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Bioeconomic Relationships

for the Maine American Lobster Fishery

with Consideration of Alternative Management Schemes

ROBERT L. DOW, FREDERICK W. BELL, and DONALD M. HARRIMAN'

I. INTRODUCTION

The American lobster (Homarus americanus) was
an important food source to the indigenous coastal

peoples and later to the early European settlers.

Until the early decades of the 19th century, how-
ever, the Maine lobster resource was not fished com-
mercially to any appreciable extent. Out-of-state

lobstermen first appeared off the Maine coast in

Casco Bay during 1826. This development marked
the beginning of the commercial fishery and was a

direct result of the growing demand for lobsters in

the New York City and Boston markets. Resident

and nonresident fishermen participated, extending
their operations eastward to Penobscot Bay and
Eastport by 1850. Shipbuilding and sailing were the

major occupations of the Maine coastal population;

lobstering was a seasonal, part-time vocation.

Lobster pots evolved as the most important type
of gear during the early stages of the fishery, replac-

ing hoop nets, gaffs, dip nets, and hook and line.

Live lobsters were transported to urban markets
aboard wet-well smacks equipped with holds in

which seawater circulated freely. Dry-well smacks,
similar to ordinary cargo carriers, were also used.

During its earliest stages, lobster fishing was limited

to those areas served by public transportation.

As the demand for American lobster expanded over
the last hundred years, it was quite apparent that the

once virgin lobster stock was increasingly exploited.

The increasing depletion of fishing grounds in several

areas off the coasts of the United States has created

many problems of biological as well as economic na-

ture.

Unlike most industries, the inshore lobster industry

is faced with the problem created by a common prop-

erty resource. The nature of this resource produces
many unique problems and has given rise to many

'The late Donald M. Harriman contributed extensively to the

biological portion of the study. Robert L. Dow is Research Director

of the Department of Marine Resources (Maine) (formerly the De-
partment of Sea and Shore Fisheries), while Frederick W. Bell is

currently Professor of Economics at Florida State University. We
would like to thank Terry Ellington and Richard Kinoshita for their

help in some of the statistical analyses and Shelva Page for her

editorial and typing assistance.

"conservation" objectives. Because unlimited entry

to a common property resource produces excess
capacity, it is the purpose of this report to present a

theoretical and empirical basis for the "conservation"
of capital and labor in exploiting inshore American
lobster resources. We shall define "conservation" in a
broad sense to include the efficient and economic use
of capital, labor, and the American lobster resource.

Biologists embark on studies concerning the re-

habilitation of these fishing grounds, their mainte-

nance, and eventually the accomplishment of higher

yields. Economists follow closely the loss of income
which occurs in connection with depleted areas, the

increased flow of income in connection with rehabili-

tated areas, and the effects of price changes on pro-

duction and vice versa.

Most of the studies undertaken until now were
either done by biologists alone or by economists alone.

Independent studies by each group, separate from the

other group, and independent solutions to specific

problems may lead to unsound conclusions both from
a biological and an economic viewpoint.

Because of these conditions and the interaction of

economic and biological forces, a combined study of

the management problem in the biological field and of

problems with respect to price and marketing would
appear to yield fruitful results as to principles involved

in this interacting process.

The objectives of this study shall be as follows:

(1) To measure the biological factors that determine

the trend and fluctuations in abundance and produc-

tion of the Maine American lobster;

(2) To analyze the impact of such economic forces

as the demand for lobster and cost of operations on the

production of lobster from this biological resource;

(3) To measure the returns to lobster boat owners
operating in the fishery;

(4) To establish a model for evaluating the

economic-biological interrelationships so important to

fisheries management;

(5) To analyze the impact on fishermen and the lob-

ster resource of alternative management schemes
designed to prevent excessive capitalization of

the fishery;

(6) To determine if the economy and fishing industry

will be improved by better fishery management.



II. BIOLOGY OF AMERICAN LOBSTERS

A. Range and Distribution.

The American lobster occurs in varying density of

population from the Strait of Belle Isle (Labrador-

Newfoundland) in the north to the offshore waters of

the Carolinas in the south. Its range extends seaward

in several areas to the Continental Slope. The three

major commercial concentrations are along the Maine
and the Nova Scotian coasts and in the Gulf of St.

Lawrence (Fig. 1). A population which is being fished

with increasing intensity occupies the outer shelf and

slope of the Gulf of Maine and the offshore grounds to

the south.

The most productive trapping areas are those in the

vicinity of ledge outcrops, glacial drifts, and talus

slopes. Traps set near ledges or boulders catch more
lobsters than traps on smooth and unbroken bottom.

Since lobsters appear to be primarily trapable when
they are hunting for food (frequently they may seek

shelter in a trap) the location of traps near burrows or

other hiding places permits capture of lobsters with a

minimum of effort by fishermen.

B. Environment.

Lobsters apparently will occupy any type of

sediment—sand, clay, or silt—provided cover debris

is available for shelter. The greater the concentration

of hiding places the greater appears to be the concen-

tration of population. Except when they are foraging,

lobsters occupy hiding places under rocks, boulders,

or other bottom debris, crevices in underwater ledges,

or voids between submerged glacial boulders.

Lobsters are found on both smooth and rough bot-

tom. The highest concentrations occur in rocky areas

which serve as anchorage for plants and provide cover

for many food organisms. Such systems are attractive

to other predators, so lobster survival in them is a

function of cover available. On smooth bottoms con-

centrations of food and predators are lower, and lob-

sters are more prone to move. Movements on smooth
bottom do not appear to represent purposive migra-

u e b e c
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Figure I.—North American average lobster landings, 1956-60. (Figure courtesy of D. G. Wilder. Fisheries Research Board of

Canada.)



tion, but may be influenced by temperature gradients

to produce what may seem to be substantial seasonal

movements of the population as a whole.

There is no reason to believe that separate subpopu-

lations inhabit these three areas. Any lobster appar-

ently adopts the appropriate behavior patterns to the

environment in which it finds itself.

C. Food.

The important foods of lobsters are not well known.
Lobsters are known to be scavengers, and will eat

almost any dead flesh available. This characteristic is

exploited by the fisherman who baits his trap with

dead fish. Some biologists believe that the lobster may
supplement such food with microscopic plants combed
from the back or collected on the gills, and with sea-

weed growing on rocks. Lobsters dig, shuck, and eat

soft shell clams and other shellfish. Bait and other

lobsters in traps also contribute considerably to the

food requirements of lobsters in intensively fished

areas. Underwater observations have been made of

lobsters retrieving bait from traps. It is estimated that

approximately 18,000 to 22,000 metric tons of bait are

used in Maine annually. Regardless of the major

source of nutrition, the lobster is apparently able to

exist for long periods without food. The metabolic rate

is slow, and infrequent feeding is the rule. Death from

lack of food is unusual except at moult. Shedding the

shell is an exhausting process; a weak lobster often

dies in the act.

Living on the ocean bottom, among and under rocks

and in burrows, and seeking shelter of rockweeds,

kelps, and other marine algae, the lobster is a rela-

tively sedentary animal, foraging at night but generally

quiescent during daylight. Observations under natural,

seminatural, and laboratory conditions indicate that

lobsters eat both living and dead fish, moUusks, other

marine invertebrates, and small quantities of marine

plants.

D. Migration.

The lobster in the northern part of its range is a

sedentary animal and therefore nonmigratory wher-
ever rocky bottom or ledge outcrop provides shelter

and where food is available.^ At times, because of lack

of shelter, shortage of food, or for unknown reasons,

lobsters will be found over considerable areas of

smooth mud or sand bottom. Unlike lobsters in a

rocky environment, these animals seem to be con-

stantly moving. The movements are random, but some
tagged individuals may wander many miles from the

point of release. Lobsters tagged and released within

the limits of restricted hydrographic features are fre-

quently and repeatedly recaptured. Random and er-

ratic movement of the straggler may reflect inability of

^Anonymous, 1957; Harriman, 1957; WUder, 1957.

the captured, tagged, and released lobster to find its

burrow after inadvertent displacement. The numbers
of such stragglers may also reflect population pres-

sures on the available cover.

The movement of stragglers when it has occurred

appears to be coastwise and not inshore or offshore.

To what extent this movement has been assisted by
man or the counterclockwise, nontidal drift in the Gulf
of Maine is not known. When these wanderers find

shelter, they burrow in and revert to the more charac-

teristic pattern of extended periods of inactivity punc-

tuated by foraging expeditions for food.

In Maine the popularly held belief that extensive

inshore-offshore seasonal migrations occur appears to

be related to the degree of activity associated with

changes in seawater temperature. In the late fall and
early winter as air temperature declines, the shallow

inshore waters cool first. As these waters cool, lob-

sters inhabiting them become less active and ulti-

mately cease to forage. Deeper water, farther from
shore, is still warming so that lobsters living there con-

tinue in activity and are trapable.

As deeper and more seaward water becomes cooler,

lobsters become progressively less active. During the

coldest part of the winter lobsters are active only in the

deepest and warmest water, which is generally the

farthest from shore. In the spring and summer the

cycle is reversed, with deep water at its minimum
temperature, and creates the false impression that lob-

sters are migrating shoreward.

E. Life History.

(1) Egg and Larval Stages.—Shortly after moulting,

while the new shell is soft, the mature female is in-

seminated by a hard-shelled male. Following approx-

imately a year, the eggs are extruded from the ovaries

and fertilized by the sperm which has been retained in

the seminal receptacle. The fertilized eggs are at-

tached in an adhesive mass to the swimmerets under

the tail (Fig. 2). The number of eggs produced varies

geometrically with the size of the female; a range from

approximately 6,000 to 40,000 eggs has been reported

from measurements at Boothbay Harbor for lobsters

with a carapace length range from 82.5 to 127 mm
(Taylor, 1950). During the warm months of the follow-

ing year the eggs complete incubation and hatch.

The length of the free-swimming larval period varies

largely with seawater temperature from a minimum 2

weeks at 20° to 21 °C to a theoretical maximum of ap-

proximately 2 mo with low temperatures.

(2) Moulting.—At periodic intervals throughout life,

varying with the rate of growth and commencing at the

end of the first larval stage, the lobster moults. The
interval of moulting varies with size, occurring several

times each year in 1 and 2 yr old juveniles, and

averaging approximately once each year among ma-

ture males and immature females of legal size. Maine
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Figure 2.—Diagram of female lobster (A. Dorsal view. B. ventral view).

has had both a minimum and a ma.ximum carapace
legal size restriction since 1933. The minimum size

was increased from 3Vifi in. (78.6 mm) to 3V8 in. (79.4

mm) in 1942 and 3^/16 in. (81.0 mm) in 1957. The max-
imum size was increased from 4% in. (120.7 mm) in

1933 to 5 in. (127 mm) in 1935 and to SVie in. (131.8

mm) in 1957. In 1960 the maximum size was reduced
to 5 in. (127 mm) again. Frequency of moult of the

population as a whole probably varies more with sea-

water temperature than with any other factor. By the

time lobsters have reached approximately 127 mm
carapace length, a significant percentage are moulting
every other year, and very large lobsters may moult at

10- to 15-yr intervals.

While moulting frequency is largely differentiated

by size, the frequency and time of moult for any given
size is primarily influenced by water temperatues, par-

ticularly during the spring and early summer. Fre-
quency is increased by high temperatures and reduced
by low. Although individual lobsters may moult at any
season, for the majority this debilitating experience
takes place sometime between May and October when
water temperatures are relatively high.

