from the effect of cold water temperature in extending bait
life and reducing lobster activity. These factors would be
expected to result in poorer catch rates. The reduced avail-
ability of legal lobster due to fishing pressure is another factor
which may cause catch rates to decline.

In order to correct for variable immersion time, we adapted
Sinoda and Kobayasi’s (1969) approach:

C,=C,(1—¢~R*/|—¢~F5)

where C' is the adjusted catch at day s, C; is the empirical
catch/trap haul on day s, R is the capture rate, and s* is the
standard immersion time (modal or mean immersion time).
The ratio term is an estimate of fishing power and serves
as a correction factor for set-over-days.

Effort was standardized to our survey modal value of 3,
whereby catches of traps hauled following a 3-day immer-
sion were assigned the immersion correction factor of 1.0.
Immersion times greater than or less than 3 days were
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Relationship between predicted American lobster CTHAUL (catch/trap
haul) and immersion time (dotted line), with observed CTHAUL. means
and 95% confidence intervals.

adjusted accordingly (Table 1). These corrected estimates
of immersion time were used to calculate an adjusted
CTHSOD index for marketable lobster which we labeled
CTH’y (CTHAUL standardized to 3 set-over-days, Table
2).

The new index reduces the variability in annual indices
(relative to annual changes in landings) which is evident in
the conventional CTHSOD time-series (Table 3) and tracks
the landings’ trend for territorial waters very well (Fig. 3).
Its 6-year trend is similar to that of CTHAUL (Table 4)
only because the mean annual immersion times for the
1981-86 sampling period were similar, ranging from 3.3987

Table 1
Seasonal estimates of regression model coefficients, predicted
CTHAUIL {(catch/trap haul in numbers of lobster), and soak-time
correction factors for Massachusetts commercial lobster data.

Spring Summer Fall
C. 0.54602 0.83002 0.73470
(SE) 0.05424) (0.04406) (0.04646)
R 0.60831 0.88977 1.11799

(SE) (0.15038) (0.19040) (0.30781)

Predicted Corr. Predicted Corr. Predicted Corr.
Day CTHAUL factors CTHAUL factors CTHAUL factors

0.24883 0.54333 0.49809 0.63313 0.49450 0.69744
0.38427 0.83905 0.68998 0.89318 0.65617 0.92545
0.45798 1.00000 0.77250 1.00000 0.70903 1.00000
0.49810 1.08760 0.80639 1.04388 0.72630 1.02437
0.51994 1.13528 0.82032 1.06190 0.73196 1.03243
0.53182 1.16123 0.82603 1.06930 0.73380 1.03495
0.53829 1.17536 0.82838 1.07234 0.73441 1.03580

NN RN e

Table 2
CTH', (catch/trap haul in numbers of lobster standardized to 3 set-
over-days), statewide and by region, for all marketable American
lobster sampled during commercial lobster trap-catch survey,
Massachusetts coastal waters, 1981-86.

1981 1982 1983 1984 1985 1986

State 0.767 0.785 0.803 0.696 0.825 0.816
Cape Ann 0.732 0.808 0.624 0.663. 0.634 0.699
Beverly-Salem 0.934 0.898 0.881 0.835 0.663 0.496
Boston Harbor — — — 1.108 1.254 1.096

Cape Cod Bay 0.710 0.776 0.680 0.479 0.716 0.822
Outer Cape Cod 0.808 0.824 0.765 0.598 0.856 0.811
Buzzards Bay 0.611 0.571 1.110 0.870 0.953 0.907

Table 3
CTHSOD (catch/trap haul per set-over-day in numbers of lobster),
statewide and by region, for all marketable American lobster sampled
during commercial lobster trap-catch survey, Massachusetts coastal
waters, 1981-86.

1981 1982 1983 1984 1985 1986

State 0.249 0.309 0.302 0.238 0.284 0.263
Cape Ann 0.181 0.349 0.304 0.289 0.238 0.267
Beverly-Salem 0.305 0.368 0.397 0.291 0.197 0.146
Boston Harbor — — — 0.362 0.467 0.367

Cape Cod Bay 0.287 0.364 0.285 0.178 0.280 0.275
Outer Cape Cod 0.125 0.146 €.138 0.113 0.180 0.130
Buzzards Bay 0.202 0.190 0.320 0.314 0.327 0.356
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Commercial American lobster landings and CPUE indices from
Massachusetts territorial waters, 1981-86. CTHAUL = catch/
trap haul; CTHSOD = catch/trap haul per set-over-day; CTH',
= CTHAUL standardized to 3 set-over-days.

