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Abstract

The Northeast Marine Fisheries Board recently completed a comprehensive management plan
for American lobster Homarus americanus, the most important provision of which is to raise the
legal minimum size of lobsters from 81 to 88.9 mm carapace length incrementally over 5 years.
Its objective is to increase egg production and recruitment, and thus reduce the likelihood of
stock failure; economic benefits are anticipated for fishermen. However, a model used to analyze
the frequency distributions of some 9,000 Maine lobsters demonstrates that in every year the
legal minimum size is increased, smaller numbers and less weight of lobsters would be landed
than at present. After the legal measure reaches 88.9 mm, there most likely still would be fewer
lobsters harvested, but a 7.9% increase in landed weight due to increases in yield/recruit. An
economic analysis by two-stage least-squares regression demonstrates that these changes in catch-
es would result in a loss in total revenue to the Maine lobster industry in all 5 years the legal
measure is increased. After it has reached 88.9 mm, total revenue to lobster fishermen most
likely would be 5.5% higher than it is now, a 13% internal rate of return on investment. These
results suggest that increasing the legal lobster measure is problematic from the point of view

of those in the industry.

This paper presents biological and economic
data on the effect of raising the legal minimum
carapace length of American lobster Homarus
americanus from its current limit of 81 mm to
a proposed limit of 88.9 mm.

In the past 10 years, biologists, fisheries ad-
ministrators, and fishermen have become in-
creasingly concerned that the American lobster
is being badly overexploited, and that there is
a serious danger of imminent stock failure,
which could lead to a drastic decline in catches
and revenues for lobster fishermen and coastal
communities. In the past several years, many
different bills and recommendations for legis-
lation have been drafted, including some deal-
ing with limited entry and trap limits. Most of

these bills have not passed. Several lobster bi-
ologists believe that one of the most effective
kinds of conservation legislation would be to
raise the minimum legal size of lobster from 81
mm to 88.9 mm. Few recommendations make
fishermen more anxious, or are likely to gen-
erate more political opposition, than this one.
The biologists point out that at least 90% of
all lobsters are caught in the first year after they
molt into the legal size, when they are between
81 mm and 92 mm (all sizes in this paper refer
to carapace length). Only 6% of females are
sexually mature at 81 mm (when they can be
caught legally), whereas nearly all females are
mature by the time they reach 98 mm at least
2 years later. Thus, biologists conclude that
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about 90% of female lobsters do not survive to
extrude eggs. An increase in the legal measure
to 88.9 mm, they state, would ensure that at
least 60% of female lobsters would have an op-
portunity to bear eggs at least once so that a
very small increase in the legal measure would
have a profound influence on the number of
eggs released in the water, and ultimately on
the long-run prospects for the industry itself.

Fishermen agree that a very large number of
lobsters caught in Maine are just over the cur-
rent legal size, and this is the source of their
objection to raising the legal limit. They are
afraid that an increase in the minimum mea-
sure to 88.9 mm would mean that a large per-
centage of the lobsters now caught would be-
come illegal so that their incomes would be
reduced drastically. In addition, they are wor-
ried that the larger lobsters resulting from an
increase in the measure would be less market-
able than the small, so-called “chicken” lobsters
currently caught.

The biologists counter with the argument
that they would not raise the legal minimum
size to 88.9 mm in one step. That, they admit,
would lead to severe revenue losses for most
fishermen. Rather, they propose to raise the le-
gal measure to 88.9 mm over the course of 5
years in 1.6-mm annual increments. Such small
increases, some believe, would minimize the re-
duction in catches and cause little economic
hardship. In addition, they are certain that
there is a good market for larger lobsters. Ac-
cordingly, a recommendation to increase the
legal measure to 88.9 mm has been made a key
feature of the Comprehensive Management
Plan for American lobster recently produced by
the Northeast Marine Fisheries Board (Anon-
ymous 1978).!

Although political support for, or opposition
to, this proposed management technique ulti-
mately will depend on the effect it has on fish-
ermen’s income, neither the fishing industry

! Current regulations, and those recommended in
the Management Plan, are couched in English mea-
surement units. The proposal is to raise the minimum
carapace length from its present 3%1s inches to 3%/
inches, in /16-inch increments. Metric equivalents
taken to 0.1 mm, as they are in this paper, are un-
realistic for field applications, but they help to em-
phasize that the annual size increments would be
equal.
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nor fisheries managers have useful estimates of
the economic consequences that changes in the
legal measure might have. In this paper, we will
provide such estimates and discuss their impli-
cations for lobster management. First, we will
present biological data in an attempt to project
changes in the length-frequency distribution of
lobsters in the catch, from which changes in
harvest weights can be calculated. Second, we
will present an economic model to determine
the effect of changes in the legal lobster size on
revenue received by fishermen.