The lobster is a comparatively slow-growing animal

and is believed to be long-lived. Moulting depends
upon growth and growth depends greatly upon food
intake. The frequency of feeding appears to be related

to general activity, which is influenced by water tem-
peratures. Post-moult feeding activity is high and is

generally associated in Maine with seasonally high

seawater temperatures. Those conditions concentrate

the catch of lobsters in the 5-mo period, July to

November, when about 75 percent of the annual catch
is made.
Growth rates vary among individual lobsters. The

frequency of moult varies and the actual growth in-

crement made with each moult varies. From studies in

Maine (Taylor and Baird, 1948; Taylor, 1949), it is

likely that the most precocious lobsters in Maine wa-

ters reach minimum legal size (3Vi6 in. or 78.6 mm)
when they are 4 yr old. The number must be small

and probably does not exceed 5 percent. The majority

are believed to enter the fishery when they are 5 to 7

yr old, while another small percentage may be 9

yr of age or older before they reach minimum legal

size.



(3) Length-Weight Data.—Sampling of the catch in-

dicates in Table 1 the relation of total live weight to

carapace length for selected carapace sizes.

Measurement of lobsters for length-weight distribu-

tion from 1949 to 1956 indicated that growth averaged

about 14 percent in carapace length and 50 percent in

weight with an average moulting frequency of approx-

imately 12 mo or less. Actual gross samples with a

total of 282,057 lobsters ranged in weight increase

from 44.7 percent to 53.6 percent with an average for

all samples of 49.4 percent (Table 2).

Table 1.—Length-weight relation of American lobsters.

Carapace length

(mm)

Number of lobsters

in sample

Average weight

(f;rams)

79



Table 3.—Sampling of commercial lobster catch for size distribution.



pie. differences in carapace length between size

groups in the recruit class and their corresponding size

groups in the next moult class are approximately 12.7

mm or 14 to 15 percent, indicating the average
carapace linear increase.

The 4-yr measurements (1949-50 to 1952-53) corres-

pond to the size distribution for the 1947-56 period

(Table 5). Therefore, it is assumed the total sample

covers enough years to eliminate significant differ-

ences in year class abundance. It appears probable

that percentage differences between 79.375 mm and

82.55 mm sizes and between 82.55 mm and 85.725 mm
represent true differences on the basis of average age

and survival. Declines between 85.725 mm and 88.9

mm are not considered definitive because of the obvi-

ous scatter at the upper end of the recruit maximum
size. Since these lobsters have been protected as sub-

legal lobsters during their previous year, it is assumed

that differences in relative numbers represent natural

or trap-induced mortalities at the equivalent of 3-mo

intervals between the premoult sublegal and the post-

moult legal sizes. Increased catchability characterizes

increases in size to about 4 in. carapace (101.6 mm).^

When numbers are converted to percentages of the

sample, it is evident that there is a consistent percent-

age reduction in the sample at 3.175 mm intervals

from the minimum to the maximum legal size, with

major declines at approximately 12.7 mm intervals. It

is assumed that the major declines represent separa-

tion between moult classes and that there are approx-

imately three and one-third moult classes within the

legal size range.

The percentage composition of the recruit class

under the former minimum legal size (2Vs in. or 89.4

mm) is shown in Table 6.

Since the typical lobster during this high-

temperature period moulted once each year, any dif-

ference among the first three 3.175 mm groups of the

recruit class is indicative of the mortality rate within

the class from sublegal to legal size. While a 12.7-mm

carapace difference amounts to a year's growth, a

3.175-mm difference represents the equivalent of one-

quarter of the moult increase or one-quarter of a year's

growth. The 9 percent decrease between 79.375 mm
and 82.55 mm and 7 percent decrease between 82.55

mm and 85.725 mm (Table 7) probably represent 9 and

7 percent mortality for the two size classes for one-

quarter of a year. The relationship suggests that an-

nual natural mortality for this age and size of lobster

during the period covered ranged from about 28 per-

cent to about 36 percent. Moult increment overlap be-

tween 88.9 mm and 92.075 mm size classes, by mask-
ing the moult group boundary, precludes the use of

declines from 85.725 mm to 88.9 mm sizes for mortal-

ity estimates.

The decline in size frequency by percent shown in

Table 7 suggests the probable mortality rate by size

increments for the recruit class.

During this period (lobster years 1949-50 to 1952-53)

average seawater temperature at Boothbay Harbor
was about 10.4°C, nearly one-half degree higher than

what appears to be the upper limit of the optimum
range but more favorable than, for example, the 7.3°C

average in 1967.

Mortalities among captive lobsters have generally

been associated with moulting, particularly when
moulting occurs coincidentally with higher tempera-

tures. Predation and cannibalism under natural or

seminatural conditions have also been observed to be

greater at this time and appear to be related to greater

activity by both lobsters and their predators. Discard-

'This analys



Table 6.—Size composition of recruit class samples in percent.

Carapace

size (mm; 1949-50 1950-51 1951-52 1952-53 Average

79.375



1945-46 epidemic could be readily demonstrated in the

open waters around Boothbay Harbor. It has also

been cultured from the blood of stored and fresh-

caught lobsters, even when blood smears were nega-

tive. Infection apparently requires a break in the in-

tegument.

One can make a very good case for pollution being

an important contributory cause to the unfavorable

environmental conditions normally associated with the

blood bacterium, Gafjliyu lionuiri, which in some
years has taken a very high toll of lobsters in storage

and, in some areas, has been reported to occur exten-

sively in "wild" lobsters.

Another disease is one called "shell disease,"

which is caused by chitinivorous bacteria which con-

sume the outer layer of shell. A lobster's shell consists

of three layers: an outer layer composed of chitin,

chemically related to hair, fingernails, and hooves in

mammals; a layer of crystalline calcium carbonate

(lime) which gives strength and hardness to the shell;

and the epithelium or living layer which produces both

of these. Shell disease is caused by bacteria which eat

away the chitin. The exposed calcium carbonate

gradually dissolves, leaving the exposed epithelium.

The resulting lesion may be very small, or may cover a

large proportion of the shell. As the calcium layer is

exposed, it erodes, leaving the soft endoderm ex-

posed. Lesions may cover much of the shell, but do

not appear to cause severe mortality except when gills

are attacked. Then respiratory failure occurs. Shell

disease may be endemic in certain locations and the

infection can spread in a lobster pound. It appears to

be a winter disease, perhaps because only lobsters re-

moved in mid- or late winter are stored long enough to

develop severe infections. Shell disease also requires

an external injury to become established.

Another possible cause of lobster abundance de-

cline is the long-term accumulation of commercial in-

secticides and their breakdown products from fresh-

water runoff and atmospheric fallout into the inshore

ocean waters. Since lobsters are closely related to the

insect pests being sprayed with chlorinated hydrocar-

bons, organic phosphates, and arsenical compounds,
they are extremely sensitive to those control measures

and high mortality rates have occurred when lobsters

were inadvertently exposed to insecticides under nor-

mal storage conditions. Chlorinated hydrocarbons are

persistent and highly toxic to Crustacea in trace dilu-

tions (1 part in 5 billion has resulted in 100 percent kill

of larval lobsters within 24 h) (Dow, 1972).

Biologists of the Maine Department of Sea and

Shore Fisheries have been involved in research and

experimental evaluation of insecticides and their ef-

fects on marine animals since September 1946. At that

time a mimeographed bulletin was distributed to mem-
bers of the fishing industry warning them not to expose

live lobsters in any way to DDT. This warning was
based on the results of laboratory experiments and
field observations by the Bureau of Commercial

Fisheries (now National Marine Fisheries Service) and

Department biologists. Preliminary findings indicated

that DDT is toxic to lobsters in concentrations of ap-

proximately 1 part in 10,000. Since that time it has been
found that marine organisms are adversely affected by

many pesticides, particularly the more recently de-

veloped chlorinated hydrocarbons and organic phos-

phates. DDT certainly is far less acutely toxic to lob-

sters than most chlorinated hydrocarbons, and the or-

ganic phosphates—malathion, sumithion, and para-

thion—appear to be even more toxic to Crustacea

than many of the chlorinated hydrocarbons. Forty-

three lobster samples, representing 54 lobsters, have

been collected and processed. Thirty-nine samples,

representing 93 percent, had measurable residues. Of
the 39 positive samples, 17 were fresh-caught from
inshore waters, and 15 were from lobster holding

pounds. Six were from offshore, picked up by Bureau

ofCommercial Fisheries cruises, and one was a Magda-
len Island sample from Quebec. Although the number
of samples and the period of sampling would be inade-

quate for definitive conclusions, there is evidence of an

appreciable increase in total residues (Fig. 3). Sampling

has shown a decrease in toxic levels from the general

source area seaward and from freshwater to tidewater,

as indicated by representative species from the two

environments. Sampling has indicated seasonal varia-

tions in residual levels of chlorinated hydrocarbons in

representative organisms and a higher level of residual

toxicity with time in the same areas.

Seasonal fluctuations associated with freshwater

runoff are evident in the case of the soft-shell clams

taken from Maine estuaries. During the 5 yr of sam-

pling, the peak of DDT and its metabolites and diel-

drin has been associated with high water flows be-

tween March and June. Minor increases in residues

have also occurred coincident with fall rains, but in

general residues have declined to trace levels by late

summer and early fall.

Of the marine and estuarine species sampled since

November 1965, all have produced traces of measur-

able amounts of DDT, its breakdown products, or diel-

drin.

The first definitive association ofDDT with lobster

mortality in nature was in early 1966. A lobster from a

holding pound with a high incidence of unexplained

mortality and a record of nearby pesticide application

over a period of years was analyzed for pesticide

residues. This animal was found to contain 0.013 ppm
DDT and 0.029 ppm DDE. The total residues, includ-

ing DDT, its metabolites, and dieldrin, range from

0.042 to 0.635 in lobsters collected from this area.

More extensive surveillance of the area has demon-

strated an extensive pesticidal buildup not only in lob-

sters but in other marine organisms as well. It is pre-

sumed that pesticides contributed to the unusual lob-

ster mortality rates of this pound, rates which did not

decline significantly until aerial spraying was discon-

tinued. Since higher concentrations have been found
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Figure 3.—Accumulations of pesticides in lobsters.

in fresh-caught lobsters, (up to 1.373 ppm), we as-

sumed that insecticides are a major contributing factor

in unexplained pound or tank-stored lobster mor-

talities.

Toxic levels for lobsters or other marine animals are

unknown except under limited laboratory conditions.

It is probable that tolerance varies among individual

animals (as well as by species), and with other factors

also, including temperature, salinity, and dissolved

oxygen.

Detergents and other cleansing agents carried into

seawater from household and commercial laundry

facilities are also toxic to lobsters and may locally be a

significant contributor to the "natural" mortality rate.

Oil spills in Casco Bay have decreased the survival

and marketability of lobsters.

Physical alteration of the environment by coastal

dredging and filling, the destruction of tidal flats and
coastal marshes and the damming of estuaries are all

practices which have adversely affected lobster abun-

dance by reducing the food supply and creating toxic

conditions. One such well-documented harbor dredg-

ing occurence in 1959 resulted in a 32-fold increase in

the mortality of stored lobsters within the period of a

week.
Of those metals which have been evaluated copper

causes the highest rate of mortality among lobsters.

Although natural seawater contains this metal in

measurable amounts, any appreciable increase in the

copper content of water in which lobsters are held

usually causes mortality of the animals. Temperature
of the water appears to be an important factor in the

rate of mortality from copper poisoning.

Among other evaluated metals naturally occuring

along the Maine coast, zinc is probably the second

most toxic. Since several toxic metals are used in in-

dustrial operations, pollution from these sources may
very well be building up a lethal barrier for lobsters in

some inshore areas. For this reason, mining in areas

where metallic residues might be carried into tidewater

poses threats to the lobster resource.

