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Growth, reproductive cycle, and movement of berried European
lobsters (Homarus gammarus) in a local stock off southwestern
Norway

Ann-Lisbeth Agnalt, Tore S. Kristiansen, and Knut E. Jorstad

Agnatt, A-L, Kristiansen T. S, and Jorstad K. E. 2007. Growth, reproductive cycle, and movement of berried kuropean lobsters (Homarus
gammarus) in a local stock off southwestern Norway. — ICES Journal of Marine Science, 64: 288 -297.

The Norwegian fishery for the European lobster (Homarus gammarus) collapsed between 1960 and 1980, to <10% of its pre-1960
level, and since then the spawning stock seems to be too low to generate good recruitment. In 1998, a project to evaluate the
feasibility and effect of protecting berried female lobsters as a management restriction was initiated. The study area selected was
previously an important fishing ground in Kvitsgy off southwestern Norway, and 125 000 hatchery-reared juveniles were released
between 1990 and 1994. From spring 1998 to spring 2000, a total of 942 wild and 480 cultured berried females was purchased from
fishers, individually tagged with a streamer-tag, and released. The proportion of berried females in the landings varied annually from
19 to 58% for wild females, and from 22 to 44% for cultured females. By spring 2000, 23% of the tagged females had been recaptured
at least once, and 3% twice or more. Average moult increment was 7 mm carapace length (CL), independent of pre-moult size in
both wild and cultured females. Reproduction (spawning) and growth (moulting) alternated in a 2 y cycle for >90% of the females.
A small number moulted and spawned a few weeks after hatching. More than 95% of the recaptures were taken within a radius of
1 km of the release area. Egg production varied considerably between seasons. Reproductive potential (RP) of landed berried females
underestimated egg production compared with what was actually produced (AE). For the entire period, RP was estimated to be
about 15.0 million eggs, and AE to be 17.2 million eggs. Cultured females contributed 27% of AE. To reduce the fishing mortality in a
heavily fished and depleted population is vital. A ban on landing berried females would be a valuable first step in attempting to

increase the spawning biomass.
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Introduction

The European lobster (Homarus gammarus) used to be an
important resource with great economic value to many coastal
communities in Norway. In good years, before the 1950s, landings
fluctuated between 500 and 1000 t annually. Norway was at that
time one of the main suppliers of lobsters to the European
market, accounting for 24% of total landings (Dow, 1980). From
1960—1980, landings declined dramatically to <10% of the
pre-1960 level (Figure 1). Stock size and recruitment has since
remained low (Tveite, 1991).

Because of low landings during the 1980s, the industry was
keen to investigate stock and fishery enhancement. The Tiedeman
company was the main force behind the establishment of a lobster
hatchery in mid-Norway in the early-1980s (Tveite and Grimsen,
1995), but the lack of legal ownership and recapture rights forced
this enterprise to abandon sea ranching. Then, in 1990, a research
programme was initiated, focusing on large-scale releases to
enhance or restock the much-reduced local lobster population.
From 1990 to 1994, some 128 000 micro-tagged juvenile lobsters
were released at Kvitsoy, a 6 km? archipelago in Rogaland County,

southwestern Norway (Agnalt et al., 1999, 2004). The region was
historically one of the main lobster fishing grounds, but suffered
from a decline in landings similar to that experienced by Norway
in general (Figure 1). Since 1992, commercial landings in the
release area were monitored for the presence of cultured survivors.
By the end of 1997, 7y after the first release, it was evident that
the landings had increased significantly as a consequence of the
releases (Agnalt et al., 1999).

The results of the stock-enhancement programme generated
discussions among fishers on management restrictions; there was
a general interest to protect and increase the spawning stock.
During an annual meeting between fishers, representatives from
the local municipality and from the Directorate of Fisheries, and
researchers from the Institute of Marine Research in February
1998, a ban on landing berried females was proposed. However,
because of national regulations, this could not be legally enforced,
so the Directorate of Fisheries funded a 3y cooperative project.
Berried females were bought from fishers during the commercial
fishing season, tagged, and released into the area where they had
been caught.
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Figure 1. Landings of European lobster (H. gammarus) in Norway expressed as the percentage of the average number landed in the period

1950-1955.