The argument in this paper is based on the
idea that fishermen are being asked to invest in
the lobster industry. Current catches are being
traded off for increased catches in the future.
The key question is: Is this investment worth-
while economically? Specifically, the study dem-
onstrates that fishermen would lose income in
the 5 years the legal measure was being in-
creased, and would gain in the subsequent
years. It is not clear that benefits will outweigh
costs.

The Biological Model

Data Base

Data were gathered as part of a general study
of the lobster industry in the towns around
Muscongus Bay on the central Maine coast. The
data were gathered by six interviewers, who
rode eighteen lobster boats during July and
August 1977, November and December 1977,
and April and May 1978. Every legal-sized lob-
ster (N = 8,605) caught was measured with cal-
ipers.

James Thomas and his research crew from
the Maine Department of Marine Resources
also obtained size frequency distributions for
lobsters from all over Maine from 1966 to 1977.
In these years, he sampled 35,855 lobsters (J.
C. Thomas, personal communication 1977).
Despite the difference in the times the samples
were collected, and the difference in sampling
techniques, there are no important differences
in the frequency distributions of lobster sizes
reported by Thomas’ research and our own.
However, our sample turned up significantly
more lobsters between 81 mm and 84 mm than
are reported by Thomas. This difference does
not cause any substantial change in the results
produced by our model over the long run. The
size frequency distributions confirmed a point
that experienced fishermen make repeatedly—
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that a very high percentage of lobsters caught
are just over the legal limit. Of all lobsters mea-
sured, 59% were under 88.9 mm (Table 1), and
this much of the catch would be lost if the legal
measure were increased from 81 mm to 88.9
mm in one year, which would put many fish-
ermen out of business. The regulation actually
being proposed is to increase the measure in
much smaller increments for 5 years. Table 1
shows that in the first year, as the measure is
increased from 81 mm to 82.6 mm, the total
number of lobsters caught will fall 11.7%, but
after that the table will support no reliable pro-
jections. To measure the incremental changes
that will occur, changes in the frequency dis-
tributions in the catch need to be taken into
account, along with several other factors such
as natural mortality, trap selectivity, escape-
ment from traps, annual rate of carapace
growth, the proportion of female lobsters in
each size category that are mature, and the pro-
portion of mature females in each size category
that are “berried” (egg-bearing). For the latter
variables, we have used the estimates of expe-
rienced biologists.

Natural Mortality

There is a wide range of figures in the liter-
ature on annual average natural lobster mor-
tality. At one extreme, there are estimates that
only 2% of the lobsters will die if left in the
water an extra year; other estimates range up
to 30% (Thomas 1971). J. C. Thomas, who has
had much experience in Maine, believes that
the best estimate of annual average natural
mortality is about 10% (personal communica-
tion 1980). We use this figure but its uncertain-
ty must be stressed. Of the other eight pub-
lished estimates, four are higher than 10% and
four are lower (Anonymous 1978). Obviously,
estimates of natural lobster mortality have high
variance.

Escapement

According to Maine law, lobster traps must
have a vent to allow small lobsters to escape.
Thomas (1971) estimated that 90% of the lob-
sters between 81 mm and 82.6 mm escape, and
about 10% of those between 82.6 mm and 84.1
mm do so as well. Our data suggest that very
few 81-mm to 82.6-mm lobsters escape from
traps at current vent sizes. In our model, we
use Thomas’ data on escapement for certain
purposes and our own at other times.

TaBLE 1.—Size-frequency distributions of American lob-
sters in commercial catches of Maine fishermen. The cur-
rent legal minimum carapace length is 81.0 mm; §8.9
mm is a proposed minimum (highlighted by asterisks).

This study Thomas®
Carapace
length Cumula- Cumula-
(mm) N tive % N tive %
81.0-82.6 892 11.7 1,853 5.2
82.6-84.1 867 23.0 3,918 16.1
84.1-85.7 870 34.4 4,609 28.9
85.7-87.3 988 47.4 4,150 40.5
87.3-88.9% 878* 58.9% 4,103* 52.0%
88.9-90.4 927 71.0 4,108 63.4
90.4-92.0 780 81.3 3,458 73.1
92.0-93.6 526 88.1 2,980 81.4
93.6-95.2 266 91.6 2,741 89.0
95.2-96.8 137 93.4 1,270 92.6
96.8-98.4 79 94.5 733 94.6
98.4-100.0 66 95.3 336 95.5
100.0-101.6 58 96.1 272 96.3
101.6-103.1 53 96.8 219 96.9
103.1-104.7 63 97.6 219 97.5
104.7-106.3 36 98.1 183 98.0
106.3-107.9 35 98.5 130 98.4
107.9~109.5 34 99.0 113 98.7
>109.5 78 100.0 460 100.0

2 Unpublished data for 1966-1977, covering all of Maine.

Growth Rate

Virtually all lobster biologists agree that new-
ly recruited lobsters in Maine waters grow
about 14% in carapace length and increase 40—
50% in weight with every annual molt (Thomas
1971). In a cold year, molting of some lobsters
might be retarded so that average annual
growth might be 13%. The range of growth
rates used in our model is 13-15%.