A summary of experiments measuring the relative

toxicity of metals to lobsters is shown in Table 8, in

which natural seawater and artificial seawater were

both used to evaluate metals.

In these experiments four lobsters were placed in

each tank containing about 182 liters of water. Air was
bubbled through a hardwood plug to provide aeration

and circulation.

The lobsters in the control seawater tank demon-

strated their hardiness in the absence of crowding. In

the first experiment the seawater controls lived 74

days in water temperatures ranging from 15° to 32.2°C.

Death was caused when one lobster moulted, and the

oxygen demand of the fouling reduced oxygen to lethal

levels. Salinity of the water at this time had risen to

over 80%o because of evaporation.

The probability of such a limitation to lobster survi-

val being ultimately developed in the inshore waters is

very great when the various harmful materials are con-

sidered. Metals from either industry or mining,

detergents from household or commercial use, insec-

ticides, hydrogen sulfide from marsh or harbor dredg-

ing and other organic sources, and oil spills are all

serious threats to lobster survival, especially in those

10



Table 8.—Average survival—days per lobster (three experiments

combined).

Metal

Natural

seawater

Artificial

seawater

Copper

Zinc

Aluminum
Lead

Stainless steel

Control

5



Figure 4.—Bubbles in the gill separators of a lobster. A. Major

artery" along the edge of the gill separator, with a large bubble. B.

Sinus of the separator, showing a diffuse system of smaller bubbles.

Both are at the same scale.

algae. Mussels setting on lobster gills frequently cause
mortality.

Predation upon lobsters other than by man is proba-

bly most important in early life, especially during lar-

val stages, and gradually becomes less important with

increased size except when lobsters are confined to-

gether, as in traps. At any age or size the most hazard-

ous time for a lobster is the period after moulting,

before the new shell has hardened. Since larval stages

float free in the water, they may be attacked by squid

and by mackerel, pollock, and other surface-feeding
fish. After the fourth moult the lobster goes to the

bottomand seeks shelter. Thenceforth, it is the prey of

cunners, sculpins, cod, cusk, hake, dogfish, sea

robins, pollock, wolffish, and other fish found near

bottom.

Lobsters not only need to avoid other fish, but other

lobsters as well. In such an artificial home as a hatch-

ery, one or two fourth-stage lobsters may be the only

survivors of thousands started unless the water has

been kept in motion to prevent cannibalism. Larger

lobsters in traps are more likely to become victims of

other lobsters immediately following moult.

Probably the most important predator on popula-

tions of commercial size lobsters is man. There is good

reason to believe that in those areas which are inten-

sively fished as many as 85 to 95 percent of the com-
mercial size lobsters are caught or die naturally each
year. In some locations even the higher figure may be
exceeded.

Occasionally severe storms cause lobster mor-
talities. Evidence of this is furnished by lobsters in

shallow inshore areas being washed ashore in traps

and stranded by the ebbing tide. Small lobsters also

are found in storm-loosened kelp and rockweed that

has been stranded above mean high water.

Members of the Department's scuba team have re-

ported many unbuoyed traps with entrapped lobsters.

With the magnitude of annual trap losses and the dura-

bility of synthetic fibers, lobster losses from this

source, both in terms of mortality and of removal from
the fishery, may become of major significance if they
have not already.

III. POPULATION DYNAMICS

A. The Available Biomass.

Considered collectively, the total lobster population

of Maine and its contiguous waters consists of au-

tonomous colonies dispersed about attractive ecologi-

cal areas. Those lobsters of the biological supply

which fall within the limits imposed by legislation con-

stitute the legal supply. This supply is of paramount
interest to fishermen, for a portion of these lobsters

together with those illegal lobsters which enter and
remain within traps and other fishing devices during the

course of the calendar or lobster year make up a third

supply—the available supply (i.e., those lobsters

which are available for catching). The biological abun-

dance of legal lobster can be estimated within ± 10 per-

cent from effort-yield and temperature-yield data.

The most probable error in assuming an identity be-

tween relative abundance and the legal supply would
involve the presence of islands of unfished lobster

stocks, located in isolated rocks and shoals within or

on the edges of the heavily fished bottom. Such a pat-

tern would require careful planning to detect. It is,

however, a pivotal issue in interpreting the meaning of

other determinations.

Since the fishery appears to be carried on at a rela-

tively high order of intensity, 90 percent or more, the

legal supply is largely dependent upon those previ-

ously sublegal lobsters which became legal as a result

of moulting and comprise the recruited supply. For
biological and meteorological reasons, it is assumed
that the available portion of the biological supply var-

ies seasonally and geographically as well as by sex,

age, and probably other factors. It is now becoming
increasingly evident that nearly all of the available

legal population is being caught each year. In refer-

ence to "legal" size lobsters there are several compel-

ling arguments for an increase in the minimum legal

size of lobsters to 3'/i in. (88.9 mm) or more. Taylor
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(unpublished data) measured two lots ofegg lobsters at

Boothbay Harbor; one of 66 ( 1948-49) and the other of

243 (1950). In the smaller lot, animals were grouped by
'/32 in. (0.79 mm) intervals; in the larger, by 14 in. (6.35

mm) intervals. Of the 66-lobster sample, 7 (10.6 per-

cent) were V/i in. (88.9 mm) or smaller in carapace
size. Of the 243-lobster sample, 11 (4.5 percent) were
3% in. (92.1 mm) or smaller. More recently Krouse
(1973) found that only II percent of 1,150 eggbearing

females were 3'/2 in. (88.9 mm) or less in carapace
length. The consistency of these results covering a

period of 25 yr appears to be an adequate demonstra-
tion of what probably will prove to be minimal spawn
stock requirements for maximum continuing catch in

the lobster fishery.

Estimates of net weight increment with larger

minimum sizes have been made periodically by de-

partmental research personnel since 1951 and range

from 3 to 5 percent with each Vie in. (1.6 mm) incre-

ment to 3'/2 in. (88.9 mm) and 3% in. (92.1 mm). //

these estimates are valid, a minimum legal size of3^/i

in. (88.9 mm) would result in 15 to 18 percent net in-

crease in total landings; at i% in. (92.1 mm) the net

increase might well be an additional 6 to 10 percent.

Two major objections made by fishermen to size

increases are ( 1 ) a probable increase in illegal lobster

meat and (2) the "ordinary" person in terms of income

could not afford larger, more costly lobsters. These
same objectors fail to realize the necessity for fisheries

employees to maximize their earnings if the relative

exclusiveness of the fishing industry is to be justified.

Older fishermen will sometimes argue: "We had a

3Vi in. minimum years ago and no one could make a

living." The argument is spurious since landed value

was the principal factor influencing landings during the

economically depressed inter-World War I and II

period. Deflated prices paid fishermen for lobsters

during the 1919-1942 period averaged 6.80 per pound
less than in 1916, a decline of 31 percent in real landed

value. The average annual catch in these years was 6.8

million pounds (3.100 metric tons), a decline of 33 per-

cent from the 10.2 million pound (4,600 metric ton)

catch of 1916. The 1943 average price increased to the

equivalent value of 1916 and catch increased to an

annual level of 1 1 .5 million pounds (5,200 metric tons),

29 percent higher than the highest annual catch made
between 1919 and 1942. Typical of what happened are

the relationships among effort, temperature, and land-

ings (Table 9).

The total number of traps fished each year is the

only available long-term indicator of effort. General

increases or declines in the number of traps are influ-

enced by changes in demand (see Section IV-A) as

indicated by fluctuations in the price paid fishermen

for their catch. Thus, price is a function of demand,
while the total number of traps being fished is a reflec-

tion of that demand in terms of effort. It can be con-

cluded that trends in the number of traps over several

Table 9.—The relationships amon); effort, temperature, and lobster

landings.
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Table 10.—Effect of price differences on lobster catch when effort and

sea temperature are approximately the same.



Note:

THOUSAND TRAPS

Two-digit numbers indicate years

Figure 6.—Relation between catch and fishing effort (traps) for the inshore American

lobster fishery, 1905-72.

D. Dynamic Pool Models.

Thomas (1973) has applied the yield per recruit

model to the Maine lobster fishery. Depending on the

methodology, the instantaneous total mortality (Z)

ranged from 1.1363 to 2.9188 while the instantaneous

natural mortality {M) ranged from 0.0202 to 0.3467.

Therefore, the estimates of the instantaneous fishing

mortality (F) rangedfrom 0.7896 to 2.8986. According
to Thomas, the lower natural mortality and higher fish-

ing mortality were more plausible. In order to com-
plete the necessary inputs for the dynamic pool model,

Thomas computed the following equations:

L, = 266.77 [\-e
-''''"'

" + ''''~'^];

W = 0.001682Z.,-»2826.

(1)

(2)

Equation (1) relates the length of the lobster fLJ to age
or time. This is essentially the growth function for

lobsters. Equation (2) relates the lobster weight (ffj to

length. Based upon the above equations Thomas' es-

timates of M (instantaneous natural mortality); W^
(maximum expected weight); K (constant proportional

to catabolic rate); /o (hypothetical age at zero weight);

tc (assumed age at first capture); tr (assumed age at

Table 12.—Estiinated relation between catch, effort, and seawater temperature for the Maine lobster fishery (yield functions).'

Equation Years

MSY
(lbs.)

£max

(traps) D.W.

(\) Q = -35.6442 -I- 0.0814E -0.(X)0061£-2 + 0.6363r

(10.96) (8.16) (3.85)

(2) Q = -8.4992 -I- 0.0954E -0.000073£^

(12.80) (9.12)

0.933

0.909

1905-06,
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Figure 7.—Actual and predicted landings of Maine

lobsters, 1905-06. 1924, and 1928-70.
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recruitment) under six sets of combinations, we com-
puted the curves shown in Figure 8. Notice that the

ma.ximum yield per recruit for ail six functions occurs

between an instantaneous fishing mortality of 0.10 and

1.50. The observed F ranges from 0.7896 to 2.8986

with the latter figure probably closer to reality. Ac-
cording to Cushing (1968), it is wrong for fishermen to

exploit a stock at a point beyond or to the right of the

maximum yield per recruit. It is quite apparent that the

Maine lobster fishery is overfished, based upon
Thomas' work and Cushing's criterion. Thomas
further recommends that the legal minimum size

should be raised to at least 89 mm (V/2 in.) carapace

length.

E. The Overcapitalization of the Fishery.

It is quite apparent that the Maine American lobster

resource is overcapitalized. Overcapitalization is de-

fined as a condition where the index of inputs of ves-

sels, fishermen, and technology into a fishery is

greater than that necessary to harvest maximum sus-

tainable yield, surplus yield, or maximum yield per

recruit. It is quite apparent that based upon both the

q:o
UJ
cc

cc
LlI

Figure 8.—Relation between yield

per recruit and instantaneous

fishing mortality under various

parametric assumptions for the in-

shore American lobster.

INSTANTANEOUS FISHING MORTALITY
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catch-effort function and the yield per recruit relation

for Maine American lobsters that this fishery is

grossly overcapitalized. With this much said, let us

now turn to some of the economic forces that have
produced overcapitalization.

IV. ECONOMIC RELATIONSHIPS

A. The Growth in the Demand for Lobsters,
1950-69.

Consumer demand for fishery products is the driv-

ing force behind the expansion of a fishery which

leads, on occasion, to overfishing. Over the 1950-69

period, U.S. per capita consumption of all lobsters

(American, spiny, etc.) increased from 0.585 to 0.999

pounds (live weight). The rate of growth in per capita

consumption was approximately 2.4 percent per year.

