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Bio-Economic 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, however,:the
Maine Tobster resource was not fished commercially to any aporeciab]e
extent, Out-of-state lobstermen first aopeared off thekMeine_coast in
CascovBay during 1826. ‘This development marked the beginoing‘of the
commercia} fishery and was a direct result of the growing demendifor o
1obsters‘in_the New York City and Boston markets. Resident.anq non5
resident fishermen participated, extending their operations eastward}to
Penobscot Bay and(Eastport\by 1850. Shipbui]@jng_and sailing were the‘
major occupations of the Maine coasta]lpopu]otjon; 1obstering was a B
seasonai part -time vocation. | |

Lobster pots evolved as the most 1mportant type of gear during
the early stages of. the f1shery, rep1ac1ng 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 sea water circulated

*The Tate Donald M. Harriman contributed extensively to the biological
portion of the study. Robert L. Dow is Marine Research Director of the
Department of Sea and Shore Fisheries (Maine) while Frederick W. Bell is
Director of the Economic Research Laboratory of the National Marine
Fisheries Service.




freely. Dry-~well smacks, similar to ordinary cargo carriers, were
also ﬁsed. During its earliest stages, lobster fishing was 1imited
to those areas served by transportation.

As the demand for American lobster expanded over the last
hundred years, it was quite apparent that the once virgin Tobster 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 nature. B
Unlike most industries, the inshore lobster industry is faced

with the prbb]em created by a common property resource. The nature of

this resource produces many unique problems and has given rise to many

"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 inshbfe northern 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 rehabilitation of
these fishing groundﬁ, their maintenance and eventually the accomp1ishment
of higher yields. Economists follow closely the Toss of income which
occurs in connection with depleted areas, the increased flow of income
in connection with rehabilitated areas and the effects of price changes
on productfon 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 prob]ems may lead to unsound conclusions both from a bie- |
logical and an economic vieWpoint. |
Because of these conditions and the interaction of econom1c and
biological forces, a combined study of the management prob]em in the
b1o1og1ca1 field and of problems with respect to pr1ce and market1ng
would appear to yield fruitful results as to pr1nc1p1es 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 fluctu-
ations in abundance and production of the Maine American_]obsteh; |
(2) To ana]yze the impact of such economic forces as the demand for
lobster and cost of operations on the production of Tobster trqm

the biological resource;

To measure the returns to Tobster boat owners operating in the

fishery; ‘> |

To estab11sh a model for eva]uat‘rg the economic- b1o1og1ca1
1nterre1at1onsh1ps o) 1mportant to f1sher1es management

To analyze the impact on fishermen and the 1obster resource of
alternative management schemes designed to prevent excessive
'5"cap1'*ta1 ization of the fishery; |

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 densfty of population from the Strait of Belle Isle (Labrador-
Newfound]and) 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 (Figure 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 Tobsters 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 6r other hiding places permits capture of lobsters with a
minimum of effort by either the Tobster or the fisherman.

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 p]aces‘the greater

appears to be the concentration of population. Except when they are for-

aging, lobsters occupy hiding places under rocks, boulders, or other
bottom debris, crevices in underwater ledges or voids between submerged

glacial boulders.
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Lobsters are found on both smooth and rough bottom. The highest
conceﬁtrations occur in rocky areas which serve as anchorage for plants
and provide cover for many food orgahisms. Such systems are attractive
to other predators, so lobster survival in them is a function of cover
available. On smooth bottoms concentrations of food and predators are
lower,‘énd Jobsters are more prone to move. Movements do not appear to
represent purposive migration, but may be influenced by femperaturé
gradients to produce substantial seasonal movements of the popU]ation
as a;whole.

There is no reason’td believe that separaté sub-populations
inhabit these three areas. Any lobster apparently adopts the appropriate
behavior patterns to the environment in which he finds himself.

C. Food. The important foods of lobsters are not well known.
Lobsters are known to be scavengers, qnd will eat almost any dead flesh
available. This characteristic fs 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 seaweed 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 reauire-
ments of lobsters in intensively fished areas. Underwater observations
have been made of Tlobsters retfieving'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 1dng periods without food. The metabolic

rate is slow, and infrequent feeding is the rule. Death from lack of




food 1s unusual except at moult. Shedding the shell is an exhausting
process; a weak Tobster often dies in the act.

Living on the oceaﬁ bottom, among and under rocks and in
burrows, and seeking shelter of rockweeds, kelps, and other marine algae,
the lobster is a relatively sedentary animal, foraging at night but
generally quiescent during daylight. Observations under natural,
semi-natural and Taboratory conditions indicate that lobsters eat both
living and dead fish, mollusks, other harine invertebrates and small
quantities of marine plants.

D. Migratibn. The Tobster in the northern part of its range

is a sedentary animal and therefore nonmigratory wherever rocky bottom

~or Tedge 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 constantly moving. The movements are random, but some tagged
individuals may wander many miles from the point of release. Lobsters
tagged and released within the 1imits of restricted hydrographic features
are frequently and repeatedly recaptured. Random and erratic movement

of the straggler may reflect inability of the captured, tagged, and

TMaine Coast Fisherman, Camden, Maine, Vol. 11, 11, Inter-
national Studies show Lobsters are not M1gratory. 1) Dona1d M. Harriman,
Maine Department of Sea and Shore Fisheries; 2) D. G. Wilder, Fisheries
Research Board of Canada; 3) Interview with Frederick C. Wilbour,
Massachusetts Department of Natural Resources, June 1957,




released Tobster to find its burrow after inadvertent displacement.

The numbers of such stragglers may also reflect population pressures

on the availahle cover.

The movement of stragglers when it has occurred appears to be

coastwide and not ihshore or offshore. To what extent this movement has

been assisted by man or the counter-clockwise, non~tidal drift in the
Gulf of Maine is not known. When these wanderers find she]éér, they
burrow in and revert to the more characteristic pattern of extended
periods of inactivity punctuated 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 associ-
ated with changes in seawater temperature. In the Tlate fall and early
~ winter as air temperature declines, the shallow inshore waters cool first.
As these waters cool, lobsters inhabitating them become less active and
ultimately cease to forage. Deeper water further from shore is still
warming so that lobsters 1iving there continue in activity and are
trapable.

As deeper and more seaward water becomes cooler, :Tobsters
become -progressively tess active.. During the coldest part of the
winter lobsters are active only in the deepest and warmest water
Twhich is generally the furthest from shore. In the spring
and summer the cycle is reversed, with deep watef at its minimum tempera-

ture, and creates the false impression that lobsters are migrating

shoreward.




E. Life History

(1) Egg and.Lafva] Stages. Shortly after moulting, while

the new shell is soft, the mature female is inseminated by a hard-she]]ed
‘male. Following approximately a year, the eggs are extruded from the
ovaries and fertilized by the sperm which has been retained in the
seminal receptacle. The ferti]ized‘eggs are attached in an adhesive
mass to the seimmerettes under the tail. (Figure 2) The number of eggs
produced varies geometrically with the size of the femade; a range
from approximately 6,000 to 40,000 eggs has been reported from measure-
ments at Boothbay Harbor. for ]obsterﬁ with a carapace length range from
82 1/2 to 127 mm. During the warm months of the following year the
eggs complete incubation and hatch.2

The length of the free-swimming larval period varies largely with
seawater temperature from a minimum two weeks at 20° to 21° C. to a
theoretical maximum of approximately 2 months with Tow temperatures.

(2) Moulting. At periodic intervals throughout Tife,

varying with the rate df-growth and commeﬁcihg at the end of the first

larval stage, the Tobster moults. The interval of moulting varies w{th

size, occurring several times each year in young juveniles, and averaging

approximate]ydonce each year among the immature lobsters of legal size.
Frequency of moult of the population as a whole probably varies more
with seawater temperature than with any otﬁer factor. By the time lobsters

2Research Bulletin No. 5, Maine Department of Sea and Shore
Fisheries, A Review of Lobster Rearing in Maine, Clyde C. Taylor, 1950.
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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 year intervals. ;

While moulting frequency is largely differentiated by size,
the frequency and time of moult for any given size is primarily influenced
by water temperatures, particularly during the spring and early summer.
Frequency is increased by high temperatures and reduced by Tow.
Although individual Tobsters may moult at any éeason, for the majority
this debilitating experience takes place sometime between May and October
when water temperatures are relatively warm.

The Tobster is a comparatively slow-growing animal and is believed
to be ]ong-lived. Mdu]ting 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 temperatures. Post-
bmou]t 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-month period, July to November, when about

75 percent of the annual catch is made.

Growth rates vary among individual iobsters. The frequency of moult
varies and thé actual growth increment made with each moult varies. From

3

studies in Maine™, it is 1ikely that the most precocious lobsters in

3C.C. Taylor and F. T. Baird, Jr., The Schoodic Lobster Planting
Experiments. Maine Department of Sea and Shore Fisheries, Fisheries
Circular #2, January 1948. '
C.C. Taylor, :The7Sehoodic:Lobster Blanting Expériments, - Supplement
#1. Maine Department of Sea and Shore Fisheries, Fisheries Circular #5,
April 1949,

\




Maine waters reach minimum legal size when they are 4 years 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 years

old, while another small percentage may be 9 years of age or older

before they reach minimum legal size.

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

Table 1 the relation of total 1ive weight to carapace 1ength for selected
carapace sizes, |

Measurement of lobsters for length-weight distribution from
1949 to 1956 indicated that growth averaged about 14 percent in carapace
length and 50 percent in weight witﬁ an average moulting frequency of
approximately 12 months or Tess. 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).

(4) Soft-Shell Lobsters. As a result of increased meat tissue,

the lobster's body becomes too large for his shell. This is the primary
cause of moulting, although not necessarily the mechanism which determines
the time of moulting. The process of moulting takes from 15 to 20 minutes.

The new shell is soft and rubbery and does not provide the Tobster with

any protection from his enemies. For a short time after moulting the

Tobster has to remain inactive.
By the time the shell has reached the Tatter half of the second

4
intermoult stage described by Donahue , the Tobster is ready to forage
. 4&;*Kr Donahue, Studies-on ecdysis in the American lobster
(Homarus americanus), 3. A Method for Differentiating Stages of the
Inter-Moult Cycle. Maine Department of Sea and Shore Fisheries, Research
Bulletin #20, August 1954.




Table 1

Length-Weight Relation of American Lobsters

Average Carapace Number of Lobsters - Average Lobster
Length in mm. in Sample Weight in Grams

82.55 87 431.
84.1375 918 462.
84.93125 . 525 480.
85.725 ‘ 360 503.
.51875 941 - 521.
.3125 401. : 530.
. 10625 1094 539.
.9 ' 1198 567.
.69375 670 594.
.4875 , 820 612.
.28125 219 ' 621.
.075 335 648.
.86875 409 662.
.6625 260 - ' 689.
.25 507 716.
.04375 375 725.
.8375 - 371 , 734.
.63125 183

NONNONOAPRLWNOONAOAVGIONO




Table 2

Lobster Weight Increase by Moult - Gross Samples
J

Percent Increase

53.6
- 51.9
50.1
48.8
47.5
44.7

49.4




and is easily trapped. Approximately 60 percent of the annual catch

consists of soft-shell lobsters. In addition to having a thin soft

shell, Tobsters of this class have a comparatively Tow ratio of

meat to shell and shell Tiquor. Commercial shucked meat ratio to 1ive
weight at this stage is approximately one to eight, whereas at the |
maximum yield (just before moulting) the ratio is approximately one to
four; During this period meat yield is small and the problem of holding
and shipping 1ive Tobsters to market is great,

The excellent summer demand for Tobster by tourists absorbs a
large part of the July-August shedder catch. Approximately 25 to 30 percent
of the annual catch is marketed in the Northeast during this period to
tourists. The catch in excess of this amount and that made during the
early fall at thg end of the tourist season is generally held in tidal
pound storage for shell hardening and meat quantity and quality improve-
ment for later marketing when the catch is low.

(5) Hard-Shell Lobsters. Hard-shell lobsters are'definedkby

the industry as those whose shells have developed and hardened so that
they are quite resistant to digital compression; When the shell is firm
the lobster is able to survive handling by the producer, the buyer, the
dealer and the retailer much better than can the soft-shell lobster.

- In addition to having a stronger shell, the hafd—she]? lobster has eaten
sufficiently in most instances so that the percentage of meat tissue

to Tive weight has increased; This increase in meat density will continue
prdvided the lobster is able to feed regularly until he is ready to mbu]t
again, The hard-shell Tobster commands a premium market price for

obvious reasons. He is more viable and can better withstand the rigors




of handling. Meat yield is greater; approximately 25 percent as compared

with about 12 1/2 percent for soft-shell Tlobsters.

F. Growth and Mortality Rates. Stratified sampling of the catch

supports the assumption that the resource is intensively exploited
(see discussion in III below).

Between 1939 and 1957 measurements were made of the catch to
determine the size of individual lobsters and the number of Tlobsters in
various carapace size classes (Table 3). During the per?od, 348,645
Tobsters (weighing 182.5 metric tons) were measured by Fish and Wildlife
biologists and Department of Sea and Shore Fisheries wardens and
biologists.

Between 1949 and 1957 the Department of Sea and Shore Fisheries
measured 286,244 lobsters weighing 150 tons, representing one-fffth
of 1 percent of the catch during the 9-year period for the purpose of
determining: (1) the size of individual lobsters, and (2) the number

of lobsters in various size classes (Table 4), ‘It was assumed that size

distribution data would produce information on: (a) the approximate

percent of lobsters in the catch that becomes of legal size as a result

of recent moulting -(recruits), (b) the average growth rate, and (c) the

probable natural mortality rate from sublegal to legal size. Annual gross

fishing effort data were also compiled.
Natufa1 and fishing mortality rate amounted to approximately 83
percent for recruits and 86 percent for the more catchable next larger

size (1st moult within the legal size range).




Table 3

SAMPLING OF COMMERCIAL LOBSTER CATCH FOR SIZE DISTRIBUTION

Lobster Commercial Catch Sample ' Commercial Catch Sample Sam?le
Yean (metric tons) (metric tons) - (Number) ' (Numher) (Percent)

1939-40 _ 3148 , 7.3 " 6,157,919 1,367

0.1 - 3647 2.1 7,250,857 4,003
1911112 4113 : ' 8,198,850 o 3,477
L9u2-113 | 3946 ' . 7,322,423 3,211
1ou3_y 5591 -10,320,3u41 | 2,150
1941 =115 o 7492 ’ . R 13,572,315 14,604
19u5-16 8590 L ' 15,821,538 10,214
194647 - 7681 : . 14,386,624

19478 g3gy - - ‘ ‘v15,720,8H8;

10819 © 73u3 : , 14,337,737

1949-50 ' 8629 ST . 16,u1u2,u402

1950-51 ' 8737 . T 16,519,138 59,044
1951.-52 9151 : 17,481,991 61,000
1952-53 © 9058 - ' o _ 17,&69;299 55,820
1953511 . 9868 , ' | 19,338,138 17,772
1951-55 9908 :’ 18,813,933 18,359
1955514 10036 . 2 _ 18,8u6,032 13,326

Gy, 9738 . 18,225,178 2,692

135,065 o 256,165,603 308, 645

.