Mature and Berried Females

Some female lobsters will become sexually
mature when they stay in the water for an extra
year, and some of these will carry eggs, becom-
ing illegal to catch. Both factors influence the
weight of legally available lobsters. All percent-
ages of mature and berried lobsters in any size
class come from Krouse (1972) and Thomas
(1971). Krouse has studied the proportion of
mature females in each size class; Thomas’ data
indicate that an average 30% of sexually mature
females are berried at any given time.

Assumptions of the Model

Five major assumptions underle the biolog-
ical model.
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(1) Recruitment into the fishery will not
change during the years that the legal measure
is being increased. In some years, as every fish-
erman knows, more small lobsters molt into le-
gal size than in other years, but there is no way
to predict such differences. More importantly,
all serious attempts by biologists to demonstrate
a positive relationship between number of eggs
and recruitment have failed. As is stated in the
lobster management plan (Anonymous 1978),
“the relationship between parent stock, larval
abundance, and subsequent catch is not
known.” There are no figures on probable in-
creases in recruitment, nor even any range of
estimates. Given this, it is most prudent to as-
sume that there are no recruitment effects.

(2) Fishing effort will not change. Some fish-
ermen may want to fish more traps as the mea-
sure is increased, and some may go out of busi-
ness. Both factors will affect the fishing
pressure put on the lobsters, but there is no way
to predict what will happen.

(3) As the legal minimum size for lobsters
increases, the legal vent size will be increased
as well to reduce cannibalism, death from han-
dling, et cetera. Specifically, it is assumed that
the current vent size will remain in effect dur-
ing the first 4 years that the measure is in-
creased but will become larger in the fifth year.
This will reduce the number of 88.9-mm lob-
sters retained in traps. :

(4) The average length (L;, mm) of lobsters
in size class ¢ can be converted to average
weight (W;, g) by Thomas’ (1971) formula:

W; = (0.001682)L,,%82826,

(5) Our length-frequency distributions from
Muscongus Bay are representative of the lob-
ster population in Maine as a whole.

Structure of the Biological Model

The object of our biological model is to pre-
dict changes in the size and weight of lobsters
in the catch as the legal minimum size is in-
creased incrementally. The model operates by
predicting two kinds of changes that occur.
First, as the measure is increased, lobsters in
that size range must be excluded from the avail-
able catch. At the same time, some of the lob-
sters that were excluded from the previous
year’s catch and survived are now available to
be caught. These lobsters are fewer in number,
but larger in weight. Some of these released

ACHESON AND REIDMAN

lobsters are not available to be caught because
they have died of natural causes or because they
have become “berried.” Second, we have de-
veloped formulas, applied to our sample, to cal-
culate changes in the catch in the entire state.

It is important to note that in the first year,
as the measure is increased from 81 to 82.6
mm, the number of variables the model takes
into account is small. In later years, all of the
variables we have discussed influence size and
weight distributions in complicated ways.

The biological model used in this paper was
modified from equations used by Hancock
(1975) and Gulland (1961), who analyzed the
effects of changes in mesh size on catches of
crabs in England and herring in northern Eu-
rope, respectively.

Let the sample of lobsters collected on the
boats be described by the carapace length-fre-
quency distribution N;, i = 1, ..., k, where N;
is the number of lobsters in the ith size cate-
gory. With this notation, ¢ = 1 is the 81-82.6-
mm category, i = 2 is the 82.6-84.1-mm cate-
gory, and so on down the list in Table 1. This
is the base-year frequency distribution, sampled
with the legal measure set at 81 mm.

We assume, given the large size of the sam-
ple, that the length-frequency distribution of
the total Maine lobster catch is directly propor-
tional to N; by a constant b, which is the ratio
of the total number of lobsters caught on the
coast to those in our sample. In the base year
(the year before the first incremental increase
15 made), the total catch C of lobsters in num-
bers is

k
CO)=b6Y N
i=1

Let C(¢),t=1,..., 6 represent the numerical
catch for years 1 through 6. Starting in year 1
and ending in year 5, the minimum legal lob-
ster size will be increased by 1.6 mm annually.
In year 1, size interval 1 becomes illegal, so

_ S Sl
=%
CH =02 50
where §;(0) 1s the base-year trap selectivity for
the ith size group; that is, the base-year prob-
ability that a trap will retain a lobster of size .
Similarly, §;(1) is the trap selectivity size 7 in
year 1.
In the second year, a proportion of the N;
lobsters released the year before will have

Ny,
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grown to legal size. The catch in year 2 is
SOSi2)
C2)y=1»% i
@ =15 08
NS (2

b2

M)’{u( pj)i\/

where $;(2) is trap selectivity for the jth size
group in year 2, M is the average annual rate
of natural mortality, p; is the proportion of all
lobsters in the jth size category that can be ex-
pected to be bearing eggs, and ¢ is the pro-
portion of lobsters that were in the first size
category in the previous year, but have grown
into the jth size category in the current year.