This was -in sharp contrast to overall U.S. per capita

consumption of food fish, which remained relatively

constant over the same period at 10 to 11 pounds. The
increased consumption came primarily in the impor-

tant spiny lobster category. The rapid growth in the

consumption of lobsters produced a rise in ex-vessel

prices of 4.8 percent per year, which exceeded the

growth in all consumer prices, which averaged 1.7

percent per year. What were the determinants of the

per capita consumption of lobsters? A statistical

analysis was made in which the following factors were

related to per capita consumption of all lobsters:

1. ex-vessel price of American lobsters relative to

the general price level in the U.S. economy; and

2. real per capita disposable personal income (stan-

dard of living).

In prior statistical tests, it was found that crab and

shrimp prices as well as meat and poultry prices were
not significantly related to the per capita consumption
of lobsters. It was anticipated that per capita con-

sumption of lobsters would fall if ex-vessel prices in-

creased faster than the general price level and would

rise owing to increasing real per capita income. Figure 9

shows the estimating accuracy of our statistical equa-

tion, which is consistent with our expectations. This

relates the per capita consumption of all kinds of lob-

sters to ex-vessel prices and per capita income over the

1950-69 period. According to the analysis, a 10 percent

increase in lobster prices will reduce per capita con-

sumption by roughly 3 percent. However, a 10 percent

increase in per capita income would increase per
capita consumption about 17 percent. The consumer
demand analysis for lobsters indicated that despite ris-

ing lobster prices, per capita consumption increased

owing to the rise in the standard of living. This pro-

vided strong economic incentive to expand the domes-
tic lobster fisheries.

B. Distribution of Lobsters.

About 87 percent of the Maine American lobster

catch is distributed live. Fishermen sell to local

buyers, retail trade, and large dealers. Table 13 shows
the estimated markup of lobster prices over the ex-

vessel level over the 1959-71 period. Unfortunately,

retail prices are only available through 1967 at New
York City. Over the 1959-67 period, lobster fishermen

have been getting an increasing share of the final retail

price. The wholesale and retail markup has been de-

clining somewhat as indicated by the figures in Table

1 1. It must be concluded that cost pressures are com-
ing proportionally more at the ex-vessel level than at

wholesale or retail.

On the average, the wholesaling function has added
approximately 43.5 cents to the price of lobsters over
the ex-vessel level while the retailing function has

added 26.6 cents to obtain the final price.

C. Regional Consumption of Lobsters.

A consumer survey panel, consisting of representa-

tive households throughout the United States, re-

corded their fishery product purchases for a 12-mo

period, beginning in February 1969. They were par-

ticipants in a study conducted under the aegis of the

National Marine Fisheries Service (formerly Bureau
of Commercial Fisheries), Economic Research
Laboratory. Part of this study concerned itself with

the consumption of lobsters. We thought it might be

helpful to look at some of these relationships.

New England households, according to the survey,

account for nearly two-thirds of lobsters purchased for

consumption at home. Most of the remaining one-third

of lobster purchases are made in the Middle Atlantic

and South Atlantic regions (Fig. 10). Home consump-
tion in all other regions is insignificant, with the excep-

tion of the East South Central area, which accounts

for just under 5 percent of the total. The figures rep-

resent fresh lobster and consist chiefly of American
lobster. It is likely, however, that some of the quantity

attributed to the southern area states represents local

spiny lobster.

New England's predominance in at-home lobster

consumption reflects the difficulties, and high cost, of

shipping live lobsters from the producing areas. Tradi-

tion, of course, insures a strong local market for lim-

ited supplies of American lobsters. It should be

noted, however, that the survey also revealed that

home consumption of lobsters represents only 40 per-

cent of the total quantity consumed in the United

States. Thus, with restaurant consumption taken into

account, the regional distribution may not favor the

New England area quite so heavily. Nonetheless, the

important inference to be drawn from the at-home

consumption distribution is that out-of-area retailers

are reluctant to assume the risks of marketing live lob-

sters, which are highly perishable outside their normal

environment. Consequently, in the event that lobster

production should be increased—and this is a possibil-

ity with deep-sea lobster fishing—improved ways of

handling lobsters will be needed to enhance retailers'

dispositions toward marketing the product.
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Figure 9.—Actual and predicted per capita consumption of all lobsters, 1950-69.

Since 1946 when the first frozen whole lobsters were
marketed similar products of varying degrees of ac-

ceptability have been processed and sold in the less

accessible market areas of the United States and in

Europe.

Frozen lobster tails, which are mostly foreign im-

ports, are consumed most heavily in the Middle Atlan-

tic region. Per capita consumption of lobster tails in

the Middle Atlantic is 1.6 times the U.S. average for

at-home consumption, and the area accounts for 29

percent of the total consumed in the U.S. The East

North Central states consumed 27 percent of the U.S.
total, and their per capita rate is about 1.4 times the

national average. The East South Central region also

is a major market for lobster tails, and accounts for 16

percent of the total consumed at home (Fig. 11).

Not surprisingly, consumption of frozen lobster tails

is low in New England, what with the availability of

local supplies of American lobsters. Consumption also

is low (almost insignificant) in the West Central states,

both North and South. Beyond this belt, however,
lobster tail consumption picks up considerably and in

the Mountain areas the per capita rate is 1.5 times the

national average. There are also significant quantities

consumed in the Pacific states, which account for 8

percent of the U.S. total, although the per capita rate

is only 61 percent of the national average in that area.

D. Costs and Earnings of Lobster Boats.

(1) Data Source—Data are not collected on a
systematic basis on the earnings of lobster boats. For-

tunately, we do have data collected by Professor An-
dreas A. Holmsen of the University of Rhode Island.

These data pertain to the operations of the New Eng-
land trap-lobster fishery (Connecticut, Rhode Island,

Massachusetts, New Hampshire, and Maine). A sam-
ple of 186 boats was collected (126 operating out of
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Table 13.—Ex-vessel, wholesale, and retail prices and markups for American

lobsters, 1959-71.



(f) Distance Traveled to Grounds: Greater dis-

tances traveled would be compensated by larger

catches.

Of course, there are probably other factors that de-

termine the annual production of lobsters, notably,

"the good captain"" hypothesis. That is, the experi-

ence and capability of the captain or boat owner may
greatly influence the annual production, ceteris

paribus. To explore some of the hypotheses listed

above, we ran a regression of annual lobster landings

against the various boat characteristics and operating

patterns. This is shown in Table 14. Although boat

size, age, and distance to the grounds were statistically

significant variables (at the 5 percent level) in "ex-

plaining"" annual production, the number of traps

fished and fishing trips were more significant, as indi-

cated by their /-values. Horsepower exhibited a nega-

tive sign which js^ inconsistent with the theoretical

hypothesis. The R- = 0.74 for the equation used to

"explain"" annual production is fairly good.

(3) Determinants of the Cost of Production.—Many
of the costs commonly associated with running a lob-

ster boat operation are related to the physical charac-

teristics of the operation as well as pattern of opera-

tion. Table 14 shows the relation between various

components of costs (i.e., fuel and oil, bait, salt, and

ice, etc.) and hypothesized determinants of these

costs. Generally, physical characteristics are poor

predictors of costs. For example, fuel and oil cost per

annum was hypothesized to be linked to (1) boat size;

(2) horsepower; (3) number of lobster t^aps; and (4)

distance from grounds. However, the R- was only

0.16.

(4) Returns to Boat and Lobsterman, 1967.—For the

inshore American lobster fishery, returns to capital

(i.e., vessel) are difficult (if not impossible) to distin-

guish from returns to labor (i.e., the vessel owner as a

lobsterman). For the most part, the lobster firm is a

one-man operation where the owner is also the

worker. However, some lobster boat owners do em-

ploy helpers to work along side them. Using the 186

boats in our sample, we see a breakdown of revenues,

costs, and returns to boat and lobsterman in Table 15.

The average boat earned approximately $10,460 (rev-

venue) per year from fishing (unadjusted for weeks or

hours lobstering) and incurred costs of $4,439 leaving

returns of $6,021 to boat and lobsterman. However,

these figures may be very misleading since they in-

clude boats that vary greatly in their weeks lobstering.

What we desire are earnings per week or hour so that

we can make interfirm comparisons. To do this we
divided for each firm the total returns to boat and lob-

sterman after deduction of costs shown in Table 15 for

each boat by weeks lobstering. This yielded returns to

boat and lobsterman per week. Figure 12 shows a fre-

quency distribution of weekly returns. The average

returns were $125.50 per week. This can be compared

with weekly wages in manufacturing for the State of

Maine of $93.07 (1967). The figures, of course, are not

strictly comparable since the returns to lobstermen

also involve returns to capital invested in the boat and

pots. The median weekly returns are $113.78, as

shown in Figure 12. Figure 13 shows the distribution

of hourly earnings. To get some idea of the returns to

labor (lobsterman), we estimated "profits"" or return

on investment by taking 15 percent of total business

investment. Fifteen percent was considered an ade-

Table 14.—Relation of lobster production and cost to various boat characteristics and operating patterns (1967).



Table 15.—Revenue, costs, and returns to boat and lobsterman for a sample of 186

boats, 1967.
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Figure 14.—Estimated labor weekly income for a sample of Ameri-

can lobster boats, 1967. (A 15 percent return on capital invested in

boat and pots was subtracted from the total income—after

expenses—to obtain weekly labor income.)

lobstermen worked for negative or no wages at all.

That is. the additional laboring made a negative con-

tribution after adjustment for capital investment. This

is clearly a risky industry.

(5) Determinants of the Distribution of Re-

turns.—Why do hourly and weekly returns to boat and

lobsterman vary so greatly, as shown in Figures 12-14?

To explain this variation, we related "returns"" per

week to the following variables:

(1) Crew size

(2) Boat size (length)

(3) Boat age

(4) Horsepower

(5) Number of traps fished

(6) Trips per week
(7) Average price received per pound

of lobsters

(8) Years lobstering

(9) Average depth fished in

(10) Distance to grounds (summer).

Obviously, there are other factors which may explain

the variation in returns. Managerial ability is not easily

quantifiable, but the so-called "good captain"'

hypothesis is well recognized in the literature on cost

and earnings in fishing. Table 16 shows the statistical

results. Of all the variables specified above, only boat,

age, number of traps fished, and trips per week were

statistically significant at the 5 percent level. Finally.

Figure 15 shows the actual and computed distribution

of average weekly earnings. Notice that we underpre-

dicted the very low income group (()-$100) and over-

predicted the middle income group ($l()()-$20()) while

doing fairly well with the upper income group

($200-$300). The large unexplained variation in earn-

ings may be due to many factors such as firms not

incurring actual cost by doing work themselves. This is

reflected in our poor ability to explain costs (Table 14).

Therefore, it must be concluded that much of the varia-

tion in lobstermen"s earnings are explained by "unex-

plained" variation in costs of production as well as the

"good captain'" hypothesis.

E. Supply Relationships.

Although the demand for all lobsters was considered

above, for management purposes we want to focus on

one component of the total supply: the inshore Maine

American lobster stock. The number of traps fished in

this fishery expanded from approximately 222,000 in

1940 to 1.2 million in 1971, or an annual rate of growth

of 5.6 percent. This largely resulted from the rising

demand pressures discussed above. Dow showed the

strong relation between the catch per trap of lobsters

and two important factors: (1) the total number of

traps fished and (2) seawater temperature.' This was

also demonstrated in Section III. That is, catch per

trap falls as the total number of traps fished increases.

However, within certain ranges, catch per trap is in-

creased by increases in seawater temperature which

causes lobsters to be more active in foraging and to

grow more rapidly. Therefore, the supply of inshore

Maine lobster is largely governed by the population

dynamics indicated in Section HI. The estimated max-

imum sustainable yield from the fishery was estimated

to be about 22, 108,000 pounds (live weight) that can be

taken with approximately 642,000 traps (see Table 12).