Carapace Size  Thousands of - ' Percent of Total  Percent of Total.
(mm)- Lobsters Measured by Sizes by Moult Classes

79.375 69 | CL2u
© 82.55 Coe4 . ;

85.725 .59 . 83
88.9 s

92.075 20
.85.25 ’
98.425

- 101.6

104.775

107.95
111.125
114.3
117.475
120.65

123.825
127.0.
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- Table 4 shows total meaeurements in numbers and percent between the

then minimum 79.375 mm. end maximum 127 mm, sizev1im1ts.
From these measurements it was estimated that average annual natural
mortality during the transition period'from sublegal to recruit ranged from
28 to 36 percent and directly affected the abundance of those lobsters from

minimum legal size to'approxihate]y 567.0 grams in weight.

It is evident from examination of carapace measurement records

that a sharp break in the number of lobsters occurs between 88,9 mm.
and 95.25 mm. On the basis of observations, it is assumed this break -
represents the separation between moult classes of lobsters. It is

. further assumed that some in the 92.075 mm, class are lobsters which by
their most recent moult moved from sub-legal to legal size.. Conversely,
it is assumed that others in the 92.075 mm.!c]ass,are in their second
year of leéql size and either failed to mou]t or did not increase in size

as much as did the average.

The decrease in the number of 1obsters between 88.9vmm. and 92.075

mm. appears to represent the over]apping sepafationlbefween those groups
~of Tobsters that have become of legal size as a result of recentvmou1ting
and those that have moulted at least once since tney entered the Tegal
size range. The 83 percent total represents the most recént]y recruited
é]bbsters. | h
- The next size Qroup, those that have moulted at least once within
~the legal size range, amounts to 14.percent. Tne 2 percent group contains

those that have moulted at least twice in the legal size range.

\




\

Differences in average size between Tobsters in consecutive
moult classes represent average growth rates in carapace 1ength as a‘result
of moulting. For example, 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-year measurements (1949-50 to 1952-53) correspond to the
size distribution for the 1947-56 period (Table 5). Therefore, it is
assumed the total sample covers enough years to eliminate ;jgnificant
differences 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 obvious scatter at the upper end of the recruit
maximum size. Since these lobsters have been protected as sub-legal
Tobsters during their previous year, it is assumed that differences in
relative numbers represent natural or trap-induced mortalities at the
equivalent of 3-month intervals between the premoult sublegal and the

postmoult legal sizes. Increased catchability characterizes increases in

size to about 4" carapace (101.6 mm).5

When numbers are converted to percentages of the sample, it is
evident that there is a consistent percentage reduction in the sample at
3.175 mm. intervals from the minimum to the maximum legal size, with ﬁéjor
" declines at approximate1y 12.7 mm. intervals._ It is assumed that the major
declines repre;ent separation between moult classes and that there are
approximate]y three and one-third.moult c1a$ses within the-legal size range.

The percentage composition of the recruit c1a$s under the former

minimum legal size is shown in Table 6.
Harriman, personal communication.




Table 5

NUMBFR AND PERCLNT OF LOBSTFRS BY LOBSTER YEARS

larapace Size -‘1949450 1950-51 o . 1951 52 1952-53
in mm, Number - Percent Number - Percent Number - Percent Nunber ~ Percent

m

Total Number - A

79.375 14,490 23.99 13,636 23.09 14,931 = 2u.u8 13,946 25.45 57,
82.55 13,408 22.20 12,598 21.33 13,836 - 22.68 12,098 22.08 _d,oln
85.725 12,169 - 20.15 11,914 20.19 12,425 . 20.39 11,638 2L.24 Ug, 16
88.9 . 9,855 16.32 10,149 17.20 10,234  16.78 9,151 17.25 - 30,689
G2.075. 4,254 - 7.04 4,634 7.85 3,971 6.5l 3,704 6.87 16,623
95.25 1,986 ©  3.29 1,956 3.32 1,451  2.38 1,208 2.20 6,601
. 98.u25 1,246 0 2.06 1,225 2.08 1 166 . 1.9l . 771 1.ul u,uos
101..0 919 1.52 9L 1.59 817 1.3u 583 1.06 3, ? 0
ion.775 724 1.20 U2 - -1.26 657 .14 ooy21 .77
107.95 ‘ L7 74 396 .67 u13 .68 305 .56
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Totals 60,388 59,0 - 61,000 54,820 235,252




. Table 6 -

Size Composition of Recruit Class Samples in Percent

Carapace Size ' ' e _
in mm. ©19u49-50 1950-51 *. 1951-52 1952-53 Average

79.375  29.03%  28.23%  29.05%  29.59%  28.97%
82.55 26.87 26.08 . . 26.92 - 25.66 26.39
85.275 24.39 24.67. 24.17 24.69 24.47
88.9 , 19.75 21.01 19.91 20.05 20.17

’

Table 7 .

Percent Decline in Lobsters in Recruit Class by 3.175 mm. Intervals

Carapace Size ' - .
__in mm. -1949-50 - 1950-51 1951-52 =~ 1952-53 Average

82.55 . 7.47 - 7.61 7.33 13.25 8.88
85.725 9.24 . 5.43 10.20 ~  3.80 7.30




Since the typical lobster during this high temperature period
moulted once each year, any difference among the first three 3.175 mm.
groups of the recruit class is indicative of the mortality rate within
the class from sub-legal to legal size. While a 12.7 mm. carapace
difference amounts to a year's growth, a 3.175 mm. difference répresents
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 between 82.55 mm. and 85.725 mm. probably represents 9
and 7 percent mortality for the two size classes for one-quarter of a
year. The re]ationship suggests that annual natural mortality for this
age and size of lobster during the period covered ranged from ébout 28
percent to about 36 percent. Moult increment overlap between 88.9 mm.

and 92.075 mm. size classes by masking the moult group boundary precludes

the use of declines from 85.725 mm. to 88.9 mm. sizes for mortality

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 1imit 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
temperatures. Predation and cangiba1ism under natural or semi-natural conditions

has also been observed to be greater at this time and-appears to be related




to greater activity by both lobsters and their predators. Discarding

sub-legal lobsters by fishermen, especially during the summer and fall,
is in all probability a major source of natural mortality through pre-
dation by finfish and may be the principal cause of the estimated 28
to 36 percent natural mortality rate associated with this size class
of lobsters. | |

Recent declines in the available supply and relative abundance of
legal lobsters appear to be related to several factors. The decline in
the frequency of moulting--or, at least, of the percentage of lobsters
moulting each year--has reduced the volume of lobster entering and passing
through the 1éga1 size range. The length of time from egg to minimum Tegal
size--a minimum of 4 years and probably 5 to 7 years for the majority--
would appear to preclude prior to 1973 the effects being evident.of

unfavorable temperature or other environmental conditions on the supply

of larvae and subsequent stock recruitment. Attenuation of time from.. -
Tarval to legal minimum has probably jncreased the mortality rate,.since
mortalfty_fs a function of time as well as of growth.

A third possibility is that of trap efficiency and the number of
times. during the-lobster year that lobsters have to be exposed to trapping
in order to prbvide an adequate sample of fishing mortality. If it re-
quires 130 trap.hauls per legal Tobster per:year when temperatures are-
optiﬁum in ordér fof the recruit class to supply 85 percent of the catch
(660,000 traps at 9.15° C. to produce 22 million lobsters), then at 7.5°
C. approximately 900,000 to 950,000 traps would be required to produce
the same number of exposures. With lower temperatures lobster foraging
activity declines; therefore, to provide compensating exposure to trapping

would require increasing the number of traps.




"Trap exposure" and "trap haul" represent somewhat differing
concepts. Although 75% of the annual catch consists of recently
moulted Tobsters produced by "trapihauis," the number of times
these Tobsters are "exposed" to trapping by reason of entering
and leaving or remaining in traps or passing by will vary with
foraging activity and shelter seeking. Presumably during low

sea temperatuee years more traps will have to be set more times °

by fishermen to provide an equiva]ent proportion of opportuni--

ties for each lobster to be caught.




. G. Disease, Pollution and Predation. Although there is no

significant evidence to support the assumption and, in fact, all data
indicate an opposite interpretation, that factors other than seawater temp-
erature and fishing effort may have caused the fluctuations which have
periodically occurred’in the‘supp]y of lobster, Among those factors

'afe diséases, parasites, predators, and pollutants.

The factors causing death of Tobsters in the ocean’are not
comp]éte]y known, and the re]atjve importance of those which are rec-
ognized is very much in doubt. Recognized as killers of lobster are:
predation by fish, cannibalism, starvatfon and predation by man

" (fishing). Possibly but probably extremely rarezin open water, is death
by asbhyxia (Tack of oxygen) or chemical. poisoning. These occur occasion-

ally in commercial storage and handling of lobsters. In the "wild" state

there are remarkably few diseases and parasites of the Tobster. None of

these is known to cause significant mortalities except under conditions
of storage.

The most virulent disease is Gaffkaemia, popularly called
"red tail." The common name stems from an erronious correlation of red
pigmentation of the underside of the tail with infection. In fact, a
wide variation of such pigmentation exists normally, and is independent

| of the presence of Gaffyka. _‘

This condition customarily deve]bps in Tlobster pounds where
lobsters are held for extended periods under adverse conditions. The
causative organism, a tetrad-forming encapsulated micrococcus, reproduces

in the b]bod until it is virtually a pure culture in the terminal stages.




Lobsters in the terminal stages of Gaffkaemia are characterized

by extreme weakness, a tendency to collect at the edges of a lobster

storage pound in the shoalest water, and blood which lacks blood cells

and does not readily clot. The behavior suggests that asphyxia might

be critical in terminal stages,

More recent studies of Gaffkya indicate that the infection once
established, passes inevitably through the stages of infection to death.
Contradictory indications exist in lobster pounds, where rates of infec-
tion among‘stored lobsters may soar in late summer and early fall. If
no action is taken by the poundkeeper, evidences of infection decline
with dropping temperatures and disappear by early winter. Losses in
such situations may be inconsistent with the apparent degree of seasonal
infection.

Gaffkya éan be demonstrated in bottom sediments. of lobster pounds,
and at the heighi of the 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 negative. Infection apparently requires a break in the
integument.

One can make a very good case for pollution being an important con-
tributoryfcause to the unfavorable environmental ¢ondftion§ normally

‘associated with the blood bacterium, Gaffkya homari, which in some years

has taken a very high tol1 of lTobsters in storage and, in some areas,

has been reported to occur extensively in "wild" lobsters.




Another disease is one called "shell disease," which is
caused by chitinivorous bacteria which consume the outer layer of
shell. A lobster's shell consists of three layers: an outer layer
composed of chitin, ghemica]]y related to hair, fingernails and
hooves in mammals; a 1ayér of crystalline calcium carbonate (1ime)
which'givés strength énd 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 1arge proportion of the shell.
As the calcium layer is exposed, it erodes, leaving the soft endoderm
exposed. Lesions may cover much of the shell, but do not appear to
cause severe mortality except when gills are attacked. Then respifatory
failure occurs. Shell disease may be endemic in certain locations,
and the infection can spread in a Tobster pound. It appears to be a
winter disease, perhaps because only lobsters removed 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 decline is the Tong-
term accumulation of commercial insecticides and their breakdown products
from fresh water runoff and atmospheric fallout into the inshore ocean
waters. Since lobsters are closely related fo the insect pests being
sprayed with chiorinated hydrocarbdns, organic phosphates and arsenical

compounds, they are extremely sensitive to those control measures and

high mortality rates have occurred when Tobsters were 1nadvértent1y




exposed to insecticides under normal storage conditions. Chlorinated

hydrocarbons are persistent and highly toxic to crustacea‘in'trace

dilutions (1 part in 5 billion has resulted in 100 percent ki1l of

larval Tobsters within 24 hours).6
| Biologists of the Maine Depértment of Sea and Shore Fisherfes

have been invo]ved in reseafch and experiménta1 evaluation of insecticides

and their effects bn mariné animals since September 1946. At that time

a mimeographed bulletin was distributed to members of the fishing

industry warning them not to expose 1ive jobsters in any way- to DDT.

This warning was based on the results of laboratory experiments and

field observations by the Bureau of Commercial Fisheries and Department

bio]ogfsts. Preliminary findings indicated that DDT is toxic to Tobsters

in‘concentrations of approximately 1 part in 10,000. S1nce that. time

1t has been found that marine organisms are adverse]y affected by many

pesticides, particularly the more recently developed chlorinated hydro-

carbons‘and organic phosphates. DDT certaih]y is far less acutely toxic

to lobsters than most‘ch]orinated hydrocarbons, and the organic phoéphates--

malathion, sumithion, and parathion--appear to be even more toxic to

crustacea than many of the chlorinated hydrocarbons. Forty-three lobster

samplzs, representing 54 Tobsters, 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

fR. L. Dow, Pesticide spray poisoning tabled as major Tlobster
morta11ty cause, National Fisherman, 52(9):10C-11C.




Bureau of Commercial Fisheries cruises and one was a Magdalen Island
sample from Quebec. Although the number of samples and the period of
sampling would be inadequate for definite conclusions, there is evidence
bf an appreciable increase in total residues (Figure 3). Sampling has
shown. a decrease in toxic levels from the general source area seaward
and from fresh water to tide water, as indicated by representatiye
speéies from the two environments. Sampling has indicated seasonal
vakiafions in residual levels of chlorinated hydrocarbons in represen-
tative organisms and a highér Tevel of residual toxicity with time in
the same areas.

Seasonal fluctuations associated with fresh water runoff are
evident in the case of the soft shell clams taken from Maine estuaries.
During the 5 years of sampling, the peak of DDT and its metabolites and
dieldrin has been associated with high water flows between March and June.
Minor increases in residues have also occurred coincident with fall
rains, but in general residues have declined to trace 1eye1s by Tate
summer and early fall.