Table 4
CTHAUL (catch/trap haul in numbers of lobster), statewide and
by region, for all marketable American lobster sampled during
commercial lobster trap-catch survey, Massachusetts coastal waters,
1981-86.

1981 1982 1983 1984 1985 1986

State 0.747 0.740 0.753 0.668 0.796 0.795
Cape Ann 0.759 0.723 0.504 0.578 0.596 0.660
Beverly-Salem 0.884 0.857 0.793 0.780 0.661 0.494
Boston Harbor — — — 1.107 1.181 1.071

Cape Cod Bay 0.658 0.677 0.617 0.446 0.666 0.797
Outer Cape Cod 0.887 0.896 0.811 0.650 0.896 0.859
Buzzards Bay 0.610 0.578 1.116 0.821 0.938 0.835

to 3.7489. Greater benefits of enhanced data comparability
and accuracy of trends were realized in the smaller regional
data sets where annual mean immersion times sometimes
differed substantially. Consequently, this analysis is an im-
portant adjunct to small-scale commercial trap-sampling pro-
grams in which the mean immersion time sampled is likely
to exhibit annual variability.

An analysis of the CTH’; index for marketable lobster
during the 6-year study period did not indicate significant
differences (based on presence or absence of overlap of 95%
confidence intervals) in the 1981-83 indices, but a statistically

significant decline occurred in 1984. This was followed by
a significant increase in 1985, with no statistical difference
in 1986.

Catches of sublegal lobster are affected by both soak time
and escapement through vents; consequently, soak-time
standardization modeling for this size group would require
different assumptions. Sublegal lobster catch rates were
therefore limited to conventional CTHSOD (Table 5) and
CTHAUL (Table 6) indices which generally increased
through 1983, significantly declined in 1984, then increased
again through 1986.

Commercial landings Historical landings data provide a
perspective on the current condition of the fishery and sup-
port recent catch-rate trends. Annual Massachusetts coastal
landings (excludes data from offshore fishery), available only
in number of lobster, generally declined between 1888
(1,740,850) and 1917 (402,469), then gradually increased
through 1921 (1,618,988, Fig. 4). Subsequent landings,
available only in pounds, increased through 1947 (2,341,882
to 3,663,363 lbs), but were relatively stable thereafter
through 1974. Major increases occurred between 1975
(5,172,545 1bs) and 1986 (12,580,793 Ibs).

These trends in landings were primarily a reflection of
nominal fishing effort (total traps fished). Reported effort
averaged below 20,000 traps through 1918; 30,000-40,000
traps througn 1929; 60,000 traps during 1930-40; then



Table 5 Table 6
CTHSOD (catch/trap haul per set-over-day in numbers of lobster), CTHAUL (catch/trap haul in numbers of lobster), statewide and
statewide and by region, for all American lobster <81 mm CL, by region, for all American lobster <81 mm CL, sampled during
sampled during commercial lobster trap-catch survey, Massachusetts commercial lobster trap-catch survey, Massachusetts coastal waters,
coastal waters, 1981-86. 1981-86.
1981 1982 1983 1984 1985 1986 1981 1982 1983 1984 1985 1986
State 0.580 0.672 0.718 0.521 0.647 0.700 State 1.475 1.401 1.624 1.389 1.705 1.899
Cape Ann 0.067 0.109 0.586 0450 0.395 0474 Cape Ann 0.256 0.199 1.044 0.909 1.031 1.126
Beverly-Salem 0.708 0.711 1.263 0.948 0.833 0.801 Beverly-Salem 1.855 1.713 2.526 2.504 2.567 2.435
Boston Harbor -— — — 0.901 1.162 1.138 Boston Harbor — — — 2.773 3.038 3.314
Cape Cod Bay 0.710 1.013 0.639 0.322 0.594 0.551 Cape Cod Bay 1.544 1.680 1.345 0.825 1.337 1.512
Outer Cape Cod 0.037 0.024 0.038 0.033 0.035 0.027 Outer Cape Cod 0.233 0.145 0.210 0.189 0.160 0.161
Buzzards Bay 0.787 0.620 0.638 0.785 0.848 1.312 Buzzards Bay 2.381 1916 2.316 1.965 2.452 3.118
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Historical American lobster landings and effort data for Massachusetts, 1888-1986.

100,000 traps through 1964. From 1965 to 1986 the number
of traps increased from 160,000 to ~400,000 traps.

Although increased fishing effort has resulted in steadily
increasing landings, the average annual pounds per trap (an-
nual landings/total traps fished) declined between the
mid-1960s and mid-1970s (Fig. 5). It is conceivable that this
may have resulted from a saturation of easily accessible,
coastal lobster habitat with traps. Nevertheless, the annual
average pounds/trap increased between the late 1970s and
1986. This trend is consistent with CTH'; data for the
1981-86 period.