Presently, there are 1.2 million traps (1971) in the

fishery catching less than 18,000,000 pounds. As indi-

cated above, the Maine inshore fishery is considerably

overcapitalized on all accounts. Therefore, it is safe to

conclude that further increases in the demand for lob-

sters in general will result in decreases in supply from the

Maine American lobster fishery.

If additional lobster supply is desired, then the most

likely source is existing populations. Several studies to

evaluate what effects minimum legal size increases

would have on the fishery have been conducted in

Maine (Baird and Harriman. 1951; Baird. 1953: Dow,
Goggins, Harriman, and Hurst*) based on size-

'Dow. R., D. Harriman, G. Pontecorvo. and J. Storer. 1961. The

Maine lobster fishery. Unpublished manuscript submitted to the

U.S. Fish and Wildlife Service, Washington, DC. (May be ob-

tained from Sea and Shore Fisheries, Maine.)

"Dow. R. L., P. L. Goggins, D. M. Harriman, and J. W. Hurst,

Jr. 1962. The lobster resource of Maine. Unpubl. ms., Dept. of Sea

and Shore Fisheries, Maine.
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Table 16.—Relation between returns to boat and lobstermen and various operating characteristics.

Operating

characteristics

(1)



between October 1949 and October 1952 when the av-

erage annual catch was 20.1 million pounds, repre-

senting 84 percent of the legal population. If predic-

tions had been based on 1953-55 sampling, when an-

nual catch averaged 22.2 million pounds, representing

86 percent of the legal population, then the predicted

catch would have been: 1958, 20.8 million pounds;

1959, 22.8 million pounds; 1960, 23.7 million pounds;

and 1961, 24.1 million pounds, or a total of 91.4 million

pounds for the 4-yr period, with an error of 2.9 million

pounds or 3.2 percent.

With the present minimum size, the anticipated

range of lobster carapace sizes recruited by moulting

from sublegal stocks is 81 mm (3''/ik in.) to 91 mm
(3"'/;i2 in.). The weight increase from 81 to 91 mm has

averaged 43 percent.

An increase from 81 mm (3-Vi(i in.) to 83 mm (3'/4 in.)

would reduce the catch an estimated 9 percent in

number of lobsters during the first year. During the

second year the new sublegal lobsters, between 81 and

83 mm, would be expected to increase an average 14

percent in carapace length, 93 mm (3^'/32 in.), and an

average 47 percent in weight to 1.37 pounds, while the

next '/i6 in. minimum size increase would remove
from the legal stock those lobsters less than 3Vi6 in. in

carapace length, representing 19 percent of the catch

remaining between 3Viii in. and the maximum size of 5

in. carapace. In the meantime. 3Vib in. lobsters, rep-

resenting 9 percent of the catch, during the preceding

year have moulted and increased to an average

carapace length of 3% in. (92 mm) and an average

weight of 1.34 pounds or 47 percent increase.

Since annual mortality appears to average approxi-

mately 7.5 percent per ^/i6 in. (3.2 mm) carapace be-

tween the minimum legal size and the maximum
carapace length of lobsters recruited by moult from the

sublegal population, the loss of these animals by can-

nibalism, predation, permanent entrapment, or other

mortality causes associated with trap fishing must be

subtracted from the anticipated benefit in total yield

from increases in the minimum legal size. With the

types of traps used in the fishery incidental mortalities

will occur, at perhaps varying levels of magnitude, no
matter what minimum legal size may be devised. The
only means of eliminating trap-associated mortalities is

to develop alternative methods of capturing lob-

sters.

To express number of lobsters as weight, the con-

versions in Table 17 have been used.

Annual sea temperature during the 3-yr period

1969-1971 has remained virtually the same: 8.9°, 8.9°,

8.7°C; yet, lobster catch has declined 8.4 percent and

3.4 percent on a year-to-year basis and 11.4 percent

cumulatively (Table 18).

During the 1957-1963 period of near-optimum sea

temperature, the catch of lobsters annually averaged

10.2 thousand metric tons and mean annual tempera-

ture was 8.6°C. During the equally near-optimum

temperature years 1969-1971, when the average was

Table 17.—Average length-weight of lobsters.

Length Weight

In.



Table 19.—Actual Maine American lobster catch 1957,72, and

estimated catch, 1973-76.



relate them to those of the sample fishermen in these

communities.

To generate the information needed for this investi-

gation, a stratified random sample of 131 fishermen was
selected. The size of the sample depended essentially

on the estimated cost per interview and the budgetary

constraint. The allocation to each stratum was strictly

according to proportion of fishermen in each commun-
ity to the total number of fishermen of all three com-
munities. The survey data were supplemented by in-

formation on the local labor market obtained through

the cooperation of the regional offices of the Maine
Employment Security Commission. For the survey, a

structured questionnaire was developed and pretested.

Using the modified questionnaire and personal inter-

views, the survey was completed in 6 weeks. The re-

sponse rate was better than 90 percent.

There were 5.750 lobster licenses issued in the state

in 1969. These 5.750 lobstermen fished a total of

805,375 traps or approximately 105.7 million trap-days

during the year 1969. There have been fluctuations in

the number of licenses issued over the past 10 yr.

Table 20 illustrates a seemingly cyclical pattern of

lobster licenses, showing a high of 6.472 in 1961 , a low

of 5,425 in 1967, and another^high of 7,117 in 1972.

The communities chosen for study—Phippsburg,

Corea, and Beals—represent 277 fishermen or 4.4 per-

cent of the 6,316 fishermen licensed in 1 970. A sample
of 131 of the fishermen was randomly selected by
community as shown in Table 22.

Table 22.—Distribution of the sample fishermen by communities.

Communities



and/or income, ex-vessel prices will increase, which in

turn produces an increase in returns to existing vessels

and fishermen. The rise in earnings induces more ves-

sels into the fishery, thereby expanding catch given

the biological limitation of the resource. The resource

limitation is built into the model by relating catch to

fishing effort or number of vessels fishing the re-

source. As fishing effort expands, the catch will even-

tually reach a maximum yield. Further fishing will re-

duce catches. Therefore, the concept of maximum
sustainable yield (MSY) is the largest number of
pounds offish that can be caught on a long-run annual
basis with a given level of fishing effort without impair-

ing the viability of the stock.

The bioeconomic model does not permit overfishing

the resource where the level of fishing effort is greater

than that necessary to harvest MSY (which is the case

for Maine American lobsters). In this case, catch will

usually be less while fishermen and vessels will be

more than necessary to take MSY. This situation rep-

resents a waste of capital and labor as discussed in

Section III-E. The model will allow us to answer such

questions as the following: What is the economic im-

pact of a sudden increase in imports? What will hap-

pen to the fleet if the rate of growth of U.S. population

slows? What is the impact of increases in per capita

income of ex-vessel prices?

B. The Use of the Model.

To illustrate the usefulness of our bioeconomic
simulation model for the Maine lobster fishery, we
have presented in Table 23 the results of changing var-

ious critical variables or forces that influence the

fishery. The initial equilibrium for the system is for

1969. Given the 1969 variables, the model predicted a

catch of 22. 1 million pounds (actual- 19.8 million lbs. ) and

848,825 traps fished (actual-805.000 traps). Now
let us suppose that through economic development of

Maine (through an oil refinery, etc.) the opportunity

cost of labor (fishermen) increases. That is, lobstering

will have to pay 25 percent better to compete with

other job opportunities (such as an oil refinery) in

order to keep people working in the fishery. Holding
all other factors constant, this would increase the cost

of lobsters (through higher wages demanded) and re-

duce effort in the fishery. That is, the inshore lobster

fishery's product would be more expensive than com-
petitors' products. The results of reduced effort will

paradoxically be an increase in catch since the present

effort exceeds that necessary to take MSY. The catch
is predicted to increase to 22.3 million pounds. Simi-

larly, an increase in exogenous supply of all lobsters

through foreign imports or discovery of new domestic
resources would result in a large increase in the

market—25 percent—depressing prices, holding all

other factors constant. The predicted result will be a

contradiction in the inshore American lobster fishery

due to the decline in prices. The number of traps

fished would be predicted to decline to 398,424 with a

Table 23.—The impact of exogenous shocks to the Maine inshore

American lobster fishery on the effort, catch, and biomass.



State. Regulations for the State of Maine encompass

the following areas:

1

.

Gear or Method of Capture: Gear is restricted to

pots and traps.

2. License Requirements: To fish in Maine, there is

a three-year residence requirement. The annual

license fee is minimal at $10 per boat per year.

3. Size Limitation: The size of the lobster is limited

to not less than 3'Vi(i in. as measured from the rear end

of the eye socket to the rear end of the body shell.

4. Time Limitations: Hours of fishing are pro-

hibited from 4:30 p.m. Eastern Daylight Savings

Time, Saturday to one-half hour before sunrise of the

following Monday morning from June I to August 31

.

5. Sex Regulations: It is a violation to catch spawn-

ing lobsters or lobsters from which eggs have been

removed, female lobsters with a V-notch in middle

flipper or tail, or female lobster with mutilated middle

flipper.

It is not the purpose of this report to evaluate the

impact of these regulations on the inshore lobster

fishery. However, we shall briefly review the history

of lobster regulations in Maine over the 1641-1971

period.

Attitudes generated by food needs appear to have

influenced the contents of the Colonial Ordinances of

1641-1647. Incidences like the following undoubtedly

contributed to these attitudes (Southgate, 1853):

In an action brought before the first general court,

of the Province (Maine) in 1640, Richard Foxwell

of Blue Point (Scarborough) complains of Cam-
mock for preventing him and others from fishing for

bass and lobsters in Black Point River. To this

complaint Cammock answered: "that by virtue of

his Patent the Royaltie of fishing and fowling be-

longeth to him, and (is) not to be violently tres-

passed by force, and hath sustained greate damage
by their fishing and cominge on his ground and
otherwise'. . .

Regulation of the lobster fishery greatly influenced

the extent and form of its development. The Great

Pond Ordinance of 1641 (Whittlesey, 1932) furnished

the foundation for all subsequent legislation and pro-

vided that:

Every inhabitant that is an house holder shall have

free fishing and fowling in any great ponds and
Bayes, Coves and Rivers, so farre as the sea ebbes

and flows within the presincts of the towne where
they dwell, unless the freemen of the same Towne
or the Generall Court have otherwise appropriated

them, provided that this shall not be extended to

give leave to any man to come upon others prop-

rietie without there leave.

The first fisheries regulations established after

Main became a State were designed to "protect"

Maine coastal residents rather than the resources,

which both Canadian and Massachusetts fishermen

were apparently exploiting with more efficiency than

were Maine fishermen.

The early history of conservation is primarily a

history of lobster legislation of a restrictive nature.

The first Maine law, passed in 1823, was a regulation

prohibiting nonresidents from fishing in Maine waters

without permission of local town officials. This provi-

sion closely paralleled a Massachusetts statute of

1812, the original of all lobster regulations in this coun-

try.

Between 1823 and 1872, the only lobster regulations

were the acts of 1848, 1852, and 1855, which prohib-

ited nonresidents from taking—among other species

—lobsters by net, weir, seine, or other device.

Eggs and seed lobsters were first given protection

by the public laws of 1872, a regulation which was

repealed in 1874 by the establishment of a closed sea-

son on all lobsters from August 1 to October 15 of each

year. It was further provided that any lobster less than

lO'/i in. in length should not be caught, preserved,

sold, or exposed for sale between October 15 and the

following April 1 of each year.

It was not until 1883 that any minimum size limit

was placed on the canning of lobsters during the so-

called open season. In addition to forbidding the can-

ning of egg lobsters, no lobster less than 9 in. in length

could be legally canned.