0f the marine and estuarine species sampled since November 1965,

“all have produced traces or measurable amounts of DDT, its breakdown
products or dieldrin.

| The first definite association of DDT with lobster mortality in
nature was in early 1966. A 1obster from a holding pound with a High

incidence of unexplained mortality and a record of nearby pesticide appli-

cation over a period of years was analyzed for pesticide residues. This
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animal was found to contain .013 ppm DDT and .029 ppm DDE. More exten-
sive surveillance of the area has demonstrated an extensive pesticidal
build-up not only in lobsters but in other marine organisms as well. It

is presumed that pesticides contributed to the unusual 1obster mortality
rates of this pound which did not decline significantly until aerial
spraying was discontinued. Since higher concentrations have been found in
fresh-caught lobsters, we assume that insecticides are a major contributing
factor in unexplained pound or tank-stored Tobster mortalities.

Toxic levels for lobsters or other marine animals are unknown except
under Timited 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 Taundry facilities are also toxic to lobsters
and may locally be a significant contributor to thev“natura1" mortality
rate. AOi] spills in Casco Bay have decreased the survival and market-

ability 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 adverse]y affected lobster
abundance by reducing the food supply and creating toxic conditions. -

One such well-documented harbor dredging occurrence in 1959 resulted in

a 32-fold increase in the mortality of stored lobsters within the period

of a week.




0f those metals which have been evaluated copper causes the
highest rate of mortaTity amongvlobsters. Although natural seawater con-
tains 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 eva1uated metals naturally occurring along the Maine
coast, zinc is probably the second most toxic. Since several toxic metals
are used in industrial operations, po11utibn from these sources may very
we]] be building up a lethal barrier for lobsters in some inshore areas.
For this reason, mining in areas whére metallic residues might be carried

into tidewater poses threats to the lobster resource.

A summary of experiments measuring the relative toxicity of metals

to Tobsters in shown in Table 8 in which natural seawatef and artificial
seawater were both used to evaluate metals.

.In these experiments four lobsters were placed in each tank con-
taining about 182 liters of water. Air was bubbled through a hardwobd
plug to provide aeration and circulation. .

The Tobsters in the control seawater tank demonstrated their hardi-
ness in the absence of crowding. In the first experiment the seawater
controls Tived 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. Sé]inity of the water at this

time had risen to over 80 o/oo because of evaporation.




Table O

Average Survival - Davs Per Lobster

Copper Zinc Aluminum  Lead Stainles

Seawater .5 i7 15 30 35

Artificial 2 19 31 27 22




The probability of such a limitation to lobster survival being
ultimately deve]oped’in the inshore waters is very great when the various -
hafmfu] materials are considered. Metals from either industry or mining,
detergents from household or commercial use, ihsecticides, hydrogen sul-
fide from marsh or harbor dredging and other organic sources, and of1
spills are all serious threats to lobster survival, especially in those
waters adjacent to the 'shore or to tidal rivers where upstream sources
may contribute toxic materials.

Organic materials or chemicals which impose a high rate of dissolved
~ oxygen dep]efion are other survival threats to the lobster. These may
include such diverse substances as sawdust, sulphite and other chemical
wastes from paper mills, domestic sewage, fish offal or chicken waste from
processing plants, or mass mortalities of fish in tidewater, and storm-
Toosened kelp which has been stranded in shallow and relatively warm water
where decomposition is rapid. Even normally high seawater temperatures of
 summer accelerate organic processes and decrease disso]ved»oxygen.

"Calico" lobsters have bright yellow spots, which may appear on the
carapace or dorsal surface of the tail. With dissection, each yellow
spot (which is usually raised above the surrounding shell) is found to
be underlain by a pustule located between the endoderm and mesoderm.’

The pustule apparently does not prevent shell formation at moult, but does

prevent the deposition of the red and blue pigments. The condition is a

7-D. M. Harriman, personal communication.




slowly developing one, occurring endemically in isolated areas. It

does not develop in the periods of storage, and its effect on survival
in the wild is unknown. - Such lobsters can be held in captivity for many
months with neither appreciable mortality nor visible change in develop-
ment of Tesions.

There is a class of infections which appear to develop at the

site of wounds. They probab]y are caused by the same organism which

infects claw plug wounds. Under conditions of long-term storage, pustules
develop around the plugs, occasionally enlarging until the claw shell is
eroded through from the inside. The contents of the pustule contain
bacteria which are lethal if injected into the lobster's bloodstream.

Some lobsters have brown spots of varying sizes in the membrane
on the underside of the tail.  On close examination, each of these spots
is found to surround a wound or puncture of the membrané. As the lesions
develop, the membrane may erode, and Toss of body fluids may occur. The
condition varies from minor to lethal. Its contribution to natural
mortality is unknown, but possibly significant.

These diseases are far more damaging to lobsters fn captivity than
in nature. In captivity lobsters are much more crowded, there is more
opportunity for infection, and the weakening influences of the environment
tend to reduce the Tobster's resistance to disease.

Fresh watef is often fatal to lobsters. Lobster tissue and blood
" are of about the same concentration as the surrounding seawater, and the

lobster kidney is ndt able to maintain the internal concentration as the




outside water becomes fresh. 4Therefore, as the salt content decreases,
the lobster tissue takes up water to maintain the same concentration.
If the water becomes too fresh, cells become so distended that they
burst. With the organization of the body damaged, the lobster dies.

The degree of freshness which a lobster can tolerate depends upon the

rate of change in salinity, the temperature and the amount of available

oxygen. Seawater in the Gulf of Maine is normally about 32 o/oo salt.
Lobsters begin to show symptoms of fresh water poisoning at approximately"
20 o/oo salinity, or about two-thirds the concentration of seawater.

At times lobsters are overcrowded in pounds or floating cars.
The supp]y of oxygen is then consumed and the lobsters are suffocated.
Tanks us1ng recirculated seawater are sometimes over]oaded with the same
results.

| ttMore.often in tank systems, either using watef pumped directly.

frem the ocean or using recirculating water, a condition called "gas
disease" causes trouble (Figure 4).8 This disease occurs when too much
nitrogen is dissolved in the water by the pump. Bubbles form in the 1ob-
‘sters, weakening and killing them. This condition is similar to the "bends"
~among human divers. Gas disease is more 1likely to develop in crowded
tante and in extremely warm or cold weather.

If the factors influencing the severity of the several lobster
hazards are reviewed, it is found that in almost every case temperatufe;

is mentioned. The heavy losses of lobsters in warm water often raises

SR 8D. M. Harriman, The gas disease ‘in Tobsters,- Department of*Séa
and Shore Fisheries Report 1954.




Figure 4. Bubbles in the
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a question, "How high a temperature can lobsters stand?" Lobsters have
been successfully held in water of 30° to 38° C., and are often found
onxwarm water shoals. Any condition causing weakness in the lobster,
however, is aggravated by high temperatures. Temperatures above 18°
C., are likely to give troub]e'in‘practica1 holding situations. |

A sudden and drastic change of tempmerature or salinity, even
within the tolerable range, will also weaken lobsters and cause death.
Resistance to any given cause of weakness or death depends largely upon
the suddenness of exposure, degree of exposure and the number of such
causes active at the time. Low oxygen combined with gas disease is far
more deadly than low oxygen or gas disease alone, and the same relation-
ships hold for other weaken%ng conditions.

In addi;ion to these frank pathogens, there are other organisms
apparently commensal with the lobster. These include the mussels, barna-

cles (Balanus balanoides), and, even in pounds, kelp and filamentous

algae. Mussels setting on lobster gills frequently cause mortality.
Predation upon lobsters other than by man is probably most
important in early 1ife, especially during Tarval stages, and gradually
becomes less important with increased size except wheh“]obsters are
- confined together, as in traps. At any age or size the most hazardous
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 mackerel, squjd, pollock, and other surface feeding fish.
After the fourth moult the lobster goes to the.bottom and 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 - fish, but other 1obstefs
as well. 1In such an artificial home as a hatchery, one or two fourth
stage lobsters may be the only survivors of thousands started unless that
water has been kept in motion to prevent cannibalism. Larger Tobsters
in traps are more likely to become victims of other lobsters immediately
following moult.

Probably the most important predator on populations of commercial .
size lobsters is man. There is good reason to believe that in those
areas which are intensively fished as many as 85 to 95 percent of the
commercial size lobsters are caught or die natural]y'each'year. In some
locations even the higher figure may be exceeded.

‘Occasiona11y severe storms cause lobster mortalities. Evidence
of this is furnished by lobsters in shallow inshore areas being Washed
ashore in traps and stranded by the ebbing tide. Small ]obsters 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 reported many un-
buoyed traps with entrapped lobsters. With the magnitude of annual trap
Josses and the durability of synthetic fibers, lobster Tosses from this
source, both in terms of mortality and of removal from the fishery, may
pecome of major significance if they have not already.

III. Population Dynamics

A. The -Available Biomass. - Considered collectively, the total Tobster

population of Maine and its contiguous waters consists of autonomous

co1ohies dispersed about attractive ecological areas. Those lobsters of




the biological supply which fall within the Jimits impdsed.by legisla-

tion constitute the legal supply. This supp]y'is of paramouhf interest
:to‘fishermen for a portion of these lobsters tOgether with those.i11ega]
lobsters which enter and remain withinltraps and’other'fishing dé?ices
during the course of the ca]endar or 1obster year make up a third supp]y——

the ava11ab1e supply (1 ., those 1obsters which are available for

. catch1ng)
The biological abﬁndance of 1éga1 16bster can be estimated
within 10fpercent‘i“from'effOrt-yie1d'and temperéture-yie1d ddté.
"Theiﬁbst‘pFObab1e;erhor in assuming an-identity betWeéﬁ’Féfative
abundance and the Tegal supply would involve the presence of islands
of unfished Tobster stocks, Tocated in isolated rocks and shoals within
or on:the‘edges of the heavily fished bottom’ Such a pattefn'wod1H:V |
require 6aréfu1 planning to detect. It is however a p1vota1 issue

in interpreting the mean1nq of other determ1nat1ons




. Since the fishery appears to be carried on at a relatively high
order of 1ntens1ty, 90 percent or more, the legal supply is Tlargely
dependent upon those previously sublegal lobsters which became legal
as a result of moulting and comprise the recruited supply. For bio]bgica]
and meteorological reasons, it is assumed that the available portion of
the biological supply varies seasonally and geographically as well as by

~sex, age, and probably other factors. It is now becoming increasing1y

evident that hear]y all of the available legal population is being caught

each year.

B. Recruitment. Sample measurements have indicated that the

catch has become increasingly dependent upon recruitmént by moulting of

previously sublegal lobsters. In 1947‘0n1y 79 percent of the catch con-

sisted of newly recruited lobsters; by 1953, previously sublegal recruits
made up 86 percent of the catch. Sampling of the catch in York County in
1949 and 1950 indicated that in those years the number of recruits in the
catch averaged 90 percent as compared with 83 percent for all Maine coastal
counties, suggesting that the present intensive level of fishing effort
coastwide had been experienced in York County two decades earlier.

C. VYield, Fishing Effort and Seawater Temperature. Interécting

factors of fluctuating seawater temperature influencing supply and variable

fishing effort affecting yield have been evident throughout the history

of the Maine Tobster fishery.9

IR. L Dow, "The Use of Biological, Environmental ard Ecoromic
Data' to Predict Supply andto:Manage a Seﬂected Marine Resowrce, " THev- 2w
American Biology Teacher, Vol. 28, No. 1, January 1968.




Catch, f1sh1ng effort, and other related data had been gathered
sporad1ca]1y and d1fferent1a]]y by the State of Maine from the establish-
‘ment of the Department of Sea and Shore Fisheries in 1885 to World War I.

Scattered records of annual catch were reported after 1843 when commercial

‘canning operations were deVe]oped. Detailed information of the annual

catch was first made ih 1880 when ]éndings were 6,457 metric ﬁons.v In
- 1887 the catch was nearly 10,000 metric tons, and in 1889 the a]]étime
record catch of 11,091 metric tons was made,.a total of only 22_metric
: tons more than the secohd highest year of 1957.
. After 1889 annﬁa] production steadily dec]ihed for approximatejy
15 years. Consecutive year data of more than five yeaks were ffrst reported
‘beginning with'1897 Between 1919 and 1938 1hf0rmation wés irregularly
collected by the department and the U.S. Fish and w1]d]1fe Serv1ce Tndependent1y,

and since 1939 by both agenc1es collaborating: in a- cont1nuous data record1ng _program.

A study made by the Department of Sea and Shore F1sher1es of three

f1sh1ng areas 1nd1cated that catch per trap is not a va11d index of abundance.
Dur1ng the t1me of this 1nvest1gat1on a total of 807 da11y trap hauls pro-
duced 2 055 1obsters, or an average of 2.546 lobsters per trap haul, while

a total of 2, 505 set-over trap hauls produced 6,323 1obsters, or an average
of 2.524 ]obsters per trap haul. The importance of thevdata is in the
information they furnish on catch per unit of gear as an iﬁdex of population
abundance. An average of 11 daily trdp hau]; made during 71’fishing dgys

in all months except January, June, and July broducéd 2,055 Tobsters. An

average of 13 set-dver trap hauls made during 198 fishing days in all months

\




except July produced 6,323 lobsters. Although the catch per trap per day

was s1ight1y lower for those traps fished on a set-over basis, the total
- catch for the year was 2.8 times greater. Average trap haul catches
were greater for set-over fishing during October, November, March, April,
aﬁd May, while daily haul catches were greater in August, September,
December, and February. It is doubtful, however, if thesefrégults have
any significancevas far as seasonal differences are concerned. Too many o
other faﬁtors, including weather conditions and demand, influence fishing
effort and would, thereby, modify results. Results of this study indicate
that set-over fishing has no catch per trap advantage over daily fiéhihg
(2.524 to 2.546 per trap haul) and catch per trap remained nearly as high
“during 198 fishing days (2.524) as it did during 71 fishing days (2.546).

It may, therefore, be concluded that annual catch per unit of gear is

more an index of the number of fishing days than it is of fluctuations in

year-to-year abundance.

Although catch per unit of gear cannot be used as an index of

abundance, the number of traps fished can be used as an approximate index

of gross fishing effort.

In years when seawater temperatures are approximately the same,
differences in catch have been associated with differences in effort.