The expression after the second summation
represents the number of lobsters that, having
been released into the fishery in year 1, have
survived and been caught in year 2. This num-
ber will be less than bN; because trap selectivity
1s different for these new larger lobsters, some
will have died, and some will have become ber-
ried.

The formula assumes that 100% of the lob-
sters released in year 1 and not affected by
these three factors will be caught in year 2.

In the third year, the catch will be

C3) = b 2 —5283 N,
03 30 -
& 2 S(O) 7 j i

where g;; now represents the proportion of lob-
sters that have grown from size 7 in year 2 to
size j in year 3. The values of the g;s depend
upon the annual rate of carapace growth.

In general, for any arbitrary year ¢, the catch
can be represented as

k
Cw=b3 S'(((‘))) N,

- M)qi;(1 — p;)Ns;
D1, 5}.

Carapace lengths are converted to lobster
weights by Thomas’ (1971) formula

x = Min(, 5) y = Min{[Max(0, ¢ —

1 = pIN:Wi,

where x and y are defined as above.

Finally, percent changes from base-year
numbers and weights are

C()y* = 100[C(t) — C(0))C(0).

If either fishing effort or lobster recruitment
change from their base-year levels, the equa-
tions for total catch will be difficult to interpret.
The formulae for the percentage change in
catch remain valid, but instead of the change
from the base-year catch, they represent the
change from what the catch would have been,
had the measure remained at 81 mm. This dis-
tinction will prove important when the biolog-
ical model is integrated with the economic mod-
el to predict changes in lobster industry
revenue.

Results of the Biological Model

We generated three sets of results from the
model. First, we used figures for natural mor-
tality, growth rate, escapement, and berried fe-
males that we consider reasonably accurate, and
produced what we call the “most-likely” results.
A range of estimates exists for some of the vari-
ables used. Because it is possible (but highly
unlikely) that some of the extreme observations
or estimates are accurate, we next used figures
on all variables that would maximize the lobster
catch after the minimum legal measure reaches
88.9 mm. This we call the “best case.” Last, we
calculated the “worst case,” using values that
would minimize the lobster catch at the end of
6 years. It must be stressed that the best and
worst cases are highly unlikely to materialize,
but they are useful for purposes of discussion
and because they set limits on the problem.

Likely Results

In estimating the most likely results, we have
used 10% for annual natural mortality and 14%
for annual carapace growth. We have taken
Krouse's (1972) size distribution of mature fe-
males, and assumed that 30% of all released,
mature females will be berried when caught.
We started with our own length-frequency data
and assumed, as they suggest, that there is no
significant escapement.

Results indicate that in each of the 5 years
the measure is increased, there will be a de-
crease in the number and total weight of lob-
sters caught (Table 2). In the sixth year, after
the measure has reached 88.9 mm, there will
be a loss of 12.0% in numbers, but a 7.9% in-
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TaBLE 2.—Most-likely, best-possible, and worst-possible changes in Maine landings of American lobster if the legal
minimum carapace length is raised incrementally over 5 years.

% change from current landings

Change in
minimum Most-likely results Best-case Worst-case
carapace
Year length (mm) Numbers Weight Numbers Weight Numbers Weight
1 81.0to 82.6 -11.7 -9.2 -11.7 -9.2 -11.7 -9.2
2 82.6 to 84.1 -13.5 =717 -12.8 -6.7 -15.2 -9.9
3 84.11t085.7 -15.7 -6.7 -14.4 -4.6 -19.0 —-11.1
4 85.7 10 87.3 -19.6 -7.1 -14.8 -0.2 —22.7 -11.5
5 87.3 t0 88.9 —20.9 -4.7 —27.3 -8.7 —37.8 —24.2
6 Remains at 88.9 -12.0 +7.9 -7.8 +20.4 —22.9 -3.0

crease in weight over base-year values. There
would be no additional gains expected in the
seventh, eighth, or ninth years.

As the measure is increased from 81 mm to
88.9 mm, the number of egg-bearing females
will double. Although these females cannot be
legally caught, they undoubtedly will increase
the number of eggs in the water. In the far
future, this might augment recruitment to the
fishery but, as noted above, there is no factual
basis for such a projection.

Best-Case Results

In estimating the best-case results, we as-
sumed that annual average natural mortality is
only 4.6%, one of the lowest published figures
(Thomas 1971). We let carapace length increase
by 15% per year. We decreased all Krouse’s
(1972) data for numbers of mature females by
10%, and assumed only 27% will be berried to
inflate allowable catch. We accepted Thomas’
unpublished (1979) estimates that a high pro-
portion of the smallest legal lobsters escape
from traps and survive to be caught in fucure
years, but used our own data on size frequen-
cies.