The objective of this work was to investigate the ban on
landing berried females in terms of growth, reproductive cycle,
egg production, and migration, for both wild and cultured female
lobsters off southwestern Norway. The findings are the first pub-
lished on a lobster population off western Norway, and they are
important in a stock assessment perspective as part of future man-
agement. Moreover, comparisons to assess whether cultured lob-
sters behave the same as wild lobsters are significant from a
stock-enhancement perspective.

Material and methods

Berried females were bought from fishers at the Kvitsoy islands
(Figure 2), the price being based on the market price in 1998 and
1999. However, by spring 2000 an agreement had been reached
with fishers to purchase them at half the market price, which had
more than doubled by that time. Minimum legal size in the area is
88 mm carapace length (CL), but berried females <88 mm were
also sampled, without payment to the fishers, to obtain as much
biological information as possible. The commercial fishing season
opens on 1 October and ends on 31 May, but because of low

Kvitsay archipelago 1

Norwegian Sea

Figure 2. The study site, Kvitsgy archipelago, located in
southwestern Norway.

winter temperatures (when lobsters are inactive), the fishery is
concentrated in autumn and spring and fishing activity generally
ceases from January to March. In autumn, >95% of the landings
are made during October and November, and in spring, >85% of
the harvest is landed in May.

Total length (TL), CL, carapace width, and abdominal width
were measured to the nearest millimetre, and body weight was
measured in grammes. The micro-tagged released cultured or
ranched females (i.e. hatchery-reared and released as juveniles)
were identified by a metal detector (Agnalt et al, 1999, 2004).
Berried females were tagged with an individually numbered strea-
mer tag (Hallprint Ltd) inserted on the ventral side through the
two ventral abdominal muscles (Figure 3). Tagging was done
during spring (May) and autumn (October and November), in
the commercial fishing season. Only hard-shelled lobsters were
tagged. After tagging, they were kept in a large holding facility in
the sea (15 x 45 m, depth 2—4 m) until the end of the fishing

Streamer tag with
individual number

Figure 3. A ventral view of a streamer-tagged ovigerous female
lobster.

20z Iudy 0z uo 1senb Aq 951.2812/882/2/79/I0e/swlse0l/woo dno-olwepese/:sdiy Wolj pepeojumoq



290

season, to preclude immediate recapture. A reward of 25
Norwegian kroner was offered for each recaptured stream-tagged
lobster. The release of berried females terminated after spring
2000, but monitoring of streamer-tagged female recaptures con-
tinued during the 2000 autumn fishery. Further, tagged berried
females were kept in the holding facility on two occasions for
about six months, to check for tag loss.

Growth measured as moult increment was defined as size (CL)
at recapture minus the size at tagging or, for multiple recaptures,
the size at previous recapture. The frequency distribution of
moult increments was used to define measurement error and
moulting. Moulting, i.e. growth, mating, and spawning, takes
place between June and August or September. Recaptures from
one autumn were pooled with recaptures from the following
spring to obtain information from the same reproductive/growth
period.

At recapture, most fishers recorded the geographical position
as general locations, such as small islands or bays, so it was not
possible to obtain the exact distance travelled by each recovered
lobster. To overcome this problem, the Kvitsgy area was divided
into small zones, according to the method described by Rowe
(2001), i.e. the midpoint of a zone became the geographical
position. The size of the zones typically ranged from 100 to 200 m
in extension. Distance travelled was considered to be the distance
from the midpoint of the release zone to the midpoint of the
recovery zone. Hence, any movement within a zone could not be
investigated.

The benefit of saving berried females in the fishery is the added
production of eggs and larvae. The potential egg production of
the landed berried females was modelled for each fishing season
for the captured wild and cultured lobsters, using the commonly
applied methods for calculating reproductive potential (RP), as
described by Hobday and Ryan (1997) and Tully et al. (2001). The
calculation covers the size interval from the smallest (min) to the
largest (max) berried female by size

CL=max

RP = Z(NCL x Py % Fer).