Changes in lobster fishing and canning restrictions

were made at each legislative session during the 1870's

and the 1880's (Table 24). Many of these alterations

dealt with the ambiguous phraseology of existing regu-

lations, while others broadened the scope of, and ma-

terially amended, previous statutes. In 1889 egg lob-

sters were again given protection.

Three forces contributed to the great emphasis

placed on regulation after 1870: the decline of the

coastal economy, conservation problems, and the

competition between canners and the dealers engaged

in the live lobster trade.

An all-year minimum size limit of lO'/i in., overall

length, was passed in 1895. This was the law which has

Table 24.—Summary of changes made by Maine Legislature in lobster

flshery regulations.

Type of legislation

Years in which changes

were made

Laws changing legal length)

at which lobsters could )

be taken )

Laws establishing closed )

seasons along the Maine

)

Coast )

Laws prohibiting the tak- )

ing of spawn lobster )

1872,1879,1883,1885,

1889.1891. 1895, 1933,

1935, 1942. 1957

1874. 1875, 1883, 1885,

1887, repeal 1895'

1872, 1874, 1883, 1885,

1887, 1889 (continues

in effect)

'Monhegan Island fishermen have a private and special law provid-

ing for a closed season from June 25 to January 1.

Source: Sea and Shore Fisheries, State of Maine.
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been referred to as putting an end to the lobster can-

ning industry in Maine.
The method of measuring lobsters remained un-

changed until 1907 when a carapace measure of4% in.

from the end of the nose to the center rear of the body
shell was established as the minimum legal size.

The legislature of 1903 made provision for the

purchase of eggbearing lobsters by the state for con-

servation and propagation purposes. From 20,000 to

40,000 pounds of seeders are annually purchased for

planting in Maine waters in addition to the several

thousand required for the operation of the hatchery and

rearing station.

The increasing importance of the industry and the

need for control measures over the resource led to the

establishment of licensing provisions in 1915 for lob-

ster fishermen, dealers, and transporters. From the

handful of commercial lobster fishermen operating
during the middle 1800's the number had grown to

3,000 in 1915.

Under a provision of the laws of 1919, a new method
of measuring lobsters was enacted. The minimum legal

size was established at iVi in. measured from the eye
socket to the nearest point at the rear of the body shell.

Subsequent legislation defined in detail the method
for carapace measurement, from the rear of the eye
socket on a line parallel to the center line of the body
shell to the rear of the body shell.

On the assumption that large lobsters constituted a

more desirable breeding stock, the so-called double-

gauge lobster measure became law in 1933. The
minimum legal size was defined as 3Vi6 in. and the

maximum as 4% in. In 1935, the maximum legal limit

was raised to 5 in. and, in 1942, the minimum legal

limit was raised to Ws in.

No additional changes in size regulations were made
until 1957. A minimum size of 3 ^/le in. was passed by
the Legislature in that year, as was a temporary max-
imum of 5^/i6 in. which reverted to 5 in. on 1 January
1960. The minimum size law of 1957 conformed to that

enacted by Massachusetts and to regulations adopted
for most Canadian fishing areas a few years earlier and
thus provided a degree of uniformity in the regulation

of the fishery.

B. Economic Impact of Some Selected

Alternative Management Schemes.

We shall consider the economic impact of five alter-

native policies that could be adopted to manage the

Maine inshore American lobster fishery. These man-
agement strategies assume that some central authority

(i.e., states) could impose these regulations. Further,

the following strategies are meant to be illustrative and
do not exhaust all possible alternatives. Also, two
other management strategies suggested by Reeves
(1969) and Sinclair (1960) will be reviewed. As other

management strategies are suggested by industry,

government, and the academic community, the model

formulated above may be used to predict their impact.

The specific objectives of these management
strategies will be discussed below. All strategies have
two common objectives: (1) to protect the resource

from overexploitation and (2) to allow maximum free-

dom for operators to function in a free enterprise fash-

ion.

a. Freeze on existing (1969) fishing effort by placing
a license fee on traps. Under this scheme, the regula-

tory authority would calculate a license fee on traps

which would keep the level of fishing effort constant

despite an increase in the demand for lobsters. A
license fee should not be levied on the individual ves-

sel because this would not control the number of traps

fished per vessel. The increased cost of operations due
to the license fee would make it uneconomical for ves-

sels to enter the fishery even if ex-vessel prices had
increased. In essence, the license fee would siphon off

increased revenue (or profits) from an increase in ex-

vessel prices, assuming the latter increases faster than

the cost of operations. For purposes of illustration, let

us assume that we desire to manage the inshore lobster

fishery commencing in 1974. Given the trends in U.S.
population, personal income, consumer prices, lobster

imports, and other domestic production to the year
1974, it would be necessary to place an estimated an-

nual license fee of $2.27 on each lobster trap fished in

order to keep fishing effort at its 1969 level as indicated

in Table 25. The regulatory authority would collect

approximately $1.93 million in license fees which
could be used to finance resource research, enforce-

ment, and surveillance.

The bioeconomic model discussed above (Section

V-A and Appendix A) was used to estimate the neces-

sary license fee. It should be emphasized that these

calculations are merely rough estimates and only serve

to give the reader some idea of the magnitude of such

taxation. The illustrative tax is also based upon an

extrapolation of trends 5 yr ahead of 1969. If we did

nothing, it is estimated that the catch would be lower
and more fishermen and traps would be employed in

the fishery by 1974. Obviously, the situation would
worsen as demand for lobsters expanded and the re-

source became increasingly overfished.

The license fee plan does, however, have many dis-

advantages. First, a license fee on traps fished does

not really get at the utilization rate. One might expect

that a license fee on an individual trap might induce

fishermen to fish each trap more intensively and
thereby reduce their number of traps. At this point, we
do not have any information on utilization rates

whereby the license fee could be adjusted upward if

utilization increased. Second, enforcement and sur-

veillance might be difficult along the coastline from
Maine to North Carolina. Third, and most important,

the quantitative tools and projected figures needed to

calculate a tax are at best crude and would have to be

used each year for computation of the license fee.

b. Reduce the existing level offishing effort to that

30



Table 25.—Projected inpact of various management schemes imposed on the Maine inshore American lobster flshery.'



share through the use of pots or other biologically

permissible technology; or, if they desired, trade their

stock certificates to others for cash.

Suppose the regulatory authority were to freeze the

level of fishing effort at the 1969 level and distribute

the catch via a stock certificate to the existing

fishermen.'" It should be pointed out that the regula-

tory authority fixes effort when it selects a given catch.

The selected catch could be either MSY or any other

level of catch deemed by the regulatory authority not

injurious to the viability of the stock. The expansion in

demand for lobsters by 1974 would generate excess

profits for those individual fishermen who were ini-

tially endowed with the property right. By 1974, it is

estimated that a full-time lobsterman would be earning

$11,966 a year of which $3,566 will be excess profits

(i.e., above opportunity cost). To insure against in-

creasingly excessive returns, fishermen holding stock

certificates might be charged a fee to provide the reg-

ulatory authority with funding to conduct scientific in-

vestigations and enforcement.

It should be noted that this plan is identical to the

license scheme which freezes effort at the 1969 level.

However, in the latter case excess profits are taken by
the regulatory authority, while for this strategy

fishermen are allowed to hold onto the profits gener-

ated in the fishery. Since many fisheries are located in

rural areas where earnings are traditionally low, this

strategy might be justified on the basis that it will raise

income levels and thereby help improve living stan-

dards to levels comparable to those prevailing in urban

areas. This management strategy would, of course, be

popular with those already in the fishery. However,
new entrants would have to buy stock certificates from
those initially in the fishery. This would pose certain

questions of equity and legal precedent which are

beyond the scope of this paper.

e. No management strategy. When considering the

economic consequences of alternative management
strategies (« through d), it is always wise to assess the

results of doing nothing. This gives policy-makers a

better perspective in evaluating the benefits from tak-

ing action.

The consequence of "doing nothing" would be
overcapitalization by 1974 with an expansion in the

number of full-time equivalent fishermen and traps

fished. Over 48,000 excess traps would be in the

fishery, and the catch would fall to 21.7 million pounds

'"A reviewer of this paper has suggested that since the MSY
could be harvested with approximately 600,000 pots, why not issue

transferable licenses to existing fishermen to fish half the number of
pots he is currently fishing (1,200.000 pots were fished as of 1972).

This would avoid taxing existing fishermen out of the fishery. This
approach is similar to the stock certificate plan which would freeze

the catch (and resulting effort) at 1969 levels—close to MSY—and
establish transferable property rights; however, it would pose one of

the problems associated with the tax schemes. That is, with the

reduced number of traps per fisherman, there may be an increase in

the degree of utilization which was discussed earlier. Controlling

absolute catch itself (say at MSY) automatically controls fishing

effort if proper enforcement and surveillance are maintained.

as computed by the model. However, we can see that

this estimate is very conservative since there were al-

ready 1,247,000 traps in the fishery by 1972, an in-

crease of 398,000 traps. The fishery has been and will

grow increasingly overcapitalized and the resource

greatly overexploited as demand increases for lobsters

during the 1970's. On economic grounds, these results

are hardly acceptable because more fishermen and
vessels will be catching less.

/. Other suggested management strategies.

Reeves (1969) proposed a hike in license fees to

"eliminate" marginal or part-time fishermen. He sug-

gested that the present $10 yearly fee in Maine be

raised $10 a year over the next 9 yr to a limit of $100. In

1969, a little less than one-half of the lobster

fishermen were part-time. As defined by Reeves, a

part-time lobster fisherman is one who gains less than

one-half of his annual income from lobstering.

The first step in most suggested limited entry

schemes is usually to restrict the fishery to full-time

utilization of capital and labor. Two problems occur
with this policy. First, the part-time fishermen may
represent the most efficient way of taking the catch. If

so, the full-time fishermen may be eliminated by in-

creased license fees. Second, license fees do not di-

rectly control fishing effort since fishermen may fish

more traps. However, Reeves went on to argue
strongly for limiting the number of traps each fisher-

man is allowed to set. It is not quite clear whether
anyone knows the optimum number of traps per ves-

sel.

Rutherford, Wilder, and Frick (1967) in their study

of the Canadian inshore lobster fishery endorsed the

system suggested by Sinclair. They stated:

An alternative management system is that sug-

gested by Sinclair (1960) for the salmon fisheries of
the Pacific coast. This would use the licensing of
fishermen to limit entry into the fishery. In the first

stage, lasting about 5 years, licenses would be reis-

sued at a fee but no new entries would be licensed

and it would be hoped that during the period there

would take place a reduction in the labor and capital

input, to take the maximum sustainable catch of
salmon at a considerably lower cost. After the end
of the first stage, licenses would be issued by the

government under competitive bidding and only in

sufficient numbers to approximate the most effi-

cient scale of effort; the more competent fishermen
would be able to offer the highest bids and it would
be expected that the auction would recapture for

the public purse a large portion of the rent from the

fisheries that would otherwise accrue to the fishing

enterprises under the more efficient production
conditions in the fishery.

An arbitrary reduction in the number of fisher-

men by restriction of licenses to a specified number
would entail injustice and inequity as well as grave
administrative problems in determining who should

be allowed to continue fishing. The auctioning of
licenses to exploit a public property resource is jus-

tifiable in a private enterprise system of production.
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particularly when the state is incurring heavy ex-

pense to administer and conserve the resource; the

recovery by the state of some part of the net

economic yield by means of a tax on fishermen (or

on the catch) would recoup at least part of such

public expenditures, or could be used to assist

former fishermen (see strategies discussed above),

for instance, by buying their redundant equipment.