As is shown in Table 2, in this best case both
numbers and weight of lobsters caught by fish-
ermen will drop during every year the measure
is increased. In the sixth year, however, there
would be a 20.4% increase in the total weight
of the catch due to the larger size of the lobsters
being caught.

Worst-Case Results

We took worst-case mortality to be 24.2%, a
figure that has been suggested (Thomas 1971),
and growth rate to be only 13% per year. We
increased all Krouse’s (1972) data on numbers

of mature females by 10% and assumed that
33% will be berried when caught. We used
Thomas’ data on escapement. Again we used
our own data on length frequencies.

Not surprisingly, under worst-case conditions
both the numbers of lobsters and the weight
caught will decline every year the legal measure
changes (Table 2). Most importantly, there will
be a permanent 22.9% decline in numbers and
a permanent 3.0% reduction in the total landed
weight.

In summary, our model indicates there will
be a drop in both numbers of lobsters caught
and the landed weight as the legal measure in-
creases. In the best and most-likely cases, after
the measure has reached 88.9 mm the numbers
of lobsters caught will be less than in the base
year. There will be, however, an increase in
weight, most likely 7.9%. Whether this will re-
sult in an increase or a decrease in income for
fishermen depends, as we shall see, on the elas-
ticity of demand.

The Economic Model

Revenue to fishermen is the quantity of lob-
sters caught times their ex-vessel price. To as-
sess changes in revenue as the legal lobster
measure is increased from 81 to 88.9 mm, we
need to know the change in the quantity of lob-
sters caught and the price associated with that
change.

In the previous section, we saw that landings
will fall every year the measure increases. The
income of fishermen might drop with them, but
it might increase if the price of lobsters in-
creases with a reduction in catch.

In this section, we will develop a model to
link landings with revenue. This economic
model is derived in two stages. First, we develop
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simple supply and demand equations to obtain
information on the way the price of lobster
changes as the quantity of lobster varies in the
market. (This has nothing to do with changes
in the legal measure.) Second, we transform
our supply and demand equations to an expres-
sion that will accept the data from the biological
model to predict changes in revenue.

Supply and Demand

We have used a two-stage least-squares
regression technique to estimate coefficients in
the demand and supply equations for lobsters
(Wonnacott and Wonnacott 1981). We first de-
rived a list of factors likely to influence lobster
demand and supply, based on economic theory
and observations of the lobster fishery. These
factors were used in the estimation of a supply-
and-demand model of the market for lobsters
between 1947 and 1978. In estimating the
equations for lobster, we used only one simpli-
fying assumption: that there were no price/size
effects; that is, that the price per kilogram did
not vary with the size of the lobster. (This as-
sumption will be discussed below.)

Supply

The supply of lobsters depends in the first
place on water temperature, because tempera-
ture affects activity levels, shedding, and natu-
ral mortality, as well as the predilection of lob-
sters to crawl into traps (Dow 1969). In
addition, the quantity of lobsters landed de-
pends on the willingness of fishermen to fish
for them. This is influenced by the price of oth-
er species that fishermen might hunt as well as
by the weather. For these reasons, the variables
we used in estimating the supply equation were
the ex-vessel prices of cod Gaddus spp., scallops
Placopecten magellanecus, yellowtail flounder Li-
manda ferrugina, haddock Melanogrammaus aegle-
finus, and shrimp Pandalus borealis, which were
obtained from the Maine State Landings Bulle-
tins. In addition, we used variables on the an-
nual average seawater temperature and num-
bers of days per year snow exceeds 2.5 cm.
These latter figures were obtained from the
Maine Department of Marine Resources and
the United States Weather Service.

With these variables, our two-stage least-
squares technique turned up a very surprising
result—the price elasticity of supply is very low
(estimated at 0.18 in 1977). That the supply of

lobsters is so highly inelastic probably indicates
that fishermen are taking all the lobsters they
can possibly take now. Increases in the price
may motivate men to fish harder, but will not
increase the catch.

In economic theory, changes in price are de-
termined by both demand and supply curves.
Because the supply curve for lobster is highly
inelastic, all changes in price are due primarily
to changes in demand. Accordingly, we have
ignored the supply-side effect completely in es-
timating a model for lobster. All social scientists
studying the economics of the lobster industry
have done the same.

Demand

Other factors influence the quantity of any
good that consumers purchase besides the price
of the good itself. The most important of these
are consumers’ incomes and the prices of sub-
stitutable goods. In our demand equation for
lobster, we included information on national
income, obtained from Swrvey of Current Busi-
ness, Bureau of Economic Analysis, United
States Department of Commerce. Data on price
and quantity of most fish species came from
Maine State Landings Bulletins, although some of
the data were derived from Fishery Statistics of
the United States (United States Department of
Commerce), and the ICNAF Statistical Bulletins
(International Commission for the Northwest
Atlandc Fisheries). Data on other food products
that might be substituted for lobster, such as
beef, pork, or lamb, generally were derived
from Agricultural Statistics, United States De-
partment of Agriculture. Price of lobster in the
United States is influenced by imported Cana-
dian lobsters as well as by demand. Data on
imports were obtained from ICNAF.