In addition to being the most reliable index of gross fishing effort, the average

annual number of traps being fished is the longest history of recorded

effort data available, consisting of 55 individual years spanning the

period 1897-1971.
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Figure 5. -- Relation between Catch and Fishing Effort (Traps)
for the Inshore American Lobster Fishery, 1905 - 1972 -
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FIGURE 7 .--ACTUAL AND PREDICTED LANDINGS OF MAIKRE LOBSTERS,
‘ 1905-06, 24,28-70. ‘
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These data have been p]otted as an effort-yield curve (Figure 5)

Using the ava1]ab]e data on catch, f1sh1ng effort and temperature the

y1e1d funct1ons shown 1in Tab]e 9 were computed According to the catch-
effort functions, (w1thout the inclusion of seawater temperature as a
variable) the maximum sustainable yie]d from the Maine lobster fishery is
estimated at 22,108,200 pounds. This catch can be caught bytgizeﬂﬁbva]ent of

hauled 130 times.during the year.
pots By adding the years 1897-1904 to the catch effort funct1on the

maximum sustainable yield from the Maine Tobster fishery is_estimated at

29,318,300 pounds and cah be caught by 739, 000 pots The actual number of pots

fished in ]970 was 895 000 and in 1971

more than 1.2 million. On the basis of these ca1cu1ations, there is a
strong indication that the Maine lobster resource is significantly over-
fished. We also felt that the yield equation'shoulo be computed with

the inclusion of seawater temperature as an independent variable influencing
the catch. (See Figure 6 for fluctuations in all these variab]es;) '
The results indicated that seawater temperature within the observable range
has a positive inf]uence on the level of the catch and was statistically
significant at the one percent level.(See F1gure 7 for actuat-and. pred1oted
catch.) Using the 1970 seawater temperature,

the maximum sustainable yield was estimated to be 22,021,000 pounds The
catch is estimated to require 667,000 pots. Although the pots fished

series is a crude proxy for fishing effort, the above analysis doeskjhdicate
a significant trend toward overfishing. |

Effort trends throughout the major lobster producing areas of
the Northweet Atlantic are similar to those observed in Maine (Figure 6).

The 1imit of Maine Tobster supply when the resource is being

intensively fished correlates very well with seasonal fluctuations in




seawater temperature. Although seasonal temperatures appear to be
more influential than annual averages, it is necessary to use annual
averages to compare conditions in different years as well as to compare

climatic trend influences on different species.

D. Dynamic Pool Models. Thomas has applied the yield per recruit

model to the Maine lobster fishery)n' Depending on the methodology, the

instantaneous total mortality (Z) ranged from 1.1363 to 2.9188 while the

. - 103, C. Thomas, An analysis of the commercial lobster (Homarus
americanus) fishery along the coast of Maine, August 1966 through December

1970, Department of Sea and Shore Fisheries, Maine, 1971.
S




Table 9

Estimated Relation betwean Catch, Effort and
Seawater Temperature for the Maine
Lobster Fishery

Equation | g : (ears MSY Emax

Q = -35.6442 + 0.0814 E -0.000061 E2 + 0.6363 T 0.933 1%05-06, 22,021,300 1bs. 667,000 tvraps
(10.96) (8.16) - (3.85) 1924,
‘ 1928-70

Q = -8.4992 + 0.0954 E -0.000073 E2 : - 1905-06, 22,108,200 1bs. 642,000 traps
» (12.80)  (9.12) 1924, '
. 1928-70

t-values in parantheses

Catch in million pounds

‘Effert in thousand traps

Annual seawater temperature °F for
Boothbay Harbor '

Source: Data from Sea and Shore Fishériés

T - ratios in parenthesis




instantaneous natural mortality (M) ranged from .0202 to .3467.

Therefore, the estimates of the instantaneous fishing mortality (F)

ranged from .7896 to 2.8986. According to Thomas, the lower natural

mortality and higher fishing mortality were more plausible. In order to

complete the necessary inputs for the dynamic pool model, Thomas computed

the following equations:

: t ’ ___ v

(2) W= .ovieee |2:828%6 .

Based upon Thomas' estimates of M, W, K, tys te’ and tr under six sets

of combinations, we computed the curves shown in Figure8 . Notice fhat
the maximum yield per recruit for all six functions occurs betweénvan
instantaneous fishing mortality of .10 to 1.50. The observed F ranges
from .7896 to 2.8986 with the latter figure probably closer to reality.
According to Cushing, it is wrong for fishermen to exploit a stock at a
point beyond or to the right of the maximum yield per recruit.]1 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 (3 1/2 inches)

Carapace length.

11 D; H. Cushing, Fishery Biology: é study in population dynamics,
Madison, Wisc., The University of Wisconsin Press, 1968.




Fiqure 8 RELATION BETWEEN YIELD PER RECRUIT AND INSTANTANEQGUS FISHING MORTALITY
~ UNDER VARIOUS PARAMETRIC ASSUMPTIGNS FOR THE INSHORE NORTHERM LODSTER
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E. The Overcapitalization of the Fishery. It is quite apparent

that the Maine American lobster resource is overcapitalized. Overcapitali-

zation is defined as a condition where the index of inputs of vessels,

fishermen and technology into a fishery is greater than that’necessary to

harvest maximum sustainable yield, surplus yield or maximum yield per
recruit. It is quite apparent that based upon both the catch-effort

function and the yield per recruit relation for Maine American lobsters
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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 driving 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 .585 to .999 pounds (1ive 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 important
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 Tobsters:
1. ex-vessel price of American lobsters relative to the

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

real per.capita disposable personal income (standard of

1ivin§).

In prior statistical tests, it was found that crab and shrimp prices as




well as meat and pou1try prices were not significantly related to the

per capita consumption of lobsters. It was anticipated that per capita

consumption of 1cbsters would fall if ex-vessel prices increased faster
than the general pr1ce ‘level and would rise due to increasing real per
capita income. F1gure 9 shows the est1mat1ng accuracy of our statistical
equation which is consistent with our expectations. _This_re]ates the
per capita consumption of a]l kinds of Tobsters to ex—vesSel'pricec and
per capita income over the ]950-69 period. Acccrding to the analysis, a
10 percent increase invlobster prices will reduce per capita consumption
by rough]y 3 percent However, a 10 percent increase 1n per cap1ta
income would 1ncrease per capita consumpt1on about 17 percent The con-
sumer demand ana]ysis for lobsters indicated that despite rising lobster
prices, per capita consumption increased due to the rtse}in the standard
of 1living. This providedﬁstrong.econbmic incentive‘tobexpand the domeStic

]obster_fisheries.

“B. D1str1but1on of Lobsters About 87 percent of the Maine

American lobster catch is d1str1buted 11ve FﬁShérmen_se]] to local”
buyers, retail trade and large dealers. The following recent data show

the mark-up of lobster prices over the ex vessel level.




Figure 9, --Actual and Predicted Per Capita

Consumption of. All Lobster‘s,l950-69
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per capita consumption of all 1obstérs
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Table 10".--Ex-vessel, Wholesale and Retail Prices and Markups for
American Lobsters, 1959-71 ’

] Fisher-
Price o men's Mar‘kupst
' ' share of

Ex- Whole- : retail Whole- . Re-
Year vessel sale Retail salers tailers
' --Cents per pound : Percent

1959 : 87.00° : : 42,41

1960  45.70 . . . 16 .65 22.
1961 . . . . 14 26,
1962 . . . . . 91 26.
1963 . . . ‘ . .58 1.
1964 .20 . . J1 - 732, 19.

1965
1966
1967
. 1968 . ' .
1969 . 133.

1970 99.20 - 153.
1971 108. 178.99

Source: Economic Research Laboratory




Unfortunately, retail prices are only avai]ab]e 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
mark-up has been declining somewhat as indicated by the figures in Table 10A.
It must be concluded that cost pressures are coming proportionally more
at the ex vessel level than at wholesale or retaii.
On the average, the wholesaling function has added approximately

. 43.5 cents to the price of lobsters over the ex vessel Tevel while the

retailing function has added 26.6 cents to obtain the fiqg] price.

G Regioné] Consumption of Lobsters. A consumer survey panel,

consisting of representative households throughout the United States,
recorded their fishery product purchases for a 12-month period, beginning
in February 1969, They were participants 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 lTobsters. 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 Midd]e
Atlantic and South Atlantic regions (Figure 10).Home consumption in all
other regions is insignificant, with the exception of the East South
Central area, which accounts for just under 5 percent of the total.

The figure§ represent fresh lobster and consist chiefly of American

lobster. It is likely, however, that.some of the quantity attributed
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to the southern area states represents local spiny lobster.

| New England's predominance in at-home Tobster consumption
reflects the difficulties, and high cost, of shipping live Tobster
from the producing areas. Tradition, of course, insures a strong
local market for limited supplies of American lobsters. It should
be noted, however, that the survey also revealed that home consumption
of lobsters represents only 40 percent of the total quantity consumed
in the U.S. 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 frém the at-home con-
sumption distribution is that out-of-area retailers are reluctant to
assume the risks of marketing live lobsters, which are highly perishable
outside their normal environment. Consequently, in the event that Tobster
production shoﬁ]d be increased--and this is a possibility with deep-sea
lTobster fiéhing-—improved ways of handling lobsters will be needed to
enhance retailers' dispositions toward marketing the product.

Since 1946 when the first frozen whole lobsters were marketed
similar products of varying degrees of acceptability have been processed
and sold in the less accessible market areas of the U.S. and in Europe.

Frozen lobster tails, which are mostly foreign imports, are
consumed most heavily in the Middle Atlantic region. Per capita con-
sumption of jobster tajls in the Middle Atiantic is 1.6 times the U.S.

average for at-home consumption, and the area accounts for 29 percent

of the total cbnsumed in the U.S. ‘The East North Central states con-




sumed 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
:.fé méjbr market for lobster tails, and accounts for 16 percent of the

fbta] consumed at home (Figure 11).
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~ Not surprisingly, consumption of frozen lobster tai]é is low
in New England, what with the availability of local supplies of northern
Tobsters. Consumption also is Tow (almost insignifiéant) 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 significanf quantities consumed in the Pacific states which
account for 8 percént 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 for Lobster Boats
(1) Data Source. Data are not collected on a systematic
basis on the earnings of lobster boats. Fortunately, we do have data
collected by Professor Andreas A. Holmsen of the University of Rhode
Island. These data pertain to the operations of the New England trap- .

lobster fishery (Connecticut, Rhode Island, Massachusetts, New Hampshire

and Maine). A sample of 186 boats was collected (126 operating out of

Maine) for the year 1967. This represents approximately 2.7 percent of
the universe of 6778 boats. Data were collected on such items as gross
stock, variable exéenses, fixed expenses; physical characteristics of
boats; utilization of boats and socio-economic characteristics of the
fishermen.

2. (2) Determinants of Production Among Lobster Boats. Using

our sample of 186 boats for 1967, we attempted to explain the variation
in annual landings of lobsters among the Boats. It was hypothesized
that a number of factors might be responsible for variations in annual

production of Tobsters by boat:




(a) Boat Size: Larger boats may be capable of greater

range and/storage capacity;

(b) Boat Age: If not adequately maintained, older

vessels might be less productive;

- (c) Boat Horsepower: Horsepower increases range;

ability to fish in rough weather as well as speed in hauling traps;

(d) Number of Traps Fished: The more traps used the

Targer the lobster catch;

(e) Number of Trips: Probably the most’important

variable.in influencing the total lobster landings of any boat is the
time utilized for fishing during the year;

(f) Distance Traveled to Grounds: Greater distances

traveled would be compehsated by larger catches.

Of course, there are probably other factors that determine the annual
production of lobsters, notably, "the good captain hypothesis." That

is, the experience and capability of the captain or boat owner may greatly

influence the annual production, ceteris paribus. To explore some of the

hypotheses Tisted above, we ran a regression of annual lobster landings
against the various boat characteristics and operating patterns. This

is shown in Table 11. Although boat size, age andvdistance'to the grounds
were statistically significant variables (at the 5 percent Tevel) in
"explaining" annual production, the number of traps fished and fishing

trips were more significant as dindicated by their t-values. Horsepower




exhibited a negative sign which is inconsistent with the theoretical
hypothesis. The R% - .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 lobster boat operation are re-
lated to the physical chéracteristics of the operation as well as pattern
of operation. Table 11 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, phyéica] 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 Tobster traps; and (4) distance from grounds. However, the R? was
only .19. Table 11 also shows the explanatory power of various boat
characteristics and operating patterns in determining components of costs.

(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 distinguish from returns to labor (i.e., the vessel
owner as a Tobsterman). For the most part, the lobster firm is a one man
operatioh where the owner is also the worker. However, some lobster boat
owners do employ 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 ]obsterman in Table 12. The average boat earned approximately $10,460
per year frbm fishing (unadjusted for weeks or hours lobstering) and

incurred costs of $4,439 Teaving returns of $6,021 to boat and lobsterman.
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Table ]2'

Revenue, Costs and Returns to
Boat and Lobsterman for
a Sample of 186 Boats, 1967

Income from Fishing $1,945,558 10,460
Lobster Landings 1,890,143
Other Fishing 55,415

Costs of Fishing and
Returns to Lobstermen
and Boat ‘ 1,945,558

Costs of Fishing 825,651
Bait, Salt, Ice 211,068
Ropes, Buoys, Clothing 146,495
Wages to Helpers 126,127
Fuel and 0i1 ' 113,302
Depreciation 90,658
Utilities, Transportation - 67,277

"~ Repair and Maintenance 47,029
Insurance 12,252
License, Taxes 11,441

Returns to Boat and Lobstermen 1,119;907




However, these figures may be very misleading since they include boats
that very 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 lobsterman after
deduction of costs shown in Table 2) for each boat by weeké lobstering.
This yielded returns to boat and lobsterman per week. Figure 12 _shows

a frequency‘distribﬁtion of weekly returns. The average returns were
$125;000‘per week. This can bg compared to 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 Tobstermen 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 Tabor (lobsterman), we
estimated “profits” or return on investment by taking 15 percent of total
business investment. Fifteen percent was considered an adequate return
on capital given the riskiness of the lobster business investment.
Figure 14 shows the results. The average weekly earnings were reduced

to $116.79 as estimate of the return for laboring. It is interesting

" to note that given the capital investment, many lobstermen worked for

negative or no wages at all. That is, the additional laboring made a

negative contribution after adjustment for capital investment. This 1is

clearly a risky industry.

(5) Determinants of the Distribution of Returns. Why do

hourly and weekly returns to boat and Tobsterman vary so greatly as shown




in Figures 12-14. To explain this variation, we related "returns"
per week to the following variables:

Crew size
Boat size (length)

Boat age

- Horsepower
Number of traps fished

Trips per week

Average price received per pound of lobsters
Years lobstering

Average depth fished in

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 ié well recognized in the Titerature on
cost and earnings in fishing. Table 13 shows the statistical results.

O0f all the variables specified above, only boat, age, number of traps

fished and trips per week were statistically significant at the 5 percent

level. Fiha]]y, Figure 13 shows the actual and computed distribution of
average weekly earnings. Notice that we underpredicted the very low

income group (0-$100) and over-predicted the middle income group ($100-$200)
while doing fairly well with the upper income group ($200-$300). The large

unexplained variation in earnings 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 11). Therefore, it must be
concluded that much of the variation in lobstermen's earnings are explained
by "unexplained" variation in costs of production as well as the "good

captain" hypothesis.