CL=min

Here, N is the number of females in the landings in each size
interval, i.e. those that have the potential to produce eggs, and Pcy,
is the proportion of berried females in each size interval. A logistic
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function was fitted to the relationship between CL and the pro-
portion of berried females: Pcp = 0.34/[1 + exp(a+ b x CL)],
where a = 27.3 and b = —0.34 (n = 10 600). Data were obtained
from the autumn commercial landings between 1991 and 2001
(A-LA, unpublished data). As on average 34% of the large lobsters
were berried, the logistic curve was adjusted accordingly. At this
point, no distinction was made between wild and cultured
females. Fy is the fecundity; the relationship was estimated from
berried females collected at Kvitsoy (A-LA, unpublished data):
Fep = 0.0045CL>*2'; 5 = 215, r* = 0.852.

The RP was compared with the actual egg production (AE)
estimated for each spring fishing season from 1998 to 2000,
because all berried females were purchased from fishers. The AE is
simply expressed as

CL=max

AE = Z(BCL X FCL),

CL=min

where Bcp is the number of berried females landed in each size
interval. Females tagged in autumn and recaptured the following
spring were not counted more than once, i.e. they were not
included in the spring data.

Results

In all, 1204 berried females were tagged and released at Kvitsoy
(Table 1), and the sizes ranged from 75 to 158 mm CL. Of these,
about 34% were of cultured origin. Wild females tended to be
larger than cultured females, because the cultured lobsters were
not yet >135 mm CL. The proportion of berried females in the
different fishing seasons varied considerably, between 19 and 58%
for wild lobsters, and between 22 and 44% for cultured lobsters. A
total of 312 female lobsters was recaptured at least once during the
3 y monitoring period, corresponding to an overall recapture rate
of 23% (Table 2). Of these, 51 were recaptured twice, and 8 three
times. Fewer cultured females were recaptured than wild females,
20 and 25% respectively (all data combined). Recapture rates
varied between different release groups, females tagged and
released in autumn 1998 yielding many recaptures, and females
tagged and released in spring 1999 yielding few. A confounding
factor is that the releases were not made as replicates. Some
releases were made at sites with heavy fishing pressure, and others

Table 1. Summary statistics of berried females captured at Kvitsgy from May 1998 to May 2000, separated into wild and cultured lobsters.

Year Season Wild or cultured % ovigerous n

Minimum CL Maximum CL Number tagged

1998 Spring wild 39.0 221

The percentage of ovigerous females sampled, tagged, and released are given. The number of animals tagged is less than sampled because some died and
some cultured lobsters were used for analysis in other studies (Agnalt et al, 1999).
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Table 2. Summary of recaptured females from spring 1998 to autumn 2000, separated into wild and cultured lobsters.

Tagging season Single recaptures

% recaptured

Multiple recaptures Total recaptures

wild Cultured wild

Cultured Two Three

1998 spring 67 5 303

with less fishing pressure, so making a direct comparison of recap-
ture rates difficult.

Streamer-tag loss after about 6 months in the holding facility
was 3% for the two experiments (Table 3). Tagging mortality was
not a factor in any of the experiments.

Growth

The frequency distribution of growth increments was used to
define measurement error and to estimate average moult incre-
ment (Figure 4). The variability around zero indicates the
measurement error of recaptured lobsters that had not moulted.
Despite fewer observations for cultured lobsters, the pattern is
identical for wild and cultured females. Growth increments of
2 mm or less were considered as measurement errors rather than
growth (Conan and Gundersen, 1979; Tremblay and Eagles,
1997). Using recapture data in which time at large only included
one growth season, females on average increased by 7.1 mm at
each moult, independent of pre-moult size (s.d. = 1.8; n = 198;
Figure 5). No significant differences in mean CL moult increment
could be found between cultured and wild females (t-test;
p > 04).

Reproductive cycle

In general, females had a 2y cycle, spawning in early autumn
(becoming berried) of 1 year, hatching the eggs the following
summer, and then moulting (and probably mating) in late
summer or early autumn (Table 4). After moulting, females were
unberried for about a year until spawning again the next autumn.
This process was also observed on an individual level. As much as
7-8% were berried in two consecutive years and, of these, almost
half had also moulted. All but 11 of the recaptured females were
<120 mm CL at release. Of the 11 females >120 mm CL at
release, three (27%) were berried in two consecutive years, and
one had even moulted. The remaining 9 females all followed the
2 y reproductive cycle.