Increases in CPUE between 1976 and 1986 may have been
caused by several factors acting in concert:

1 Expansion of lobstermen’s territories to deeper,
relatively less-exploited habitat to avoid competition.

2 Improved fishing efficiency due to the advent of
LORAN C and color depth finders and their increased use
on lobster boats. These assist in relocating prime lobstering
grounds in deeper, more offshore waters where landmark
relocation is not possible.

3 Enhanced lobster larval survival due to favorable en-
vironmental conditions (i.e., warming trend through late
1970s) may have increased population size. Temperature is
also an important factor controlling molting (Campbell 1983).
Optimal water temperature will enhance the proportion of
lobster molting and maximize legal catch.
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Historical American lobster landings and catch/trap data for Massachusetts, 1888-1986.

4 Juvenile lobster survival may have been aided by the
installation of escape vents in traps mandated by a 1977
Massachusetts regulation. Escape vents also enhance the
catch of legal-sized lobster, presumably due to an inverse
relationship between crowding and probability of entry
(Krouse and Thomas 1975, Fair and Estrella 1976, Krouse
1978, Nulk 1978, Pecci et al. 1978, Fogarty and Borden
1980).

Total lobster landings from all lobster harvesting states also
increased between the late 1970s and 1986 (Anonymous
1988). These increases cannot be attributed to greater fishing
effort alone. In the Canadian Maritimes, where trap limits
and a license moratorium (including a license buy-back
system) have been enforced for years, landings have also in-
creased. Landings there have doubled, and in some areas
have increased five-fold, since 1981 (D.S. Pezzack, Dep.
Fish. Oceans, Halifax, Nova Scotia, Canada B3J 2S7, pers.
commun., June 1988).

Mortality estimates

Estimates of total instantaneous mortality (Z) and total annual
mortality (4=1—e %) were computed by two methods
(which produce extremes in the possible range of estimates).
The method of Gulland (1969) requires computing the slope
of the regression line of numbers at estimated age—15% molt
groups calculated from mean carapace-length increases
attained from molting (Fair 1977), 14% for Buzzards Bay
(Estrella, unpubl. data)—plotted in the natural log. Bever-
ton and Holt’s (1956) process employs von Bertalanffy

growth equation parameters (K =0.0634, L, =253 mm;
Fair 1977) and mean and minimum length of exploitable
sizes: '

Z=K(L,—-DI(-1)

where K = growth rate constant,
L, = asymptotic length,
! = mean length of exploitable sizes, and
[, = minimum exploitable size.

Total annual mortality estimates (4), when computed by
the method of Gulland (1969), were generally high. Six-year
means ranged from 85% (Cape Ann) to 94% (Boston
Harbor) in Gulf of Maine regions, with 97% in Buzzards
Bay and 36 % off outer Cape Cod (Table 7). Estimates com-
puted by the method of Beverton and Holt (1956) ranged from
74% (Cape Ann) to 84% (all others) in Gulf of Maine
regions, with 91% in Buzzards Bay and 42 % off outer Cape
Cod.

Results of Gulland’s method tend to be slightly higher than
those of Beverton and Holt’s for all regions except outer Cape
Cod. Considering the high level of effort in most of the
inshore area, the higher estimates seem more realistic. Mor-
tality estimates have increased over time in response to
escalated fishing effort. The 1981-86 mean Cape Cod Bay
estimates of total instantaneous mortality and total annual
mortality were Z=2.55 and A=92%, respectively, when
calculated by Gulland’s procedure. These values were
slightly higher than 1970-76 means calculated from length-



Table 7

Total instantaneous (Z) and total annual percent (4) mortality estimates of American lobster statewide and by region, Massachusetts coastal
waters, 1981-86.

1981 1982 1983 1984 1985 1986 Mean

Beverton Beverton Beverton Beverton Beverton Beverton Beverton
Gulland and Holt Guliand and Holt Gulland and Holt Gulland and Holt Gulland and Holt Gulland and Holt Gulland and Holt
(1969) (1956) (1969) (1956) (1969) (1956) (1969) (1956) (1969) (1956) (1969) (1956) (1969) (1956)

State 1.58 1.35 1.72 1.45 1.66 1.39 1.66 1.41 1.76 1.47 1.80 1.49 1.70 1.43
79% 74% 82% 77% 81% 75% 81% 76% 83% 71% 84% 78% 82% 76%
Cape Ann 1.65 1.32 2.18 1.39 1.72 1.35 1.92 1.52 1.94 1.33 2.03 1.32 1.91 1.37