Fiqure 12

Weekly Total Income for a Sample of American Lobster Boats, 1967
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Figure 13

Hourly Income for a Sample of American Lobster Boats, 1967
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Figure 14

Estimated Labor Weekly Income for a Sample of American Lobster Boats, 1967%
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Tab]e.ﬁ?--Re]ation between returns to boat and lobstermen and various operating -
characteristics

_ Weekly returns to Hourly returns to - Weekly returns to Hourly returns to
OJperating Lobstermen and _ Lobstermen and Lobstermen and Lobstermen and
Characteristics boats boats boats * boats *

Constant -192.70

Vessel size : 3,0884
' (1.67)

Vessel age -2.4547

(2.31)

Horsepower . =.17969
' (1.48)

Number of traps
Number of trips

Crew size . -3.3631 -

Number of traps .31477
(6.30)

Trips per week 31.894
(4.63)

’Average brice 73.889
S (0.58).

-1.7807

.06773
(1.34)

- ,06013
(2.05)

~.00288 -
(0.87)

-.14136
(0.26)

. 00636
(4.62)

© =199.99

3.4615

(1.87)

-2.7361
(2.58)

(1.41)

-2.2868
(0.12)

.31322
- (6.29)

34.554
(5.02)

71.659
(0.56)

-1.5057
.07376
(1.44)
-.06838
(2.32)

-.00262
(0.78)

-.10202
(0.19)

00610
(4.40)

4,0898
(1.17)




Figure 15

Actual and Computed Total Weekly Income for a Sample of American Lobster Vessels, .1967*
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E. Supply Ré]ationéhips

Although the demand for all Tobsters was cohéidefed above,

for management pufposes 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 frdm approximately 222,000 in 1940 to

1.2 mi11ion in 1971 or annual rate of growth of 5.6 percent. This

Targely resulted from the rising demand presSures discussed above. Dow

et al. (1961) showed the strong relation between the catch per trap of
Tobsters and two 1mportant 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 éertain’rangeé, détch'per trap

is increased by increases in seawater tempé?atd?e which causes lobsters

to be more active in foraq1ng and to grow more rap1d1y Therefore, the supply
of inshore Maine lobsters is

largely governed by the population dynamics indicated in Section III.

The maximum sustainable yield from the‘f1shery was estimated to be ‘about
.22,]08,000 pounds (Tive weight) that can be taken with approximately
642,000 traps (see Table 9). Pkesently,'there‘are 1.2 million traps (1971)
| in the fishery catching,ﬂgf%%oig%% pounds. “As indicated above, the Maine
inshore fishery is considerably 6vercapitalized on all accounts. Therefore,
it is safe to conclude that further increases in the demand for lobsters

in general wii] result in deckeases in supply from the Maine American lobster

fishefy.




If additional lobster supply is desired, then the most 1likely
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, 1955; Dow, Goggins,
Harriman, and Hurst, 1962) based on size-frequency distribution, frequency
of moult, and calculated growth increments. These studies indicate that

growth offsets natural mortality in terms of net weight; therefore, if

greater volume is desired it may be obtained by an increase in the mini-

mum size regulation. Approximately 10 percent net volume increase for
each 1/8" minimum carapace size increase is possible up to/gt least a
minimum size of 3 5/8".

Measurements of the commercial catch indicate what the average
carapace size and average weight will be for any given minimum size from
31/6" to 3 7/8". At 3 1/16" average;carapace size will be 3 3/8" and
average weight will be 1.1 pounds. At the other extreme of 3 7/8" cara-
pace average size will be 4 3/16" carapace measure and average weight will
be 2.1 pounds.

Obviously, treﬁds in abundance will have profound effect upon
catch irrespective of legal size changes. Before the last minimum size
change in 1958, it was predicted that the total annual catch for the next
4  years would be: 1958, 18.3 million pounds; 1959, 20.1 million pbunds;
1960, 20.9 million pounds; 1961, 21.2 million pounds. The actual catch
during this period was: 1958, 21.3 million pounds; 1959, 22.3 million




pounds; 1960, 24.0 million pounds; and 1961, 20.9 million pounds, or a
total of 88.5 million pounds as compared with a prediéted total of 80.5
mi]]%on pounds. '

| These predictions were based on an assumed constant level of
abundance derived from catch sampling between October 1949 and October 1952
when the average annda1‘catch was 20.1 million pounds, representing 84
percent of the legal population. If predictions had been based on 1953-55
sampling, when annual cétch averaggd 22.2 million pounds, representing
86 percent of the legal population, then the predicted catch would have
been: 1958, 20.8 million podnds; 1959, 22.8 hi]]ion pounds; 1960, 23.7
million pounds; and 1961, 24.1 million pounds; or a tofa] of 91.4 million
pounds for the 4-year peribd, with an errbr ofA2.9 ﬁi]lion pounds or 3.2
percent. |

With the:presént minimum size, fhe anticipgted range of lobster

carapace sizes recruited by moulting from'sub1ega1 stoéks is 81 mm (3 3/16")
to 91 mm (3 19/32"). The weight increase from 81 to 91 mmvhas averaged 43

percent.

An increase from 81 mm (3 3/16") to 83 mm (3 1/4") 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 21/32"), and an average 47 percent in weight to 1.37 1bs., while

the next 1/16" minimum size increase would remove from the legal stock




those Tobsters less than 3 5/16" in carapace'1ength, representing 19 percent
of the catch remaining between 3 5/16" and the maximum size of 5" carapace.
In the meantime, 3 3/16" lobsters, representing 9 percent of the catch, during
the preceding yeaf have moulted and increased to an average carapace length
of 3 5/8" (92 mm) and an average weight of 1.34 1bs. or 47 percent increase.
Since annual mortality appears to average approximately 7.5
percent per 2/16" (3.2 mm) carapace between the minimum legal size and
- the maximum carapace length of lobsters recruited by mou]t}fkom the sub-
legal population, the loss of these animals by cannibalism, 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 occdr, 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 lobsters.

To express number of lobsters as weight, the following conversions

have been used:




Table 13

Average Length-Weight of Lobsters

Weight
Length o Pounds Grams

3 3/16" (81 m) .91 413
3 1/4" (83 mm) .97 440
3 5/16" (84 mm) .02 463
3:3/8" (86 mm) | .08 490
3 7/16" (87 mn) o 4 518
3 1/2" (89°mm) | .21 549

Annual sea temperature during the 3-year period 1969-1971 has
remained virtually the same: 8.9, 8.99, 8.70 C.; yet, lobster catch has
declined 8.4 percent and 3.4 percent on a Year-to-year basis ahd 11;4 percent
cumulatively.

Table 14

Effort - . .
millions Annual sea . Catch - Catch -

of traps Temperature OC.  pounds metric tons

.81 8.9 19,834,780 8,997
1.7 8.9 18,172,269 8,243
1.26 8.7 17,558,351 7,964

During the 1957-1963 period of near-optimum sea temperature,

the catch of Tobsters annually averaged 10.2 thousand metric tons and mean

annual temperature was 8.6° C. During the equally near-optimum temperature




was 8.89 C. the annual lobster catch averaged only 8.4 thousand metric
tons, a decline of 17.7 percent. Between the two periods, average gross
fishing effort increased 54 percent, from 700,000 to 1,080,000 units

per year.

The relationship among temperature, effort, and landings

suggeéts that overfishing (effort) has had an annual value of nearly 6

percent in reducing catch.

Maine Tobster abundance declined after 1957. Sincesthe rate
of decline has increased during the last 15 years, it is likely, in view
of the demonstrated overfishiﬁg of the resource and anticipated less
favorable sea temperature conditions until the decade between the mid-
1970's and the mid-1980's (Willett, personal communication), that decline
during the 1973-1976 period may average about 12 percent with an annual
average catch of 7,400 metric tons. '

Table 15
Catch Catch Catch Forecast

(metric {metric (metric Catch
Year tons)* tons)* Year (metric tons)*

1957 11. . 7.5 1972
1958 . . . , 1973

7.4 (actual)
7.
1959 1974 7.
7.
7.

10. . .
1960 10. . . 1975
1961 . : . 1976
Average 10.3 . . : 7.
% decline

*Thousands of metric tons




Labor Force Characteristics

To get some idea of the socio-economic characteristics of

the Tabor force, the University of Maine was given a contract by the NMFS
to study this matter. The study concentrated on three typical communities
rather than encompassing the entire Maine lobster fishery. These communi-
ties are:. Phippsburg, Beals, and Corea. (See Figureig ) The selection
was made in consultation with the Maine Department of Sea and Shore Fisheries
and the National Marine Fisheries Service. The existence of some contrasts
in the structure of the Tocal economy and the relative important of lob-
ster fishery in their economy weighed heavily in the selection process.
Corea repfesents a highly specialized, isolated economy where lobstering
is the predominant economic activity. Beals is also highly specialized
but ]éss isolated than Corea. Phippsburg's economy is more diversified
and in close proximity to sources of alternative job opportunities. Each
of the areas has one feature in common: the lobster fishery is a major
economic activity. It is difficult to say how representative these three
communities are of the entire lobster fishery. Sufficient information is
not readily available to identify the economic characteristics of the
“population of Tlobster fishermen in Maine and relate them to those of the
sample fishermen in these communities.

% To generate the information needed for this investigation, a
stratified random sample of 131 fishermen was selected. This size of the
sample depended essentially on the estimated cost per interview and the bud-

getary constraint. The allocation to each stratum was strictly according
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to proportion of fishermen in each community to the total number of fishermen
of all three communities. The survey data was supplemented by information

on the local labor market obtaiﬁed 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 interviews, the survey was completed in six

weeks. The response rate was better than 90 percent.

There were 5750 lobster Tlicenses issued in the state in 1969.
Thesé 5750 Tobstermen 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 years. Table 14
illustrates a seehing]y cyclical pattern of lobster Ticenses, showing a
high of 6472 in 1961, a low of 5425 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 percent of the 6316 fishermen licensed in
1970. A sample of i31 of the fishermen were randomly selected by comhunity
as shown in Table 16. |

Average age of the lobstermen in the sample is 42.6 years.

There are 15 below the age of 19 and 18 in the age bracket 65 and over.

The median annual income for the group is $5,280 and average fncome is

$6,213\f’ This agrees fairly well with our cost and earnings sample of boats
indicate average annual earnings of $6,021 for 1967. There are 13

fishermen with income less than $1,000 and 15 with income over $14,000.

Of the 118 fishermen who gave reasons for lobstering, 33 (which includes




Table 14

Number of Lobster Licenses Issued in .Maine 1961-72

Year Number of Licenses

1961 6472
1962 5658
1963 5695
1964 : 5803
1965 ' 5802
1966 5613
1967 5425
1968 5489
1969 5750
1970 6316
1971 6702
1972 7117
Source: Maine Department of Sea and Shore Fisheries




Table 17

Age Distribution of Lobster Fishermen 1971

Age Total

IR

15 530
15-19 66U
20-24 576
25-29 630
30-34 522
35-39 533
Ho-uuy 542
45-49 552
50-54 560
55-59 46l
60-6u4 374
65+ 588

1

8.
0
8.
9.
8
8
8.
8.
8.
7.
5.
9

ONHFHFOULWNO O 0N

Total 6532 100.0

Source: Maine Department of Sea and Shore
Fisheries




Table 18

Distribution of the Samp]e_Fishermen by Communities

Communities

Total Fishermen

Sample

Beals
Corea

Phippsburg

137
73
67

61
27
44




3 students) responses may be categorized as "economic" ahd the rest
“non—econdmic" including home consumption, preference for the particular
way of 1ife, inf]uenée of family and so on. |

Of the 109'fishermeh'who supplied information on number of
traps, é]ight]y over 50 percent owned less than 300 traps; 23 fishekmen
owned_more than 500 traps. Of the 93 fishermen whorgave information on
investment in trap'gear approximately 50 percent had invésfmént of 1ess
than $2,000; only 3 had investment of $8,000 and over. fhé average years
of education was 9;8. Approximately 40 percent had less fhan~9hyears of
education. Of 131 fishermen, 41 indicated that they récei?ed‘some type of
formal vocational training in areas including carpentry;'meféj_working,
" mechanic, professional and clerical work. Of 81 fishefmen when aéked

about preference for receiving vocational training, 63 indicated no pre-

ference. Only a small fraction expressed preference for traihing in

electricai; professional and carpentry work.
| | Among the 109 fisherhen who suppTied information 6n income
. from part-timevjobs; 77 indicated that they had 1ittle or no 1hcome from -
this source. Only 7 indicated that they received more than 50 percént of
their 1ncomefrbm a]tefnative jobs. These general characteristics of the
lobster Tabor force will be used invdetermining the socio-economic impact

of various management schemes discussed below.




V. Bioeconomic Simulation of the Fishery

A. The Nature of the Model. Before'any specific management
strategies are considered, it is first necessary to understand just how
a fishery functions from both the economic and biological points of view
without extensive management intervention by government. This gives us a
benchmark from which the economic impact of various management policies
can be measured. - Economic researchers first attempt to develop a bio-

ecohomfc model which will explain the most important behavioral factors

for.-a fishery over some period of time, such as ex-vessel prices, fishing

effort, earnings, and catch under conditions of free access to the fishery
resource. The "model" consists of a series of mathematical relationships
which hopefully approximate the economic behavior of those participating
in the fishery. The predictive power of such models is greatly influenced
by each of the building blocks, such-as the hypothesized relation between
catch and effort or catch and ex-vessel prices. The reader should remem-
ber that these models only attempt to consider the most important factors
of a fishery and necessarily omit factors of Tesser importance over the
Tong run.

Although the technicalities of a bioeconomic model will not
be discussed here (See Appendix A), it should be pointed out that the
researcher essentially attempts to explain the determinants of the demand
and supply of fish harvested from a given resource. Most of this empirical
information has been developed in previous sections; Supply or catch
is directly determined by the size of the fishery biomass and the number

of vessels fishing the resource. (Discussed in Section IV-D) The number




of vessels and fishermen fishing the resource is determined by the overall
level of consumer demand for the fishery product. (Discussed in sectioﬁ IV-A)
Consumer demand is determined by income per capita, population, and ex-

vessel prices relative to other protein substitutes. As demand expands over
a period of time due to the expansion of popu]ation and/or income, ex-

vessel prices will increase, which in turn produées’an increase in returns

to existing vessels and fishermen. The rise in earnings induces more

vessels into the fishery, thereby expanding catch given the biological
lTimitation of the resource. The resource lTimitation is built into the

model by relating catch to fishing effort or number of vessels fishing

the resoufce. ‘As fishing effort expands, the catch will eventually reach

a maximum yield. Further fishing will reduce catches. Therefore, the

concept of maximum sustainable yield (MSY) is the largest number of pounds
~of fish that can be caught on a longrun annual basis with a given level

of fishing effort without impairing the viability of the stock.