Movement

Recaptures of 116 females with information on recapture site
showed that as many as 40% had not moved out of their release
zone (Table 5). In total, 84% remained within 500 m of the release

zone, and there were no differences in movement between wild
and cultured females. Only a few lobsters moved more than
1000 m. There was a tendency for females to move farther with
longer time at large, but movement seemed to stabilize between
1-2 yat large.

Potential egg production of landed females

The number of eggs that would have been saved by a ban on
catching berried females varied considerably among seasons,
because of the annual and seasonal variation in numbers landed,
in the size distribution of landed females, and in the annual vari-
ations in the ratio of females berried (Table 1, Figure 6). The
largest estimate of egg production (RP) was 4.5 million eggs
potentially saved in autumn 1999, of which 48% were from cul-
tured females (Table 6). The lowest estimate of RP was in spring
2000, with only 1.4 million eggs being saved, a reduction of 70%.
Actual egg production was generally higher than estimated RP for
wild lobsters, with the exception of autumn 1999, when the
number of berried females was extremely low compared with the
average maturation ogive used in the model to estimate RP. There
were small differences between AE and RP for cultured lobsters,
except in spring 1999, when the ratio of berried females was very
low for cultured females too. Total RP for the entire study period
underestimated egg production by about 2.2 million eggs com-
pared with actual egg production. Whereas, cultured lobsters con-
tributed 37% of the total RP, they generated just 26% of actual egg
production for the entire period. Maximum egg production is
generally by lobsters above the mean sizes targeted by the fishery
(Figure 6). Wild females below the minimum legal size (MLS) of
88 mm CL contributed just 3—8% of the RP. If the MLS were to
be increased to 100 mm CL, 32—54% of RP would potentially be
saved. Additionally, most of these lobsters would contribute to
future spawning. It is important to emphasize that MLS is an
important management measure when spawning biomass is well
above a critical level.

Discussion

All female lobsters, independent of their pre-moult size and
whether they were wild- or hatchery-reared, increased by an
average of 7 mm CL at each moult. Similar growth increments

Table 3. Estimation of streamer-tag loss for berried female lobster (H. gammarus) held in a holding facility/lobster pound for about 6

months.

Season Number recaptured with tag Number recaptured having lost tag % tag loss
First 174 5 2.8
Second 291 9 3.0
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Wild lobster lack of a relationship between growth increment and pre-moult

50 7 First moult size has also been documented for female American lobsters

_é 404 Nogrowth M / (H. americanus) by Ennis (1972), Tremblay and Eagles (1997),

g and Comeau and Savoie (2001). However, it may vary among
g 30 A \ populations.

§ 20 1 Second Hoult The pattern of a 2y reproductive cycle (berried, moult, then

5 l berried again) is described here for European lobsters off south-

s 107 western Norway. A 2 y reproductive cycle has also been documen-

Z o e e e ted for American lobsters off Newfoundland (Ennis, 1980, 1984),

86420246 8101214161820 22 24 26 %n the southern Gulf of St Lawrence (Comea.u and Savoie, 29023),

in the Bay of Fundy (Campbell, 1983), and in females kept in the

laboratory for 13y (Waddy and Aiken, 1986). However, a devi-

P 30 1 ation from this general pattern was reported by Latrouite et al.

£ 257 (1981) for a lobster stock in the Bay of Biscay off France, where as

: 20 many as half the mature females spawn each year. Only 7-8% of

% 15 - the females found in this study were berried in two consecutive

5 years, but about half of these had also moulted (so called “super-

s 10 7 females”). In the American lobster, Campbell (1983) and Comeau

E 57 and Savoie (2002a) stated that up to 20% could spawn in succes-

I sive years, and Comeau and Savoie (2002a) also reported some

8 6 -4-20 2 4 6 8% 101214 16 182022 24 26 “super-females”. Those authors hypothesized that consecutive
spawning without moulting mainly occurs in first-time spawners,
contradicting the findings of Waddy and Aiken (1986), who
suggested that the biennial spawning strategy changed in females
>120 mm CL. We found that, of our 11 females >120 mm CL,
Figure 4. Frequency of growth increments in CL (i.e. difference only three were berried in two consecutive years (one also
between prempult and post-moult size). Increments of 2 mm and moulted), whereas the remaining females all followed the 2y
less were considered to be measurement error. .
reproductive cycle (73%).