When our two-stage least-squares technique
was run on these variables, only five signifi-
cantly influenced the demand for lobster (Table
3). The most significant is the price of lobster,
and our figures indicate that as the ex-vessel
price of lobster increases 2.2 cents per kilo-
gram, the amount demanded falls by about
263,537 kg in the United States as a whole. (For
1978, we estimate the price elasticity of demand
is —1.292, and the income elasticity of demand
is 0.86.) National income is next in degree of
importance; if it increases by one billion dollars,
the increase in the quantity of lobster demand-
ed will be 20,865 kg. Increasing prices of scal-
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TaBLe 3.—Estimated lobster demand equation in the
United States: 1947-1978.

Symbol
Regression Signif- in
Variable? coefhficient icance®  equation
Lobster price —0.5808 0.0001 by
National income 0.0459 0.0001 b,
Price of scallops 0.0732 0.005 by
Price of clams 0.1402 0.005 by
Price of rock lobster
tails 0.0121 0.1 b
Constant 49.3412

R* = 0.73; adjusted R? = 0.66

# All prices are expressed in cents per kilogram; national
income is billions of dollars.

® Halibut, beef, pork and chicken were examined but all
proved to be insignificant (P > 0.1).

lops, clams, and imported rock lobster tails,
substitute goods, also raise the demand for lob-
sters. None of the meat products were signifi-
cant, probably because a high percentage of
fish and meat is consumed in specialized res-
taurants whose patrons do not substitute meat
for fish or vice versa.

Modified Demand Equation

The biological model provides estimates of
relative changes in future Maine lobster land-
ings, Q(t)*, due to the phased implementation
of the 88.9-mm minimum legal lobster size. To
evaluate the economic impact of these changes,
we first must convert the predicted quantity of
landings into predicted ex-vessel price and then
into estimated changes in future Maine lobster
industry revenues. For this purpose we have
estimated a lobster demand equation and then
modified it in a series of steps to accept Maine
data on lobster landings from our biological
model. The steps in this modification process
are outlined below.

The demand equation which shows the re-
lationship between the quantity of lobsters pur-
chased, the level of national income, and the
prices of certain seafoods that are substitutes
for lobsters, can be represented as

MEQ(t) + USQ(t) + CIQ(t)=

a + b, LO(t) + boNI(t) + b3SC(t) + b4CL(1)

+ bsRT(1).
Here, MEQ, USQ, and CIQ are quantities of
American lobster landed in Maine, landed else-
where in the United States, and imported from

Canada, respectively; ¢ indicates year; LO, SC,
CL, and RT are the prices of lobster (ex-vessel),
scallops, clams, and rock lobster tails, respec-
tively, in constant (inflation-corrected) dollars;
NI is national income, and q, by, . . ., bs are the
regression coefficients given in Table 3. In the
demand equation dollar values were corrected
to 1967 dollars, but results of the economic
model are reported in 1978 dollars to facilitace
comparison with current dollars.

Revenues to Lobstermen

To project revenues, the demand equation is
solved for lobster price LO(t); the revenue R(¢)
to Maine lobstermen is price times Maine land-
ings:

R(t) = LO(tYMEQ(1);

or, because MEQ(t) is the same as () from
the biological model,

R(t) = LO(Q(Y).

The annual gain, or loss, in Maine lobster
revenue that results from the phased change in
the minimum legal carapace length is

AR(t) = R(t) — R(0),

where R(0) is base-year revenue measured be-
tore the carapace regulation is changed. The
percent change in revenue R(¢)* 1s

R(t)* = 100AR (¢)/R (0)
= 100[R(¢) — R(0)VR(0).

Because we are interested only in the effect
on revenue caused by changes in legal mini-
mum lobster size, we have fixed all the variables
except lobster price and Maine landings at their
1977 (¢ = 0) levels. These are USQ = 14.38 x
10% kg, CIQ = 6.55 x 10° kg, NI = $834.88 X
10°, SC = $2.32/kg, CL = $1.44/kg, and RT =
$6.53/kg.

Finally, to determine whether or not the pro-
posed change in legal measure is of economic
benefit to the industry, we must obtain the in-
ternal rate of return for the changes in reve-
nues that will occur as the measure is increased
incrementally. This we calculated by a standard
equation (Weston and Brigham 1975), which
must be solved for r, the internal rate of return:

2 AR(t
3 ()

a1+

Although the predicted changes in revenues
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1977 Base price

LOBSTER PRICE-DOLLARS

1977 Base quantity —\}

Least elastic demand

Intermediate elasticity

Most elastic demand

LOBSTER LANDINGS~MILLIONS OF kg

FIGURE 1.—General relationships between ex-vessel prices for American lobster and quantity of landings under three

conditions of demand elasticity.

are evaluated for only the first 20 years, ex-
tending the time horizon beyond 20 years will
not significantly increase the internal rate of
return.