The bioeconomic model does permit overfishing the resource
where the level of fishing effokt 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 represehts a waste of capital
and labor as discussed in Section III-F. The‘mode1 wi]] allow us to
answer such questions as the following: What is the economic impact of
a sudden increase in imports? What will happen to the fleet if the rate
of growth of U.S. population slows? What is the impact of increases in

per capita income on ex-vessel prices?




B. The Use of the Model. To illustrate the usefulness of our

bioeconomic simulation model for the Maine:7lobster fishery, we
have presented in Table 17 the results of changing va}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 22.1 million pounds (Actual:19.8 million: 1bs. ):7dnd 848,825 .traps fished.
(Actual:805,800;%raps). Now let us suppose that through economic deve]opment'
of Maine (through an oil refinery, etc.) the opportunity cost of Tabor
(fishermen) increases. That is, Tobstering 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 Tlobsters (thkough higher wages
demanded) and reduce effort in the fishery. That is, the inshore lobster
fishery's product would be more expensive than competitors. 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 pré-

dicted to increase to 22.3 million pounds. Similarly, an increase in
exogenous supply of all Tobsters through foreign imports or discovery of

new domestic resources would be a large increase in the market--25 percent--
depressing prices holding all other factors constant. The predicted

result will be a contraction in the inshore northern lobster fishery dde

to the decline in prices. The number of traps fished wou]d be predicted

to decline to 398,424 with a catch of 17.5 million pounds. Remember,
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Tab]e 19.--The impact of exoqenous shocks to the Maine
inshore Amevican Tobster fishery on the
effort, catch and b1omass

Vesse]s,~
full-time
.equivalent . SRR T
K* E* S Kx

¢

‘Number NUmbér ' AMi1Tidh“

(10 Initial equilibriun 1508 . 848825 22.1
(1969) (computed by : C el s e e
model)

New equ111br1um

(a) Increase (25%) in 1213 682524 .
- opportunity cost - T
of Tabor

(b) Increase (25%) in 708 398428

exogenous supply-
of lobsters

(c) Increase (5%)‘5n: 16 " 945833
- personal per capita " i SRS
income

Decline in water o 811833f'1 I
temperature. by 1°. - . - e E

(e) Changes (a)-(d): . .- 685 -+ -385789 .
s1mu1taneous1y :

Source: = See Appendix A




these percentage increases used for purposes of illustration would not

normally take place in one'year, buf most probably, over several years.

As indicated in the discussion of demand for lobsters,

increases in per capita income will increase the per capita consumption
of lobster on the overall Tevel of.demand. As an illustration indicates,
a 5 percent increase in per capita income will increase the number of

for a 130 haul-day year
traps fished to 945,833/from initial equilibrium. Unfortunately, the
catﬁh will fall fo 20.8 million pounds as the fishery will become in-
creasingly overcapitalized. Finally, seawater temperature has a pbsitive
influence on the catch within the observable range. A 1° decrease in
seawater temperature will decreése supply to 20.8 million péunds and reduce
the number of traps ffshed tov811,833. 0f course, reality is much more
complex where all these forces work together to provide a net influence.

This is also shown in Table 17.

VI. Policy Considerations

A. Existing Regu]afions. The purposes of the Maine fishery

 regulations is to conserve the fish, shellfish, lobsters, crabs, shrimp and
marine worms in any coastal water or flats of the 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 residency requirement. The annual Ticense fee is minimal at $10 per boat

per year. : . .y
3. Size Limitation: The size of the lobster is limited to

not less than 3 - 3 1/16 dinches as measured from the rear end of the eye

socket to the rear end of the body shell.




4. Time Limitation: Hours of fishing are prohibited from

4:30 p.m. Eastern Day]ightvSavings Time, Saturday to one-half hour before

sunrise of the fo]]owihg Monday morning from.June 1 - August 31.

5. Sex Regulations: It is a violation to catch spawning
Tobsters or lobsters from which eggs have been removed, female lobsters
with a V-notch in middle flipper or tail or female Tobster with mutilated

middle flipper.

It is not the purpose of this report to evaluate the impact

of these regulations on the inshore ]obster fishery.12

12 This footnote will conta1n a brief analysis of the impact
‘.of changing the. carapace length on yields as well as lobster size on market
demand. This analysis will be supplied later.




History of Lobster Regulations - Maine 1641-1971

Attitudes generated by food needs appear to have influenced
the contents of the Colonial Ordinances of 1641-1647. Inci-
dences like the fo110wing undoubtedly contributed to these
attitudes:

"In an action brought before the first general court,
of the Province (Maine) in 1640, Richard Foxwell of
Blue Point (Scarborough) complains of Cammock for
preventing him and others from fishing for bass and
Tobsters in Black Point River. To this complaint
Cammock answered: 'that by virtue of his Patent
the Royaltie of fishing and fowling belongeth to him,
and (is) not to be violently trespassed by force,
and hath sustained greate damage by their fi?ging
and cominge on his ground and otherwise'..."

Regulation of the Tobster fishery greatly influenced the
extent and form of its development. The Great Pond Ordinance
of 1641 furnished the foundation for all 5ubsequent legisla-
‘tion and provided 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 map to
come upon others proprietie without there Teave."

The first fisheries regulations established after Maine

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.

13 The History of Scarborough from 1633 to 1783. William S.

" 509thgate, p.14. 1853-Maine Historical Society, Portland
Wh1tt1§sey, John J., Law of the Seashore, Tidewaters and Great
Pqnds in Massachusetts and Maine, Boston, 1932, p.XXXVI.




The early history of conservation is primarily a history
of lobster legislation of a restrictive nature. The first Maine
Taw, passed in 1823, was a regulation prohibitihg non-residents
from fishing in Maine waters without permission of local town
officials. This provision closely paralleled a Massachusetts
statute of 1812, the original of all lobster regulations in this
country.

Between 1823 and 1872, the only lobster regulations were
the acts of 1848, 1852, and 1855 which prohibited non-residents
from taking -- among other species -- lobsters by net, weﬁr,
seine or other device.

-Eggs and seed lobsters were first giveﬁ protection by the
public laws of 1872, a regulation which was repealed in 1874 by the
establishment of a closed season on all lobsters from August 1 to
October 15 of each year. It was further provided that any lobster

Tess than ten and one-half inches in length should not be caught, pre-

served, 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 Timit was placed
on the canning of Tobsters during the so-called open season. 1In
addition to forbidding the canning of egg 1obsters, no lobster
less than nine inches in length could be Tegally canned.

‘Changes 1in lobster fishing and canning restrictiqns were made
at eabh legislative session during'the 1870's and the 1880's.

Many of these alterations dealt with khe ambiguous phraseology of




existing regulations, while others broadenes the scope of, and
materially amended, previous statutes. In 1889 egg Tobsters were
again given protection.

Three forces contributed to the great emphasis placed on
regulation after 1870: the decline of the coastal economy, conser-
vation problems, and the competition between canners and the dealers
engaged in the Tive lobster trade.

An all-year minimum size 1imit of ten and one-half inches,
overall length, was passed in 1895. This was the Taw which has been
referred to as putting an end to the Tobster canning industry in Maine.

The method of measuring lobsters remained unchanged until 1907
when a carapace measure of four and three-quarters inches from the
end of the nose to the center rear of the body shell was established
as the minimum legal size.

The Tegislature of 1903 made\provision for the purchase of
egg-bearing lobsters by the state for conservation and propagation
purposes. From twenty to forty thousand pounds of seeders are
annually purchases 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
1icensing’provisions in 1915 for lobster fishermen, dealers and

transporters. From the handful of commercial lobster fishermen

operating during the middle 1800's the number had grown to three.

thousand in 1915.,




Under a provision of the laws of 1919, a new method of.

measuring lobsters was enacted. The minimun legal size was es-

. tab1ished at three and one-half inches measured from the eye socket

to the nearest point at the rear of the body shell.

Subsequent 1ggis1ation defined in detail the method for
carapace measurement, from the rear of the eye socket on a 1line
parallel to the center line of the body shell to the rear of the
body shell.

On the assumption that Targe %obsters constituted a more de-
vsirab]e breeding stock, the so-called double-gauge lobster measure
became Taw inv1933. The minimum Tegal sizewas defined as three
and dne-sixteenth inches and the maximum as four and three-quarters
ihches; In 1935, the maximum legal Timit was raised to five inches
and, in 1942, the minimum legal Timit was raised to three and one-
eighth inches.

No additional changes in size regulations were made until 1957.
A minimum size of three and three-sixteenths inches was passed by
the Legislature in that year, as was a temporary maximum of five
and three-sixteenths inches which reverted to five inches on January
1, 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 gegulation of the fishery.




Summary of changes made by Maine Legislature in
lobster fishery regulations

Type of legislation Years in which changes
were made

Laws changing legal length) 1872, 1879, 1883, 1885,
at which lohsters could 1889, 1891, 1895, 1933,
be taken 1935, 1942, 1957

Laws establishing closed 1874, 1875, 1883, 1885,
Coast

Laws prohibiting the tak-
ing of spawn lobster

1872, 1874, 1883, 1885,
1887, 1889 (continues
in effect)

)
)
v ed )
seasons along the Maine ) 1887, repeal 1895 1/
) ’ '
)
)

1/ Monhegan Island fishermen have a private and special law pro-
viding for a closed season from June 25 to January 1.

~

Robert L. Dow
February 1973




B. Economic Impact of Some Selected Alternative Management

Schemes. We shall consider the economic impact of five alternative
policies that could be adopted to manage the Maine inshore American
lobster fishery. These management 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 (MS;) and Sinclair (1961) 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. A1l strategies have two common objectives: (1) to protect the

resource from overexploitation and (2) to allow maximum freedom for opera-

tors to function in a free enterprise fashion.

a. Freeze on Existing (1969) Fishing Effort by Placing

a License Fee on Traps. Under this scheme, the kegd]atory authority would

calculate a license fee on traps which would keep the Tlevel of fishing
effort constant despite an increase in the demand for lobsters. A license
fee should not be levied on the individual vessel because this would not
control the number of traps fished per vessel. The increased cost of
operations due to the 1license fee would make it uneconomical for vessels
to enter the fishery even if ex-vessel prices had increased. In essence,
the 1j;ense‘fee would siphon off increased revenue (or profits) from an

increase in ex-vessel prices, assuming the latter increases faster than




the cost of opgrations. 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,
Jobster imports, and other domestic production to the year 1974, it would
be necessary to place an estimated annual license fee of $2.27 on each
1qbster trap fished in order to keep fishing effort at its 1969 Tevel.

The regulatory authority would collect approximately $1.93 million in
Ticense fees which could be used to finance resource researc;, enforcement,
and ‘surveillance.

The bioeconomic model discussed above (Section V-A and

Appendix A) was used to estimate the nécessary 1icense 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 111ustratfve tax is also based upon an extrapolation of trends 5 years
ahead of 1969. If we did nothing, it is estimated that the catch would
Be Jower and more fishermen and traps would be employed in the fishery
by 1974. Obviously, the situation would worsen as demand for Tobsters
expanded and the resource became increasingly overfished.

~ The license fee plan does, however, have many disadvantages.
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 fiéh each trap more 1ntensive]y 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
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Inshore American Lobst' Fishery in 1074*

Imo=cL after the impesition of selected management strateqiss for (R
(1) ) — (3) 4

Estimated
values baefore . Frecze at Reduce Reduce
impesiticn of 1669 level fishing Tishing
management of fiching effort effort
strategies e effort to Eyay so MC=P
(1969) y

- . -

Catch (mill. its)| | 22.1 2271 225 . 19.0

value of catch 19.9 28.3 28.8 24.9
(mizl. $)

.
.

Vessels (full-tim 1,508 1,508 1,339 S Y810 1,508
equiv.)

Traps ' 848,825 848,825 753,589 455,868 848,825

Ex-vessel price($ .90 1.28 1.28 1.31 1.28

Total license fées; IR . :
collgcted(thou.$){ 0 1,926 5,378 10,774 0

§2§:2§%$§eeaper' : 0o 1,277 4,016 13,300 0
License fee per: o - - : 2,27 7.14 23.63 0
trap($) . . v
Return per vessel © 6, 365 . ' 8,400 8,400 8,400 11,966
and fisherman ($) - e

% ~vo3°ctlon of 197k~ imnact of selected management v*rategles Assumes that FO = h80 Y = $677.9 billion,

(1969 prices); POP = 212.4 million; Q, + I = 190.4 million pounds, and 7 = $15,292. All prices and
dollar values projected for 1974 are expressed in 1972 dollars. . .
license:fee ' llcense fee
The /- .. per vessel was obtained by multiplying the/ ~ per trap by the average number of traps (562.8) fished
per full -time vessel.




uti]ization increased. Second, enforcement and surveillance might be
difficult along the coastline from Maine to North Carolina. Third,

and most important, the quantitative tools and projected figures needed
to ca]cJ]ate 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 of Fishing Effort to That .

Necessary to Harvest MSY by Placing a License Fee on Traps. With this

scheme, the regulatory authority would calculate a Ticense fee on traps
which would reduce the level of existing effort to that necessary to harvest
MSY (estimated to be about 753,589) despite an increase in demanérfor
lobsters. Because we are actually reducing fishing effort as opposed to
freezing it at the 1969 level, the estimated 1974 license fee per trap must
be higher, or $7.14; actual catch will not be significantly higher. The
regulatory authority would receive approximately $5.38 million in license
fee revenue. However, this plan has all the disadvantages of a general

Ticense fee plan discussed above.

c. Reduce the Existing Level of Fishing Effort to that

Necessary to Make the Marginal Cost of Landings Equal to Ex-Vessel Price.l®

The idea here is to obtain the greatest "net economic benefit" and

15 For most industries, output will expand in response to demand up
to the point where the marginal cost of production (i.e., additional cost
of producing one more unit of output) is equal to the price received in
the marketplace. This is considered an efficient level of production.

In the fishing industry, the condition does not hold because of the common
property nature of the resource coupled with resource Timitations.
Marginal cost pricing is never achieved in fishing, and it is argued by
some economists that regulations should be so structured to achieve this
objective. ‘
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was suggested by such economists as Crutchfield and Pontecorvo.
a regulatory authority had tried this for the year 1974, it would have
had a drastic impact on the fishery as the number of full-time equivalent
vessels and traps would Be reduced by almost 50 percent. To accomplish
this objective, an estimated 1974 Ticense fee of $23.63 per trap would be'
needed. This would yield the regulatory authority approximately $10.8
million in revenue.