81% 73% 89% 75% 82% 74 % 85% 78% 86% 4% 87% 73% 85% 75%

Beverly-Salem  1.97 1.59 2.15 1.70 2.41 1.85 2.71 1.78 3.64 1.96 3.60 1.99 2.75 1.81
86% 80% 88% 82% 91% 84% 93% 83% 97% 86 % 97% 86% 94 % 84 %

Boston Harbor — — — — — — 2.52 1.82 3.59 1.75 2.60 1.92 2.90 1.83
— — — — — — 2% 84% 97% 83% 93% 85% 94 % 84%

Cape Cod Bay 2.53 1.64 2.69 1.92 2.42 1.72 2.52 2.07 2.31 1.88 2.83 1.92 2.55 1.86
92% 81% 93% 85% 91% 82% 2% 87% 90% 85% 94 % 85% 9% 84 %

Outer Cape Cod 0.43 0.54 0.46 0.55 0.42 0.53 0.33 0.52 0.52 0.57 0.51 0.55 0.44 0.54
35% 42% 37% 42% 34% 41% 28% 41% 41% 43% 40% 42% 36% 42%

Buzzards Bay 3.02 2.97 3.00 2.53 8.64 2.26 3.14 2.21 3.55 2.36 3.71 2.41 4.18 2.46
95% 95% 95% N% 9% 90% 96 % 89% 97% 91% 98% 91% 98% 91%

would result from substantial changes in F (Table 9). The
exception is the relatively less-exploited outer Cape Cod
region.

frequency data by Fair (1977) for the same region and by
the same method, Z=2.15 and 4 = 88%. Coastwide annual
mean estimates of Z gradually increased during the 1981-86
study period.

Estimates of fishing mortality (F) were calculated by
Cohort Analysis (Pope 1972) which assumes a von Berta-
lanffy growth curve. Resulting estimates of F plus an as-
sumed natural mortality (M) of 0.15 (Fair 1977) approximate
estimates of Z calculated by the Beverton and Holt technique.

Weighted average estimates of F (weighted by 5-mm size
frequencies) from Cohort Analysis were:

Exploitation rate

Rates of exploitation (u = FA/Z, the fraction of the popula-
tion removed by fishing) and exploitation ratios (E = F/Z,
the proportion of fishing deaths to all deaths) were calculated
with 1986 data. These statistics were estimated in two ways.
First, they were computed with 4 and Z values from the
Beverton and Holt (1956) methodology and F values derived

Statewide 1.27 from Cohort Analysis (because all incorporate von Berta-
Cape Ann 1.22 lanffy parameters); and, second, with 4 and Z vaiues from
Beverly-Salem 1.93 Gulland (1969) and F values derived by assuming M =0.15:
Boston Harbor ' 1.80
Cape Cod Bay 1.70 Beverton and Holt Guliand
Outer Cape Cod 0.47 (1956) (1969)
Buzzards Bay 2.11 u E u E
Survey size-frequency data (all lobster >81 mm CL) were Statewide 0.66  0.85 0.77 0.92
expanded on the basis of total landings from commercial Cape Ann 0.67  0.92 0.81 0.93
lobstermen’s catch reports. The population of legal-sized Beverly-Salem 0.83  0.97 0.93 0.9
lobster in the territorial sea during the 1986 season was then Boston Harbor 0.80  0.94 0.88 0.94
calculated by Cohort Analysis and estimated to be 15,400,000 Cape Cod Bay 0.75  0.89 0.89 0.95
(Table 8). Outer Cape Cod 0.36 0.85 0.28 0.71
Buzzard Bay 0.80 0.88 0.94 0.96

Total mortality rates increased only slightly durirg the
6-year study period; however, significant changes in F can

affect yield. These yield changes can be predicted using FAT These indices reflect the substantial impact of fishing on

values obtained from Cohort Analysis (Jones 1974). Results
indicate that the current exploitation rates in our coastal
regions are so high that only minimal changes in landings

the lobster resource. Intense fishing effort removes the op-
portunity for individual lobster to grow to large sizes. This
effect on size can be described with an additional index which