In order to determine how sensitive the rev-
enue predictions are to statistical error, we used
three different estimates for the lobster price
coefficient in the demand equation. First, we
calculated revenues to fishermen using a lobster
price coefficient (b, = —0.5805) that came di-
rectly from our estimated demand equation
(—1.292). Then we calculated revenues using
higher and lower price coefficients that repre-
sent greater or lesser, respectively, elasticities of
demand. These higher and lower figures were
obtained by estimating the range of possible
variation on the original price coefficient. Thus,
we have used three different demand equations
(curves) to estimate the relationship between
quantity of lobsters landed and their price (Fig.

1).
Results of the Economic Model

To calculate changes in revenues to fisher-
men as the legal carapace measure changes, we
used the economic model (which takes output
from the biological model) to calculate nine sets
of results: the best, worst, and most-likely bio-

logical cases in combination with relatively
more elastic, relatively less elastic, and inter-
mediately elastic demand curves.

The most-likely changes in revenue are pro-
jected by the combination of “most-likely” land-
ings with intermediate demand elasticity. These
projections (Table 4) indicate that there will be
a loss in total revenue to the lobster industry in
all 5 years that the carapace measure is in-
creased—from $2.43 million in the first year to
$1.22 million in the fifth. In the sixth year, after
the measure has reached 88.9 mm, there will
be a permanent gain of $1.95 million (5.5%) to
Maine lobstermen, which will occur every year
thereafier. These are estimates of gains and
losses to the fishery as a whole, and they do not
predict what income to any given fisherman
might be.

Similar results (not shown) came from the
other eight combinations of landings and de-
mand curves. Every projection shows a loss of
revenue to lobster fishermen every year the
measure is increased. The magnitude of the
loss varies with the combination, of course. The
most optimistic results are produced by the
best-case biological model coupled with least
elastic demand. Under these conditions, there
would be an average annual loss to the lobster
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TaBLE 4.—Changes in revenue to fishermen as the legal
lobster measure is increased from 81 mm to 88.9 mm.

Legal

mea- Land- Reve- Revenue Percent

sure  ings® Price® nue?! change® change
Year* (mm) (10°kg) ($kg) (10°8) (10°%) (%)

1 826 761 431 3282 —-243 -6.885
2 84.1 771 429 3223 202 -5.730
3 85.7 7.82 428 3350 -1.75 —4.968
4 873 776 428 3339 -1.86 -5.272
5 889 799 425 34.03 -1.22 -3459
6 88.9 9.04 411 3720 +195 +5.538

2 Year indicates the number of years after the start of the
incremental increase in the lobster measure.

® Landings in 1977, our baseline year, were 8.34 x 10° kg.

¢ Prices have been adjusted to 1978 baseline levels. In 1977
the base price was $4.12/kilogram.

4 Revenue (landings X price) is expressed in millions of
1978 dollars.

® Revenue change is expressed in millions of 1978 dollars.
(These results have been corrected for inflation.)

industry of only 0.6% during the 5 years the
measure is increased, and a 19.8% gain in rev-
enue in the sixth year. The most pessimistic re-
sult (worst-case biological results with most elas-
tic demand) indicates an average loss of 14.8%
during each of the first 5 years, and a perma-
nent annual loss of 8% thereafter. It must be
stressed that we consider extreme results to be
outlandish because the values used are most
unlikely to occur.

Advisability of Increasing the Minimum
Legal Measure for Lobsters

Is it worthwhile to increase the minimum le-
gal measure for lobsters? The fishermen cur-
rently in the industry will answer differently
from society as a whole. We will begin with the
viewpoint of fishermen and then discuss the
broader implications.

When we increase the legal measure, we are
asking fishermen to sacrifice current revenues
to gain a permanent increase in revenues in the
future. We are, in essence, asking them to in-
vest in the future of the industry. The critical
question then becomes: Is the rate of return on
that investment large enough to compensate
fishermen for the short-run losses in revenues?
The standard method for assessing an invest-
ment when the costs and revenues extend over
a period of years is to calculate the internal rate
of return. These rates vary for the nine com-
binations of landings and demand elasticities

TABLE 5.—Annual internal rates of return® to Maine lob-
ster fishermen if minimum legal carapace lengths are in-
creased from 81.0 to 88.9 mm, projected by combinations
of biological and economic models.