From an economic point of view, it is argued that this
management strategy will result in the most efficient operation of the
fishery if fishermen and vessels can easily move to other fisheries or
industries. However, this strategy may be particularly unwise in rural
areas such as Maine where 1abor mobility is low. A drastic cutback in
the number of fishermen may increase social problems where the social
cost would greatly exceed any social benefits derived from such a manage-

. ment stratégy. Therefore, this management strategy is difficult, if
not impossible, to justify on economic grounds for many rural areas where
the fishing industfy is located and also has the same disadvantages as a

general license fee plan on traps as discussed above.

d. Issue "Stock Certificates" to Each Vessel Owner Based

on_Average Catch over the Last Five Years While Freezing the Existing

Level (1969) of Fishing Effort. Under this scheme, the historic rights of

each fishing firm would be recognized. In a manner similar to a private

16 J. Crutchfield and J. Pontecorvo, The Pacific salmon fisheries:
a study of Irrational conservation, The Johns Hopkins Press, Baltimore, 1969.




land grant procedure, the regulatory authority wou1d simply grant each
fisherman a "private" share of an existing resource of catch. The stock
certificate would be evidence of private ownership. Individual fishermen
wou]d be free to catch up to their allotted share fhrough the use of pots
or other_bio1ogica]1y permissible technology; or, if they desired, trade

their spock certificates to others for cash.

Suppose the regulatory authority were to freeze the Tevel

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
regulatory authority fixes effort when it selects a given catch.. The
se1ected‘catch cculd 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 initially endowed with the prop-
erty 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 increasingly excessive returns,
fishermen holding stock certificates might be charged a fee to provide

the regulatory authority with funding to conduct scientific investigations
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 generated 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 Tevels and thereby help improve 1iving standards
to levels comparable to those received in urban areas. This management
strategy would, of course, be popular with those already in the fishery.
However, new entrants would have to4buy 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 article.

e. No Management Strategy. When considering the economic

consequences of alternative management strategies (a 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 taking 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 wquld fall to 21.7 million pounds as computed by the model.

However, we can see that this estimate is very conservative since there

are already 1,247,000 traps in the fishery by 1972, an increase of 398,000
" traps. The fishery has and will grow increasingly overcapitalized and

the resource greatly overexploited as demand increased for Tobsters during

the 1970's. On economic grounds, these results are hérd1y acceptable

because more fishermen and vessels will be catching less.

f. Other Suggested Management Strategies. Reeves proposed a
17

‘hike in license fees to "eliminate" marginal or part-time fishermen.

T7—J. Reeves, The Lobster Industry: Its Operation, Financing and
Economics, (Thesis for Stonier Graduate School of Banking)1969.




He suggested that the present $10 yearly fee in Maine be raised $10

a year over the next 9 years to a Timit of $100. 1In 1969, a little Tess
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 increased licénse fees.
Second, license fees do not directly control fishing effort since fisher-

men may fish more traps. However, Reeves went on to argue strongly for

1imiting the number of traps each fisherman is allowed to set. It is

not quite clear whether anyone knows the optimum number of traps per
vessel.

Rutherford, Wilder and Frick in their study of the Canadian
fnshore lobster fishery endorsed the system suggested by Sinclair. 18

They stated:

An alternative management system is that suggested
by Sinclair (1961) for the salmon fisheries of the Pacific
coast. This would use the licensing of fishermen to Timit
entry into the fishery. In the first stage, Tasting about
5 years, licenses would be reissued at a fee but no new
entries would be Ticensed and it would be hoped that during

18. J. Rutherford, D. Wilder, and H. Frick, An Appraisal
of the Canadian Lobster Fishery, Fisheries Research Board of Canada, 1967.




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 efficient scale of effort;
the more competent fishermen would be able to offer the
highest bids and it would be expected that the portion

of the rent from the fisheries that would otherwise accrue
to the fishing enterprises under the more efficient pro-
duction conditions in the fishery.

An arbitrary reduction in the number of fishermen by
restriction of licenses to a specified number would en-
tail 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 justifiable in a private enterprise
system of production, particularly when the state is
incurring heavy expense 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 recoupt at least part of such public
expenditures, or could be used to assist former fisher-
men (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 regu-
Tations to achieve a desired economic¢ objective--the
limitation of fishing effort to increase the net economic
yield from the fishery. Regulations have to be enforced,
usually 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 placing an additional cost of
fishing on lobstermen through a license fee or auction to reduce fishing

effort. If fishing effort must be reduced or held constant by Ticense

fees, some individuals will leave the fishery or be discouraged from




entering. Although our general model discussed above indicates how many

full-time equivalent fishermen might leave the fishery, we still do not

have an adequate profile of just which group will Teave.

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. Approximately 137 fishermen were interviewed,
sojthét the samp]e represented 2.2% of the fishermen population. The
sample appears tb be fair]y-representative in terms of age composition
and other demographic features. In addition, it reflects the appro-
priate proportion of full-time to part-time fishermen fond in the
population of 6,316 fishermen.

The types of questions asked were designed to obtain the
following type of information (See section IV-E for discussion of soc%o-
economic characteristics).

Categories Types of Information

Demographic Age
Family size and composition
Mobility
Marital status

Socio-economic Income
Employment history
Education and training
Monetary return
Parental occupation
Housing




Categories Types of Information

Operational - Gear types ,
Investment in boat and gear
Operating expenses
Maintenance and repair expenditures
Size of operations
Seasonal patterns
Rate of capacity utilization

Behavioral-Attitudinal Reasons for Tobstering
Job interests
Attitudes toward leaving the lobster
industry
Job-seeking
Attutudes 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.!9

This group also includes all part-time fishermen in the sample. Group

two consists of the possibly trainable fishermen. The criterion estab-
Tished for this group is two-fold: 1) individuals have to be less than 35
years old and 2) they must have enough education so that they can par-
ticipate and benefit from training programs. Despite possible subjectivity
involved in the selection criteria, group two can serve as an approximation

of the intermediate individuals who are neither completely mobile nor

19The Maine Employment Security Commission provided supplemental
- information which was useful in ascertaining which skills were marketable
~in the areas covered by the survey.
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completely immobile. Group three consists of potential hardcore unemployed

fishermen. These are the individuals who are between 35 and 65 years
old and who have no marketable skills. Finally, groUp four contains
those individuals who are not in the Tabor force--students or fishermen
over 65.

The procedure was to derive some estimates of opportunity
cost for the sample fishermen. 20 For groups three and four, opportunity
costs were assumed to be extremely low. For groups one and two, esti-
mates 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 oppor-
tunity cost to variable expenses, calculated from answers given.in the
survey. Since gross jncome was also obtained from the survey, we can
derermine average social cost per unit of output (AC) for each fisherman

in the following manner:

. + . ’
<0pportumty Cost + Variable Expenses> X (Price)

AC = Gross Income

The price used was $.8, the average annual price per pound of Maine
Tobsters in 1970.

Figure 17 plots average social costvagainst the ranking of
fishermen on this basis. This ordinal ranking can a]sd be transiated
into a cardinal measure if, for example, we wish to ascertain how many
individuals from the sample will leave the fishery if the affective price

is reduced by a givén amount.

20 Returns necessary to make it profitable for vessels and fishermen
to fish for lobsters.




To determine which of the groups comprise high and Tow
average social cost, we have derived the following percentage break-
downs. Each percentage given relates to a given group in a particular

quartile.

Group 1 Group 2 . Group 3 Group 4

In the 1twest 25% average cost rankings there are: (34 members)

2/54=3.7% 6/16=37.5% 12/29=41.4% 14/36=38.9%
In the next Towest 25% (33 members):

12/54=22.2% 3/16=18.8% 9729=3].0% 9/36=25%

In the next Towest 25% (33 members):

14/54=25.9% 2/16=12.5% 6/29=20.7% 11/36=30.6%
In the highest 25% (35 memberé):

26/54=48.1% 5/16=31.25% 2/29=6.9% 2/36=5.6%
Tota];

100.0% 100.0% , 100.0% 100.0%

It is clear that a disproportionately higher number of
fishermen in groub one and group two would leave the fishery in resbpnse
to a Timited entry scheme such as a license fee measure, auctioning
device, etc. Therefore, it may be concluded that any management employing
a license fee would probably result in those leaving the fishery that had

. 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.
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Let us look at an example of how we can determine the
socio-economic 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 $.32 per
pound. >This would reduce tHe revenue per pound from $.80 to $.48 per
pound. Using our sample, 35 individuals would leave the lobster fishery
because they would not be able to make their opportunity cost (i.e.,
they coulc make more in other industries). This group would have the
following characteristics:

1st Group to Average Age Education Days Lobstering
- Leave - 39.8 11.06 106.1

Who would be the last to leave the lobster fishery. These individuals
(Towest 35 in sample) have the following characteristics:

Last to Leave Average Age ‘Education Days Lobstering
48.5 9.56 86.3

As anticipated, the socio-economic consequences of imposing a license

feé on gear, other forms of license fees or auctioning the right to fish

would be to cause the individuals with the following characteristics to
leave the fishery:

1. Younger lobstermen

2. More educated lobstermen

3. Lobstermen tending to spend more time in the fishery

This group (i.e., first to leave) is pretty much as expected; however,
it does indicate that Tobstermen spending more time in the fishery (than

fhe hard core group--106.1 days) would leave first.




Therefore, we have concluded fhe following concerning the
socio-economic impact of the various management schemes discussed above:

(1) License fee levels that would actually displace labor
(i.e., reduction in fishing effort) would have a minimum unemployment
impact since the group that would leave is rélatively mobile;

(2) License fee schemes would considerably reduce income
of theose 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 Labrador and Newfoundland
to the Carolinas with the greatest commercial concentration along the
Maine and Nova Scotian ¢oasts;

(2) The greater the concentration of hiding places the greatér
appears to be the concentration of the American lobster population;

(3) American lobsters are scavengers, and will eat any ggég_flesh
avai]ab]é but may supplement their diet with live mollusks, marine algae and

microscropic plants;




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

is non-migratory wherever rocky bottom provides adequate shelter and food;

(5) Counts made in Maine indicate that female lobsters produce from

' o2
6,000 - 40,000 or more eggs;

(6) The lobster is a comparatively slow groWing animal and is believed
to be long Tived;
(7) In Maine waters, the majority of the American lobsters reach
minimum legal size when they are 5-7 years old before most females reach maturitygz
(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 percemt for the
pre-recruit class of lobsters;
(11) The recognized killers of ]obster§ are: (a) predationbyv
fish, (b) cannibalism, (c) starvation, (d) disease, and (e) predation by
man. The most virulent disease is the bacterium Gaffkéemia.

(12) Of the heavy metals, copper causes the highest rate of mortality

amorig lobsters. More acutely toxic are many pesticides and some 0il fractions.
Population Dynamics

(1) Due to fishing intensity, nearly all of the available legal
population is being caught each year;
(2) The relation between catch and fishing effort reveals a maximum
§3ustainab]e yield from the Maine fishery is approximately 22.1 million
. hauled 130 times during the year.
pounds which require 642,000 pots The actual number of pots fished in

1971 was 1.2 million;

21 Taylor, Clyde C., A review of lobster rearing in Maine. Research Bulletin
#5, Dept. of Sea & Shore Fisheries, 1950.




2 Krouse, Jay S., Size at first sexual maturity for male and female lobsters
found along the Maine coast. Lobster Informational Leaflet #2, Dept. of Sea
and Shore Fisheries. December 1972. :




(3) Seawater temperature has a measurable influence (within

certain ranges) from year to year on the abundance of American lobsters;
(4) Using a dynamic pool model approach, present fishing
morta]ity is well in excess to harvest the maximum yield per recruit;
(5) It is quite apparent that the Maine American lobster resource
is becoming increasingly overcapitalized.

Consumer Demand for Lobsters

(1) Over the 1950-69 period, the rate of growth in per capita
consumption of all lobsters was approximately 2.4 percent per year. The
rapid growth in the consumption of lobsters produced a rise in the ex-
vessel priée 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 income produced an increase in per
capita lobster consumption of 1.7 percent. However, a 1 percent increase
in lobster prices (relates to other consumer prices) would only reduce
per capita consumption by .3 percent.

(3) Household consumption of lobsters constitutes about 40
percent of the total consumption and is mainly concentrated in New
England, 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 productiohr
Boat size, age and distance to the grounds also inf]uence'annua1
production.

(2) A 1967 sample of lobster boats indicated that average,
weekly earnings (after deduction for returns to investment in boats and
fraps) ob Tobstermen were $116.79 per week compared to $93.07 in

manufacturing industries in the state of Maine. In contrast to other

industries, the dispersion in weekly earnings rouged from a loss of $400

to a positive return of $700 per week for laboring efforts. s

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 Tobstermen was 42.6 years.

(3) Only about one-third of the sampled Tobstermen had received
any formal vocational training in other fields.

Management Schemes

(1) Given the problem of overcapitalization in the Maine
American Tobster fishery, it is becoming increasingly 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 existing level of fishing effort (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 Ticense 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)
problem with enforcement and (c) possibly a reduction in income for
those that have Tow 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 dis-
advantage is that the regulatory authority would not have revenues to
conduct scientific investigation or provide enforcement.

(4) On the basis of our socio-economic sample of lobster fish-
ermen, we conclude that the license fee 1eve1 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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Equation (1) represents the biological growth function in wiich
& .

the natural yield or net change 1n the biomass (k) is dependant
upoﬁ the size of the biomass, XS and the harvest rate, Kx.

- X Pef]éﬁts the influence of envircumental faétofs such as
available space or focd, which constrains the growth in the

biomass as the Tatter increases. The harvest rate or annual
catch, Kx, summarizes all grewth factors induced by fishing = .
activity. Equations (2) present the industry and firm production

function for which it is normally assumed that 2g
) 3 ax
and 3g g < 0. In other words, catch per vessel increases
a2 y
when the biomass increases and deciines when the number of

Eg]> 0

vessels increases. Equations (3) and (4) are the industry total
cost and total profit function, respeptively. Equation (5)-_

is a very important equation quce.jt indicates that vessels

will enter the industry when éxcess industrial profits are
greater than zero (1.e), grgater than that rate of return
necesséry to hold vessels in the fishery, or the opportﬁnity cost)
and will Teave the fishery when excess iﬁdustria] profits

are less than zero (i.e., below opportunity cost).