A tax on fishermen through the auctioning of

licenses has, at least, the merit of using economic
means instead of arbitrary regulations to achieve a

desired economic objective—the limitation of fish-

ing effort to increase the net economic yield from

the fishery. Regulations have to be enforced, usu-

ally at considerable cost, but economic sanctions

tend to be, if not impartial, at least impersonal and

automatic in their operation (p. 99-100).

Actually, this latter management scheme is similar to

the taxing scheme, but uses an auction rather than a

direct tax.

C. Social Problems Created by Various

Management Schemes.

Many of the schemes discussed above involve plac-

ing an additional cost of fishing on lobstermen through

a license fee or auction to reduce fishing effort. If fish-

ing effort must be reduced or held constant by license

fees, some individuals will leave the fishery or be dis-

couraged from entering. Although our general model

discussed above indicates how many full-time equiva-

lent fishermen might leave the fishery, we still do not

have an adequate profile of just which group will

leave.

To analyze the problem, we shall use the survey

discussed above taken by a team of economists at the

University of Maine in the summer of 1970. Three
small communities in Maine—Phippsburg, Corea, and

Beals—were samples. One hundred and thirty one

fishermen were interviewed, so that the sample rep-

resented 2.2% of the fishermen population. The sam-

ple appears to be fairly representative in terms of age

composition and other demographic features. In addi-

tion, it reflects the appropriate proportion of full-time

to part-time fishermen found in the population of 6,316

fishermen.

The types of questions asked were designed to ob-

tain the following type of information (see Section

IV-F for discussion of socioeconomic characteristics).

Categories

Demographic

Socioeconomic

Types of Information

Age
Family size and composition

Mobility

Marital status

Income
Employment history

Education and training

Monetary return

Parental occupation

Housing

Operational Gear types

Investment in boat and gear

Operating expenses

Maintenance and repair expen-

ditures

Size of operations

Seasonal patterns

Rate of capacity utilization

Behavioral- Reasons for lobstering

Attitudinal Job interests

Attitudes toward leaving the

lobster industry

Job-seeking
Attitudes toward training, views

on excess capacity

Given all of the information obtained in the survey,

the sample was divided into four groups based upon

the degree of mobility out of the fishery. Group one

includes the potentially employable individuals who
possess skills which are marketable in the local labor

market." This group also includes all part-time

fishermen in the sample. Group two consists of the

possibly trainable fishermen. The criterion established

for this group is twofold: 1) individuals have to be less

than 35 yr old and 2) they must have enough education

so that they can participate in and benefit from

training programs. Despite possible subjectivity in-

volved in the selection criteria, group two can serve as

an approximation of the intermediate individuals who
are neither completely mobile nor completely im-

mobile. Group three consists of potential hardcore un-

employed fishermen. These are the individuals who

are between 35 and 65 yr old and who have no

marketable skills. Finally, group /o//r contains those

individuals who are not in the labor force—students or

fishermen over 65.

The procedure was to derive some estimates of op-

portunity cost for the sample fishermen.'- For groups

three and four, opportunity costs were assumed to be

extremely low. For groups one and two, estimates of

regional wage rates for the particular skills indicated

were obtained via the Maine Employment Security

Commission. Ignoring capital costs, we can derive

total social cost by adding our estimates of opportunity

cost to variable expenses, calculated from answers

given in the survey. Since gross income was also ob-

tained from the survey, we can determine average so-

cial cost per unit of output (AC) for each fisherman in

the following manner:

"The Maine Employment Security Commission provided sup-

plemental information which was useful in ascertaining which skills

were marketable in the areas covered by the survey.

'^Returns necessary to make it profitable for vessels and fisher-

men to fish for lobsters.
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AC
Opportunity Cost + Variable Expenses

(Gross Income )

I

X (Price)

The price used was $0.80, the average annual price per

pound of Maine lobsters in 1970.'^

Figure 17 plots average social cost against the rank-

ing of fishermen on this basis. This ordinal ranking can

also be translated into a cardinal measure if, for exam-

ple, we wish to ascertain how many individuals from

the sample will leave the fishery if the effective price is

reduced by a given amount.

To determine which of the groups comprise high and
low average social cost, we have derived the following

percentage breakdowns. Each percentage given re-

lates to a given group in a particular quartile.

^ INDIVIDUALS IN SAMPLE RANKED
FROM LOWEST TO HIGHEST
OPPORTUNITY COST

Figure 17.—Ranking of individuals in sample of lobstermen accord-

ing to opportunity cost.

Group 1 Group 2 Group 3 Group 4

In the lowest 25% average cost rankings (34 members)
there are:

2/54=

3.7%
6/16=

37.5%
12/29=

41.4%

In the next lowest 25% (33 members):

12/54=

22.2%
3/16=

18.8%

9/29=

31.0%

In the next lowest 25% (33 members):

14/54=

25.9%
2/16=

12.5%

6/29=

20.7%

14/36=

38.9%

9/36=

25%

11/36=

30.6%

In the highest 25% (35 members):

'^The equation used to compute AC could have been obtained

by merely dividing the numerator of the first term by quantity as-

suming price received by fishermen (in the sample) is approxi-

mately the same as the average annual ex-vessel price per pound of

lobster for Maine in 1970. A check of our sample revealed unsig-

nificant price deviation for individual fishermen from the annual

average, indicating that the market was fairly competitive and

uniform.

26/54=

48.1%

Total:

100.0%

5/16=

31.25%

100.0%

2/29=

6.9%

100.0%

2/36=

5.6%

100.0%

It is clear that a disproportionately higher number of

fishermen in group one and group two would leave the

fishery in response to a limited entry scheme such as a

license fee measure, auctioning device, etc. There-

fore, it may be concluded that any management em-
ploying a license fee would probably result in those

leaving the fishery that have the greatest mobility.

Unemployment would be minimal since the highly

mobile group would leave. However, the immobile

group would be forced to absorb the tax themselves,

thereby lowering their income.

Let us look at an example of how we can determine

the socioeconomic impact of a management scheme
that involves a tax. Suppose a license fee on traps (see

management strategies discussed above) that reduced
the average returns to the fisherman by $0.32 per

pound. This would reduce the revenue per pound from
$0.80 to $0.48 per pound. Using our sample, 35 indi-

viduals would leave the lobster fishery because they

would not be able to make their opportunity cost (i.e.,

they could make more in other industries). This group
would have the following characteristics:

1st Group



minimum unemployment impact since the group that

would leave is relatively mobile;

(2) License fee schemes would considerably reduce
income of those remaining in the fishery, which would
be a disadvantage to this proposal;

(3) A reduction in the degree of capitalization

through any of the management plans would probably
raise total revenue produced in the fishery with an
increased catch which would benefit the entire fishing

community;
(4) From a social point of view, the stock certificate

plan has the least disadvantages from the standpoint of
the fishing industry and surrounding communities.

VII. CONCLUSIONS

Biology.

( 1

)

The American lobster ranges from Labrator and
Newfoundland to the Carolinas with the greatest

commercial concentration along the Maine and Nova
Scotian coasts;

(2) The greater the concentration of hiding places

the greater appears to be the concentration of the

American lobster population;

(3) American lobsters are scavengers, and will eat

any dead flesh available but may supplement their diet

with live mollusks, marine algae, and microscopic
plants;

(4) The American lobster is a sedentary animal and,

therefore, is nonmigratory wherever rocky bottom
provides adequte shelter and food;

(5) Counts made in Maine indicate that female lob-

sters produce from 6,000-40,000 or more eggs (Taylor,

1950);

(6) The lobster is a comparatively slow growing
animal and is believed to be long-lived;

(7) In Maine waters, the majority of the American
lobsters reach minimum legal size when they are 5-7 yr

old before most females reach maturity (Krouse,
1972);

(8) Moulting of lobsters is caused when the lobster's

body becomes too large for his shell;

(9) Natural and fishing mortality rate amounts to

approximately 90 percent or more of the legal supply;

(10) Natural mortality is estimated to be 28 to 36 per-

cent for the prerecruit class of lobsters;

(11) The recognized killers of lobsters are: (a) preda-

tion by fish, (b) cannibalism, (c) starvation, (d) dis-

ease, and (e) predation by man. The most virulent dis-

ease is caused by the bacterium Gaffkya hotnari:

(12) Of the heavy metals, copper causes the highest

rate of mortality among lobsters. More acutely toxic

are many pesticides and some oil fractions.

Population Dynamics.

(1) Due to fishing intensity, nearly all of the avail-

able legal population is being caught each year;

(2) The relation between catch and fishing effort re-

veals a maximum sustainable yield from the Maine
fishery of approximately 22. 1 million pounds which re-

quires 642,000 pots hauled 130 times during the year.

The actual number of pots fished in 1971 was 1.2 mil-

lion;

(3) Seawater temperature has a measurable influ-

ence (within certain ranges) from year to year on the

abundance of American lobsters;

(4) Using a dynamic pool model approach, present

fishing mortality is well in excess to harvest the max-
imum yield per recruit;

(5) It is quite apparent that the Maine American
lobster resource is becoming increasingly over-

capitalized.

Consumer Demand for Lobsters.

(1) Over the 1950-69 period, the rate of growth in

per capita consumption of all lobsters was approxi-

mately 2.4 percent per year. The rapid growth in the

consumption of lobsters produced a rise in the ex-

vessel price of 4.8 percent per year which exceeded
the growth in all consumer prices, which averaged 1.7

percent per year. This factor has contributed to the

rapid buildup in fishing effort in the fishery.

(2) Statistical analysis revealed that over the
1950-69 period, a 1 percent increase in per capita in-

come produced an increase in per capita lobster con-

sumption of 1.7 percent. However, a 1 percent in-

crease in lobster prices (related to other consumer
prices) would only reduce per capita consumption by
0.3 percent.

(3) Household consumption of lobsters constitutes

about 40 percent of the total consumption and is

mainly concentrated in New England and the Middle
and South Atlantic areas. Institutions (restaurants,

etc.) sell the main percentage of the lobster supply

(domestic plus imports) throughout the United States.

Earnings of Lobster Boats.

(1) For individual boats, the number of traps fished

and fishing trips is the most significant determinant of
annual lobster production. Boat size, age, and distance

to the grounds also influence annual production.

(2) A 1967 sample of lobster boats indicated that

average weekly earnings (after deduction for returns to

investment in boats and traps) of lobstermen were
$1 16.79 per week compared with $93.07 in manufactur-
ing industries in the State of Maine. In contrast to

other industries, the dispersion in weekly earnings

ranged from a loss of $400 to a positive return of $700
per week for laboring efforts.

Demographic Characteristics.

(1) Using a sample of lobstermen, it was found that

the average years of education was 9.8.

(2) The average age of the sampled lobstermen was
42.6 years.
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(3) Only about one-third of the sampled lobstermen

had received any formal vocational training in other

fields.

Management Schemes.

(1) Given the problem of overcapitalization in the

Maine American lobster fishery, it is becoming in-

creasingly apparent that management strategies must

be employed (a) to protect the resource from further

overexploitation and (b) to allow maximum freedom

for operators to function in a free enterprise fashion.

(2) With the aid of a bioeconomic simulation model,

we were able to project the impact on the resource and

industry of variously proposed management strategies

to central fishing effort. For example, a freeze on the

level of fishing effort existing in 1969 would require a

trap license fee of $2.27. An attempt to reduce fishing

effort to that necessary to harvest MSY would require

a license fee of $7.14 per trap. Serious disadvantages

of the license fee scheme on traps are (a) difficulty in

controlling utilization of the individual trap, (b) prob-

lem with enforcement, and (c) possibly a reduction in

income for those that have low opportunity cost and

will remain in the fishery after the imposition of the

license fees on traps.