Biological model

Most-
Economic model Best likely Worst
Most elastic demand 4% 0% 0%
Intermediate elasticity 4% 13% 0%
Least elastic demand 70% 43% 0%

2 Internal rates of return were calculated over 20 years for
constant 1978 dollars.

(Table 5). As we saw (Table 4), under the most
likely revenue projections, fishermen will sac-
rifice an average 5.3% of their current revenues
in each of the 5 years the carapace measure is
increased, and will gain 5.5% every year after
the measure reaches 88.9 mm. For this most
likely outcome, the return on the lobster fish-
ermen’s investment as the measure is increased
is 13% (Table 5, center cell).

We ran the same model, with the same spec-
ifications, using Thomas’ size-frequency data in
place of our own. Again, the most likely esti-
mate of internal rate of return was 13%. Our
data indicate more small lobsters than Thomas
observed; with our figures in the model, eco-
nomic losses are greater in the first years the
measure is increased, but smaller in later years,
and the long-term gain is slightly greater.
These differences balance out, so that the same
internal rate of return is produced by both
Thomas’ data and our own.

The most pessimistic result is generated by
worst-case biological data combined with most
elastic demand: 0% internal rate of return (Ta-
ble 5). Should these extreme assumptions prove
accurate, fishermen would not only lose in the
first 5 years, but would suffer additional losses
in every subsequent year. The most optimistic
results—from best-case biological data with
least elastic demand—give an internal rate of
return of 70%. Under these conditions, fish-
ermen would receive back not only the original
investment they made as the measure was being
increased in the first 5 years, but 70% more in
every subsequent year. Again, we regard these
most optimistic and most pessimistic results as
wholly unrealistic.

According to our best estimate, fishermen
will get a 13% return on the financial sacrifice
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they make during the 5 years of change in the
legal measure. Return on investment in grow-
ing industries in the United States was only 10—
12% during 1979, and this is considered good.
Given these figures, fishermen probably would
be rational to support an increase in the cara-
pace measure. Two important caveats should
be added. First, there is no guarantee they
would receive 13%; some of our data are un-
certain enough that smaller or larger returns
might materialize. Second, the inevitable short-
term sacrifice will be borne by fishermen now
in the business, some of whom may not be
around to reap the long-term benefits; the ben-
efits will accrue, in part, to newcomers. Thus,
to individual lobstermen, the financial merits of
a change in minimum legal carapace length
may appear dubious.

From the point of view of the state of Maine
as a whole, one can make a stronger case for
increasing the measure. Our data indicate that
an increase in the measure likely will bring
some increase in revenues in the future. We are
not certain which fishermen will gain the ben-
efits but we know that fishermen in aggregate
will gain financially over the long run.

In addition, an increase in the measure prob-
ably will double the number of egg-bearing fe-
males. Given the uncertainty of the stock-re-
cruitment relationship, we do not know if this
will result in higher catches in the future, but
it will add a margin of security that some biol-
ogists feel is necessary if a drastic decline in the
lobster population is to be averted (Anonymous
1978).

Research to Improve the Model

In the course of doing this research, we dis-
covered that the precision of our model is lim-
ited chiefly by two things. First, it is very sen-
sitive to estimates of natural mortality. As noted
previously, estimates of natural mortality vary
from 4% to 30%. Although most biologists
agree that it is about 10%, firmer estimates with
confidence intervals would help narrow the
range of our biological estimates. Second, the
precision could be increased if economic data
were available in monthly rather than annual
time units. The lack of monthly data probably
has caused us to overestimate somewhat the
economic benefits of increasing the carapace
measure.

A third important area for future concern is

the size-price relationship. Students of fisheries
economics have noted that differential prices
are paid for fish of different size, and they are
beginning to take size into account in estimating
demand for fish (Gates 1974). Such size effects
exist in the lobster industry. In the Boothbay,
Maine area, particularly, a premium price is
charged for prime “dinner” lobsters. “Chicken”
lobsters and larger lobsters bring a lower price
per unit weight. In our model] we have ignored
this issue. We recognize that a change in the
carapace measure will alter these size-price ef-
fects because it will change size distributions in
the catch, but we do not know exactly how. An
increase in the measure will bring a greater
yield of “dinner” lobsters (0.55-0.67 kg), which
now bring a higher price. If the price holds,
there might be increased revenues to the in-
dustry, but price could drop if enough lobsters
of this size are harvested. On the other hand,
an increase in the measure will result in fewer
small lobsters; these scarce “chicken” lobsters
might bring the highest price per unit weight
if there is a group of consumers or restaurant
owners that prefers them. Available data sup-
port no prediction about the effect lobster size
will have on industry revenues as the measure
Is increased.

Last, but not least, the need for further re-
search on recruitment is very obvious. Addi-
tional factors could have caused us to overes-
timate internal rates of return. Gauges used by
fishermen for measuring lobsters would have
to be changed repeatedly, and an increase in
the vent size would mean that millions of traps
would have to be altered. In addition, there will
be costs in administration, education, and en-
forcement. We have ignored these costs, due to
the problems of estimation involved. However,
our model would have been improved had
some way of including them been devised.
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