'3

: In some developing fisheries, it is possible that g, > 0.
For example, in the Japanese Pacific tuna fishery, inter- *

communication between vessels may increase the catch rate as
~more vessels enter the fishing grounds.

b




The ecu;]xDV1um condition, for the industr

formuiated as shown below:

p=_i
: g{ X,K)

Equation (6) me: eTy s+1pu1ates that ex-vesse

-
i
!

price is equal

to average cost per pound ‘ef fish landed (i.e., no excess prof s).
There are two important proper trcs of the systeﬁ outlined in

(1) w.(S}. First, the optimum size of the firm is given and

may be indéxed by #. Thus, thé firm is predefined as a bundle

of inputs.  Secondly, the Tongrun catch rate per vessel

.per unit of time is beyond the individual firm's contro1:5 1t is,

in effect, determined by stock or technologicaliexterna]ities.G
Finaily, we are assdming that'thé nurber of homcgeneoué veése]s
is a good proxy for fishing'éffbrt. Alternative]y, we may’emp1§y
fishing effort directly in.our system by determining the numbey
of units of fishing effort appliedito the’re50urce per vesse]j

This will be discussed below.

4 In other words, because we are dealing with a longrun
theory of the industry, we are assuming that variations in output
reou]p from the entry or exit of optimum sized homogeneous vessels.

% He have implicitly assumed that such shortrun changes:as
Tonger fishing scasons, etc., are all subsumed in a longrun .
context. Normally Tenger fishing seasons, for example, do not
change catch rates per unit of time fishad; nor do they change
costs per unit of time fished. They do, however, change the
effective Tevel of K. :

0 A technological externality exists when the input into .
the productive process of one firm affects the output of another firm.
In the context of fishing, an additional Tirm or vessel entering the
fishery will utilize the biomass (as ar input) and, as a result, in

the Tong run will reduce the level of utnuf for other vessels 1in
“the f]eeu. See D. A. Worcester, Jr. (19G9). o
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Tiving mering resource,
ec0hbmlc relotions, we may derive a
generd} model specified above.
abstracts from
and age-

biologi

on the economic side.

The dynamics of a fish stock nuy Lu

~growth function, (Lotka, 18563 Volterra,

X(t) = Lk o where L>0,C-0,k>0,
1+ Cetm“L "

“where L and k are assumed to be environrental constants.

-

Differentiating (7) and substituting we obtain,

2 2

- kX" = aX - b

where a = kL,

.. If (8) is set equal to zero, we may solve for the nonZero
steady state biomass, a/b (i.e., L). Alternatively, the Timit
of X(t) as t » « yields identical results. The maximum of
(8) occurs when X is equal to a/2b.  Thus

may dXx = az/éb
dt

)
.
(RS Lo S 208 &
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The introduction of fishing (i.c., narvest or K¢} is assumed

. -~ Al LI SR RN N cne e
to have no interactive effects, so that the instarianeouys oroyih

a

rate is veduced by the emount havvesied:

2 ..
S - Ky (1)

The economic component of the model reauires the exact
specification of an industiry prod&c:‘cn TLP”LIUJ end an
industry revenue re?at&onshi“ One hypothesis regarding the
fish catch is that the pronortion of the.ifnzw s caught is é
direct function of the number of vessels (or equiva]ént Tishing
éffort) exploiting a given ground.7 Thus, the total harvest
rate is given as, .

ke = kX . (.
where r is a technological parameter. Finally, the total
revenue functfonvfor thg indusfry may take the following form:’

-

pKx = (a - Kx)Kx (12)

Equation (12) mere]yvstipu1ates that the total revenue is a

quadratic function of total landings, Kx. Dividing through by

Alternatively, one could assume that the proportion of
the biomass caught declines as the number of vessels increases:

kx = [1 - (1-0)R]x , 0ctel
With this specification, t rcpre ents the proportion of the bvomaas
taken by each succeeding vessel of the remaining blomass This
form was first developed by E. Carlson (]9/0)
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Given these Tomwictions the ;wacﬁm in (:Q) -
reduced to two steady state Funciions.
all velevanc Biotechnolovical factors, is the ecoliogica
equation., It plois tha relationshiv between 1 )e bicmass
nuiber of vessels (or fishing effort) needed to harvest tho
such that thé bicmass is in equilibriwm. e can derive this

N s

equation by "t voequal to zero, substituting (17) int

and solving K in terms of X

K =

Similarly, the second equilibrium function plots the fe]ationship
between X and K under a zero profit state, i.e., under conditicns
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
v(]3), we obtain, |

& | (15) -
B X2 '

These two curves are plotted in figure 1. Their intersection

(X*,K*) denotes bioeconomic equitibrium. The direction of
the arrows describe the qualitative dynamic changes of a point

in phase space. Figure 1 represents the general case of expiof- -

8 Such comn]icating factors as per cepita incoim2 and its 11.]u-
ence on ex-vessel prices can be introduced later as changes in the
parameter, . :
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T us turn to a

-

‘application of the moded

American
AN EMPIRICAL CASE STUDY: THE U.S. IHSHORE Xe@FkERK LOCSTLR FISHERY
American
The U.S. inshore mowddhewn iebster fishery--principaliy located

_ _ - ' L
off the coast of Maine-~represents a {jood casc study for a num-

o - American . . . , .
baer of reasons. First, the nootkexr lobster is considered a hig

)
i

quality seafood item and is a popularly consumed species for

which demand has been increasing rapidly (Bell, 1971). Second,

because of intensive fishing ﬁ%essure the resource has shown sigins
Qf‘overexp]oitationﬁ§/ 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 bhasis
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g Preduction Funchion and the Supply of Northarn Lobsters

There are feur parameters on the supply side for which
initial estﬁ@ates’are-required: a, by ry, and %l
~three can be developed by combining statistical estimation and'
independently der{ved déta}: Assume that the bioﬁass is in-

stantaneously in equilibrium (i.e., dX . 0). Then, taking the

A at . ‘
inverse of (14) and substituting it for X in (11), we obtain:

Kx = cK-di? _ ’ (16)

where - ¢ ar, d = r?
- b

r,
b
and

x = c-dK L (17)

Equation_(]G) is the familiar pa}abolic yield function postu]atéd

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 of fishing-effor;; 'Similar1y,-the common |
property resource externality, as given in (17), is a functidn only
of the Tevel of K. Over a longer period of time the bésﬁc
assumption underlying equations (16) and (17) may reflect é valid

representation; i.e., effort or K is the only instrumental

10 An alternative approach suggested by Thomas (1970) 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 bioceconomic model at this time.

-2




affecting cutnui,

in oestimétes of ¢ on
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given. Hore specificaliy, suppose {hal
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rhe bicuass consistent with maxunum
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AT Since X° ds equal to a/Zb, it foiiows Thz

aramoters may be estimeted (designated by A )
, g A

(19)

(20)

)

Thus, (17) will be estimated subject to one modification
concerning the introduction of an environmental variable. Sev-
eral hiologists, including bow et al. (196f),‘have argued that a long-
term trend of declining seawater temperature is partially res—'
ponsible for the decline in'U.S. coastal catches.]T It will be
assumed in this study that seawater temperature (°F) affects the

2 term in the growth function so that,

g%’= a(°F) X-bx2, (21)

11

Higher seawater temperature can affect the natural
yield of lobsters by providing a climate in which ‘molting’ is

facilitated. A larger nwaber of molts will tend, ceferis pari

~

to increase the yield associated with any given levei of the bi
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dearens Fabranhaeit

Seaviataer temporature can
followi
where z
or‘a one-deg change in water tempera
Data on the number of “traps fishe r year for the entnr
inshore northoern lobster f e availabie Tor the ]950-7969
13

period (see appenéix). "Outpuu per trap was regressed aqa1n< the

; )
number of traps and seavater temperat ur&.j* The regression

12 Implicit in the way t}e ef.e t of eah icr EEPDGPELUP
is measured is the relationship: c¢ = ¢' + z(°F

13 Unfortunately, there is no precise measure of fishing effort,
for-the inshore lobster fishery. The traps fished series is not
adjusted foir days fished or extent of utilization. Dow (1961)
has used the traps fished series a@s a rough proxy vor fishing effort.

For any particular year, we may obtain equation (16)
if we know the number of traps used per vessel or T/K. Hence,
we may easily go from traps (i.e., fishing effort) to vessels
in which the model is specified. The relationship for 1956,
derived=on the basis of cost data obtained fren the Nationul Marine
Fisheries Service's Division of Financial Assistance (1969), was
562.8 traps per fu]] time equ1va:ent northern IObSuGP boat.




estimates yielded the following results:
x = -31.2094 - .00003%671 + 1.89392
(10.23) (4.63)

RZ = .82

D -W=1.023

where T = 562.8(K): d = 12.5468 ¢ = -31.2094 + 1.89392°F) + 562.8
In (23), T is equal to the number of traps fished per yéar and
t- ratios are 1in parentheseé.‘ Both T and OF are statistically
significant at the 5 percent level and exhibit the correct |

sign; the Dur in-Watson statistic indicates no significant

autocorrelation.

The only step required to obtain the biotechnological
parameters is an éstimate of fhe biomass (go) consistent with max-
imum sustainab]e yield. It has been calculated that
(assuming a temperature of 48°F) the fishable stock of
Maine inshore mondhemrs lobster consistent with maximum sustainable
vield is equal to 21.8 million pounds (U.S. Department of the

Interior, 1970).

Finally, on the basis of recent cost studiés,,we have

derived an estimate of » for 1966 eaqual to $12,070.]5

]SCost data from the National Marine Fisheries Service's
Division of Financial Assistance (1266) reveal the following
cost breakdown 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
Tatter figure was updated to 1969 by income increases in-Maine to
‘obtain $13,191.
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the empivical component of the study. The estimation pro-
cedure is ratiher 214t g ct.y the follawing

demand function fer all

C=F -MW(P'/CPI) + g{y/1) (24)
i |

. .’ .y . .
Where C is equal to consumption of all lobsters, P' is the moncy

ex-vessel price of northern Tobsters, Y is aggregate U.S.
income (1967 prices), W is U.S. population, and CPI is the
consumer price index. Since there are no exports of lobste

the following identity holds:

C=1+Q,-H
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It QO, I, Y, CPI and N are held cons?anﬁ, equation (26)
gives a unigue relationship between the ex-vessel price of
northern lobsters and quantity landed. ’

Using data over the 1950-1969 period (sce appendix),
the paramaters of equation (24) were eslimated using

least-squares:

C = -.0632 - .005029/ P* \+ .00051/.‘£>
&CPI KN

(2.06) ~ (5.38)

R2 = .816

D-W= .619

of the independent variables are significant at the
level. However, the Durbin-Hatson statistic indicates

strong possibility of positive autocorrelation. Nonetheless,
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‘QO + I o= 154f7nﬁ}1?0n pounds), we have,

S o -8
Po=q 72+ (.99383 x 10 )05, (28)

- Thus initial véTdes for q..125) and ﬁ (.99853 x,]OfS)ihave--7

been obtained.




. APPENDIX B
and environmental ———

Feconomic/variables associated with the ‘Maine American lobster fishery,
1897-1906, 192, and 1928-1972

© Lobster “Annual seawater Catch  Traps
catch Traps temperature at per per

by traps - fished Boothbay Harbor Fishermen Boats  trap boat
Million  Thousand  Degrees, F. Number Number  Pounds Number

pounds

P

23l
279
335
327
304
298
263
26l
25h
305
154
211
208
205
168
208
180
183"
185
185
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Lobster Annual seawater Catch Traps
catch Traps temperature at per per
by trans fished Boothbay Harbor Fishermen Boats trav boat
Million Thousand Degrees, F. Nunber Number  Pounds Nurber

pounds.

1956 20.6 533
1957  2h.h 565
1958 21.3 609
1959 22.3 L7
1960 24,0 745
1961 20.9 752
1962 22.1 . 167 N
1963 22.8 731 5,703 5,195

S 196L  21. 75k 5,787 553L9
1965 - 18.9 789 , 5,834 5,455
1966  19.9 776 5,688 5,330
1567 16.5 705 - 5,431 5,099
1968  20.5 733 ' . _ 5,527 5,195
1969  19.8 805 5,81 - 5,704
1970  18.2 1,166 ' . 6,316 6,290
1971 17.6 1,26 . 6,702 6,635
1972 16.3 1,247 2/ ) © 7,117

~-5,929 5,875
5,971 5,89,
6,016 55779
6,510 6,465
6:593 . 6:57)4 °
6,509 6,488
5,673 5,631
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i/ Bstimated from parbial recordse
- 2/ Preliminary Estimate :
; n

Source: Fishery Statistics of the United States and Robert Dowe




AGE OF MAINE LOBSTER FISHERMEN

§ ‘
#*Full-Time Lobster Fishermeg , **Part-Time Lobster Fishermen
1964 1968 1971 1964 1968 . 1971

Age No. % No. % No. 9% No. % No. % No. %

Under 22 37 62 228 12 468
15-19 119 89 89 283 15 575
20-24 133 - 191 45y
25-29 173 | : 1uy 496
30-34 182 15 142 407
35-39 217 ' 134 401

40-uy 228 ‘ 147 423

e
o
K=

[¢]

S

a

-l

x

(wp]

45-49 232 . 158 153 407
50-54 206 133 138 416
55-59 101 . 136 99 © 340
60-6U 133 138 82 111 90 292

Over 64 127 145 134 . 198 152 e

—— —— — — e ——— —

Totals 1963 1791 1399 1989 1901 5133

A
*Full-time fishermen are those who obtain their licenses prior to April 1
#%Part-time fishermen are those who obtain their licenses after May 22

The 1964 part-time fishermen sample represents 52% of the total part-time fishermen for that year.
The 1968 sample represents 51% of the total for that year.
The 1971 sample represents 100% of the total for that year.

The full-time fishermen for all three years are 100% samples.
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Economic and environmental variables associated’ N anadi
. ; “with the Canadian- :
lobster fishery,(Nev Foundland to New York), 1939-71. ane ]anTAY:eTcgnt N
: S ' ' : otal Catch -

. _ o Newfoundland
- Boothbay Harbor Total Traps’ to New York -
© Year . Temperature °C. in Thousands in Metric Tons

1939
1940
1941
1942
1943
194y
1945
1946
1947
1948
1949
1950 °
1951
11952
1953
1954
11955
1956
1957
1958 .
1959
1960
1961
1962
1963
196U
1965
1966
1967
1968
1969
1970
1971

2452 . .20,362
2186 28,345
1825 © 17,555
'1813 " 19,054
1794 - 21,403
1860 24,264
2103 28,468
. 2354 29,414
2504 26,968
2434 .. 27,113
2428 © 30,618
2483 32,843
2473 34,259
2520 732,852
2586 , 33,472
2926 33,201
2707 34,605

N1
3023 24,974

3073 33,417
3053 . 31,221 .
3292 33,232
3384 _ 35,932
- 33,105
. 33,1u3
32,448
31,136
29,553
28,411
25,8581
29,028

30,221
27.556

28,360
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#Estimated from incomplete récords