Table 8
Cohort analysis of 1986 American lobster size-frequency data expanded to total Massachusetts landings.
No. No. Mean
Length group landed in sea no. FIZ ZAT FAT V4 AT F
166.0---171.0 0.503E+03 0.640E+03
161.0---166.0 0.545E+03 0.131E+04 0.937E+03 0.810 0.718 0.582 0.790 0.909 0.640
156.0---161.0 0.152E+04 0.310E+04 0.208E +04 0.847 0.859 0.728 0.982 0.875 0.832
151.0---156.0 0.124E+04 0.481E+04 0.389E+04 0.727 0.439 0.319 0.549 0.801 0.399
146.0---151.0 0.223E+04 0.775E+04 0.617E+04 0.760 0.477 0.362 0.624 0.764 0.474
141.0---146.0 0.299E+04 0.118E+05 0.963E+04 0.740 0.419 0.310 0.577 0.727 0.427
136.0---141.0 0.642E+04 0.198E+05 0.155E+05 0.798 0.520 0.415 0.743 0.700 0.593
131.0---136.0 0.108E+05 0.333E+05 0.260E +05 0.806 0.518 0.417 0.772 0.671 0.622
126.0---131.0 0.274E+05 0.653E+05 0.475E+05 0.855 0.674 0.576 1.032 0.652 0.882
121.0---126.0 0.303E+05 0.103E+06 0.828E+05 0.798 0.458 0.366 0.743 0.617 0.593
116.0---121.0 0.468E +05 0.162E+06 0.130E+06 0.801 0.448 0.359 0.755 0.594 0.605
111.0---116.0 0.778E+05 0.257E+06 0.206E+06 0.815 0.464 0.378 0.810 0.573 0.660
106.0---111.0 0.139E+06 0.424E+06 0.334E+06 0.834 0.500 0.417 0.902 0.555 0.752
101.0---106.0 0.244E+06 0.713E+06 0.556E +06 0.845 0.520 0.439 0.969 0.537 0.819
96.0---101.0 0.254E+06 0.103E+07 0.864E+06 0.792 0.371 0.294 0.722 0.515 0.572
91.0--- 96.0 0.118E+07 0.233E+07 0.160E+07 0.905 0.814 0.736 1.572 0.518 1.422
86.0--- 91.0 0.309E+07 0.571E+07 0.377E+07 0.915 0.895 0.819 1.764 0.507 1.614
81.0--- 86.0 0.401E+07 0.103E+08 0.777E+07 0.878 0.587 0.516 1.233 0.476 1.083
Total 0.912E+07 0.154E+08 Wid. avg. F: 1.271
Table 9
Prediction of the percent change in landings of American lobster at various percent changes in fishing mortality (F), Massachusetts coastal
waters, 1986.
Percent change in F
—-50 —40 -30 =20 —-10 +10 +20 +30 +40 +50
Cape Ann 7.24 7.20 4.58 2.91 1.38 -1.31 -2.44 -3.53 -4.40 -5.45
Beverly-Salem 8.27 7.10 5.43 3.58 1.79 —1.60 —3.33 ~4.69 -5.99 -7.22
Boston Harbor 3.88 4.63 4.09 2.95 1.48 -1.51 -2.99 —4.36 —5.70 —6.83
Cape Cod Bay 9.86 7.87 5.69 3.61 1.71 —1.56 -2.99 -4.39 ~5.60 -6.75
Outer Cape Cod 21.87 17.06 12.11 7.51 3.45 -3.04 —5.42 —-7.40 -9.04 —-10.54
Buzzards Bay 7.62 7.00 5.55 3.78 1.92 -1.81 -3.64 -5.18 —6.73 —-8.29
is easily computed by expressing the number of lobster in Table 10

the recruit molt group, 81-93 mm CL, as a percentage of
the total number of legal-sized lobster. This ‘‘fishing pressure
index’” was high during the 6-year study period (Table 10).
Approximately 87-98% of the lobster landed in all inshore
regions, except one, were captured shortly after molting
beyond the legal size limit of 81 mm CL. Fishing-pressure
indices varied from 38 to 48% between 1981 and 1986 for
the outer Cape Cod region, where a large offshore migrant
group dominates catches. Buzzards Bay exhibited the highest
indices, which varied from 94 to 98% during the study
period.

A slight increasing trend in the 6-year time-series of
coastwide fishing-pressure indices was discernible (Table
10). Furthermore, a comparison of recent and 30-year-old
size-frequency data revealed the effect of escalated fishing
effort. Length-frequency data collected July-September 1957

Fishing-pressure indices (% of all legal-sized American lobster in
recruit molt group), statewide and by region, commercial lobster
trap-catch survey, Massachusetts coastal waters, 1981-86.

1981 1982 1983 1984 1985 1986 Mean
State 86 87 86 86 88 88 87
Cape Ann 91 92 87 89 87 87 89
Beverly-Salem 89 92 94 88 96 96 92
Boston Harbor - — — 93 94 96 95
Cape Cod Bay 90 93 92 94 93 94 93
Outer Cape Cod 46 43 42 38 48 46 44
Buzzards Bay 98 96 96 