(3) A stock certificate plan to change the common
property nature of the resource to a private property

one by distributing the existing catch on the basis of

individual historical catch offers promise of increasing

incomes in the industry and overcoming many of the

shortcomings of higher license fees. However, the

most serious disadvantage is that the regulatory au-

thority would not have revenues to conduct scientific

investigation or provide enforcement.

(4) On the basis of our socioeconomic sample of

lobster fishermen, we conclude that the license fee

level that might displace labor would have a minimum
unemployment impact. A reduction in the degree of

capitalization will raise overall income for the fishing

communities of Maine.
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Appendix A.—Technical Description of Bioeconomic Model

SPECIFICATION OF THE GENERAL
RESOURCE USE MODEL

Before we are able to evaluate the economic impact

of various management strategies, it is necessary to

develop a general bioeconomic model of how a fishery

functions. The following general model has been de-

veloped by Fullenbaum, Carlson, and Bell (1971):

or

X =f(X,Kx)



X = dX
dt

= kLX - kX'^ = aX - bX- (8)

where a = kL, h = k.

If (8) is set equal to zero, we may solve for the

nonzero steady state biomass, a/h (i.e.. L). Alterna-

tively, the limit of X(t) as / ^ ac yields identical re-

sults. The maximum of (8) occurs when X is equal to

a/2b. Thus

max ^ = a-1Ah.
dt

(9)

The introduction of fishing (i.e., harvest or Kx) is as-

sumed to have no interactive effects, so that the in-

stantaneous growth rate is reduced by the amount har-

vested:

A^ = aX
dt

hX^ - Kx. (10)

The economic component of the model requires the

exact specification of an industry production function

and an industry revenue relationship. One hypothesis

regarding the fish catch is that the proportion of the

biomass caught is a direct function of the number of

vessels (or equivalent fishing effort) exploiting a given

ground.'" Thus, the total harvest rate is given as.

Kx = iKX (11)

where r is a technological parameter. Finally, the total

revenue function for the industry may take the follow-

ing form:

pKx = (a-Bkx)Kx. (12)

Equation (12) merely stipulates that the total revenue

is a quadratic function of total landings, Kx. Dividing

through by Kx will give us the familiar demand func-

tion where ex-vessel price is inversely related to land-

ings, holding all other factors constant.-" With total

costs equal to K-n. the profit function becomes

TT = (a-BKx) Kx-Ktt. (13)

Given these formulations the system in ( 10)-(13) can

be reduced to two steady state functions. The first,

which condenses all relevant biotechnological factors,

is the ecological equilibrium equation. It plots the rela-

tionship between the biomass and the number of ves-

sels (or fishing effort) needed to harvest the yield such

that the biomass is in equilibrium. We can derive this

equation by setting -Y equal to zero, substituting (11)

into (10), and solving for K in terms of A":

"Alternatively, one could assume that the proportion of the

biomass caught declines as the number of vessels increases:

K.x = [\-{\ - l)k]X .()<t<\. With this specification./ represents the

proportion of the biomass taken by each succeeding vessel of the

remaining biomass. This form was first developed by Carlson

(1970).

^°Such complicating factors as per capita income and its influence

on ex-vessel prices can be introduced later as changes in the

parameter, a

.

K =±(a - bX).
r

(14)

Similarly, the second equilibrium function plots the

relationship between X and K under a zero profit

state, i.e., under conditions that K = 0, or that there

is no entry to or exit from the fishery. Thus, by setting

(13) equal to zero and substituting (11) into (13), we
obtain.

K = 15)

BrX Br^X""

These two curves are plotted in Figure 18. Their inter-

section at {X*. K*) denotes bioeconomic equilibrium.

The direction of the arrows describe the qualitative

dynamic changes of a point in phase space. Figure 18

represents the general case of exploitation. When (15)

is combined with (14), however, we can simulate

either non-exploitation (Fig. 19) or extinction as a pos-

sible dynamic result (Fig. 20). The state of the

fishery—exploited, unexploited, or extinct—depends

upon the parameters a. h. r, B, ir, and a and their

interrelationships. This completes ourgeneral model of

how a fishery functions. Now let us turn to a specific

application of the model.

Figure 18.—Exploitation.

Figure 19.—Non-exploitation.
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Figure 20.—Extinction.

AN EMPIRICAL CASE STUDY:
THE U.S. INSHORE AMERICAN

LOBSTER FISHERY

The U.S. inshore American lobster fishery
—principally located off the coast of Maine
—represents a good case study for a number of
reasons. First, the American lobster is considered a

high quality seafood item and is a popularly consumed
species for which demand has been increasing rapidly

(Bell, 1972). Second, because of intensive fishing pres-

sure the resource has shown signs of overexploitation.

Third, the inshore lobster fishery is one of the few
grounds for which enough data are available so that

some rough measures of needed biological and
economic parameters can be derived. Our discussion

will be subdivided on the basis of production- and
demand-related estimates.

A. The Production Function and the

Supply of American Lobsters.

There are four parameters on the supply side for

which initial estimates are required: a, b, r, and 77.
-'

The first three can be developed by combining statisti-

cal estimation and independently derived data. As-
sume that the biomass is instantaneously in equilib-

rium (i.e.

dt
= 0). Then, taking the inverse of (14)

and substituting it for A' in (11), we obtain:

Kx = cK-dK (16)

where _^, d
b b

and .V = c~dK (17)

Equation (16) is the familiar parabolic yield function

-'An alternative approach suggested by Thomas (1973) uses the

Beverton-Holt model in developing a yield/recruit relationship.

However, because a stock-recruitment equation is not specified, it

cannot be incorporated into our bioeconomic model at this time.

postulated by Schaefer (1954). Notice that both the

harvest rate, Kx, and output per vessel, x, may be
specified solely in terms of the number of vessels or
fishing effort. Similarly, the common property re-

source externality, as given in (17), is a function only

of the level of A^. Over a longer period of time the basic

assumption underlying equations (16) and (17) may re-

flect a valid representation; i.e., effort or K is the only

instrumental variable affecting output. There are three

different parameters embedded in estimates of c and d.

The only way that a, h, and / can be derived is if some
independent biological information is given. More
specifically, suppose that we have an estimate of the

biomass consistent with maximum sustainable yield,

call it X". Since X" is equal to ci/2b, it follows that the

following parameters may be estimated (designated by "):

r = d/2X°,

h =[drr^Y\

a = c bir.

(18)

(19)

(20)

Thus, (17) will be estimated subject to one modifica-

tion concerning the introduction of an environmental
variable. Several biologists, including Dow et al. (see

footnote 8), have argued that a long-term trend of de-

clining seawater temperature is partially responsible

for the decline in U.S. coastal catches. ^^ It will be

assumed in this study that seawater temperature (°F)

affects the a term in the growth function so that.

^l]L = a(°F) X-bX\
dt

(21)

where °F is equal to the mean annual seawater tem-
perature, in degrees Fahrenheit Boothbay Harbor,
Maine, with da/d°F = a'>0. Seawater temperature
can easily be incorporated into (17) in the following

way:

X = c dK + Z(°F), (22)

where ;: represents the change in output per boat as a

result of a one-degree change in water temperature.-^

Data on the number of traps fished per year for the

entire inshore American lobster fishery are available

for the 1950-1969 period. ^^ Output per trap was re-

gressed against the number of traps and seawater

^^Higher seawater temperature can affect the natural yield of lob-

sters by providing a climate in which "molting" is facilitated. A larger

number of molts will tend, ceteris paribus, to increase the yield

associated with any given level of the biomass.

-^Implicit in the way the effect of seawater temperature is mea-

sured is the relationship: c = c' + z(°¥).

"Unfortunately, there is no precise measure of fishing effort, for

the inshore lobster fishery. The traps fished series is not adjusted for

days fished or extent of utilization. Dow has used the traps fished

series as a rough proxy for fishing effort.
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temperature.^' The regression estimates yielded the

following results:

X = -31.2094 - .000039617" + 1.89392 (°F) (23)

(10.23) (4.63)

R- = 0.82

D-W = 1 .023

where T = 562.8 (K), d = 12.5468. c =-31.2094. In

(23), T is equal to the number of traps fished per year

and /-ratios are in parentheses. Both T and °F are

statistically significant at the 5 percent level and ex-

hibit the correct sign; the Durbin-Watson statistic in-

dicates no significant autocorrelation.

The only step required to obtain the biotechnologi-

cal parameters is an estimate of the biomass (Xa) con-

sistent with maximum sustainable yield. It has been

calculated that (assuming a temperature of 48°F) the

fishable stock of Maine inshore lobster consistent with

maximum sustainable yield is equal to 21.8 million

pounds.
Finally, on the basis of recent cost studies, we have

derived an estimate of 77 for 1966 equal to $12,070.^®

Therefore, on the supply side, the estimated parame-

ters for 1969 are the following:

a = 2.06832,

h = 4.75476 X 10-«,

r = 7.72379 x 10-^

^ =$13,191 (see footnote 26).

B. The Demand Function for American Lobsters.

Only knowledge of d and B is needed in order to

complete the empirical component of the study. The

-^Forany particular year, we may obtain equation (16) if we know
the number of traps used per vessel or TIK. Hence, we may easily

go from traps (i.e., fishing effort) to vessels, in which the model is

specified. The relationship for 1966, derived on the basis of cost data

obtained from the National Marine Fisheries Service's Division of

Financial Assistance (1969), was 562.8 traps per full time equivalent

American lobster boat.

^^Cost data from the National Marine Fisheries Service's Divi-

sion of Financial Assistance (1966) reveal the following cost break-

down for a representative lobster boat: operating expenses,

$4,965.16; fixed expenses, $1,180.20; returns to capital and labor,

$5,825.48. This gives a total of $12,070.84. The latter figure was

updated to 1969 by income increases in Maine to obtain $13,191.

estimation procedure is rather straightforward. We
may specify the following demand function for all lob-

sters:

^ = F - m{P'IC?\) + fi(YIN), (24)

N

where C is equal to consumption of all lobsters, P' is

the money ex-vessel price of American lobsters, Y is

aggregate U.S. personal income (1967 prices), N is

U.S. population, and CPl is the consumer price

index. Since there are no exports of lobster, the fol-

lowing identity holds:

C = / + Co + Q,„ (25)

where/, Qo, and gin are the level of imported lobsters,

U.S. production of all other lobsters, and U.S. pro-

duction of inshore northern lobsters, respectively.

Given (25), equation (24) may be solved in terms of P,

or.

P'

CPI [

1

mN (e,„ + Qo + /)+^] (26)

If go, /, Y, CPI, and N are held constant, equation

(26) gives a unique relationship between the ex-vessel

price of American lobsters and quantity landed.

Using data over the 1950-1969 period, the parame-

ters of equation (24) were estimated using least-squares:

C
N̂= -.0632 - .005029 (_^)+.00051(^) (27)

(2.06) (5.38)

R' =0.816

D-W = 0.619

All of the independent variables are significant at the

0.05 level. However, the Durbin-Watson statistic in-

dicates the strong possibility of positive autocorrela-

tion. Nonetheless, we will use these estimates as

rough approximations to obtain the price-dependent
relationship as shown in (26). Given 1969 values of
exogenous variables (N = 199,100,000; Y = $567,635

million; CPI = 109.8 with a base of 1967 = 100;

Qo + I = 164.7 million pounds) we have,

P = 1.12 (0.99853 X 10-8)ein- (28)

Thus initial values for a (1.12) and 6(0.99853 x lO'*)

have been obtained.
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Appendix C.—Age of Maine Lobster Fishermen.



Appendix E.—Ranking (Lowest Average Cost to Highest Average Cost per Unit of

Output) of Sample Lobstermen.
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