A biennial reproductive cycle implies that the proportion of
have been found off southern Norway by Dannevig (1936), off  berried females observed should approximate 50%. This was not
Ireland by Gibson (1958), and off England by Thomas (1958),  the case in this study, and indicates a lower catchability of berried
Simpson (1961), Hepper (1967), and Bennett et al. (1978). The  females than non-berried. Branford (1979), Krouse (1989), Miller

Growth increment in CL (mm)
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Figure 5. Mean size increment in CL (mm) after one moulting period for female lobsters; cultured females, open triangles (dotted = 1 s.d.)
and wild females, crosses (solid line = 1 s.d.). Data represent only recaptures of lobster that had definitely moulted, and the period between
release and recapture represented only one growth season.
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Table 4. Percentage of recaptured lobsters that moulted (M) and/
or became ovigerous (O) during growth seasons between summer
1998 and summer 2000.

Release period

Autumn 1998 Autumn 1999
and Spring 1999 and Spring
2000
%M %0 n %M %0 n %M %O n
Summer 1998 878 82 49

Growth season Spring 1998

Summer 2000 1000 333 3 0 1000 19 970 76 66

Summer 1998 contains recaptures from autumn 1998 and spring 1999.
Summer 1999 contains recaptures from autumn 1999 and spring 2000, to
represent the similar reproductive season. Data include lobsters for which
“time at large” means one growth season only. n is the total number of
observations.

Table 5. Movement (%) of wild and cultured female lobsters
tagged in Kvitsgy between 1998 and 2000.

Distance All recaptures Time at large (both wild and
cultured)

Wild Cultured <%y %-1y 1-2y 2-3y
No movement 45 31 48 24 33 33
g e PP e e
00T o0 o L o o o
o Sy 5 o
Lo recaptu e e e Sy S

(1990), and Tremblay and Smith (2001) showed temporal changes
in catchability related to sex, size, reproductive status, and season.
Therefore, it is important to be aware of these factors with respect
to the population studied, and the conclusions drawn.

We found that 84% of the berried females remained within
500 m of the release site. Previous studies on H. gammarus have
also shown that most animals move distances <10 km (Appelof,
1909; Dannevig, 1936; Simpson, 1961; Bannister et al., 1994).
European lobsters have in some cases moved up to 15 km from a
release site, although this distance was documented in relation to
the potential use of artificial reefs for stock-enhancement (Jensen
et al., 1994). It must be emphasized that in all of these studies, the
possibility of homing has not been considered, especially when
the release site differed from the catch site. Long-distance
migration and homing is known in some species of spiny lobster
(Herrnkind, 1980; Boles and Lohmann, 2003). Little movement
has also been reported for coastal stocks of American lobster
(Pezzack, 1987; Comeau et al., 1998; Tremblay et al., 1998; Rowe,
2001; Comeau and Savoie, 2002b), but long-distance migration
has been documented for some stocks (Campbell et al., 1984;
Campbell and Stasko, 1985; Campbell, 1986). Pezzack and
Duggan (1986) found some evidence of homing or return
migration in relation to reproduction by an offshore stock.
Therefore, when studying movement/migration, it is important
to ensure that the recapture site and the release site are the same,
to avoid homing effects.

In many mark-recapture studies, the tagging method as well as
the type of tag used differed. Little is known of the effects on,
for instance, growth, reproduction, and behaviour in general,

although much work has focused on mortality rates (for fish,
McFarlane et al., 1990; for crustaceans, Cooper, 1970). Fogarty
(1995) said that estimates of moulting probability and of the pro-
portion moulting can be biased for tag loss or mortality associated
with moulting. In this study, there was no mortality in the holding
facility, and an estimate of streamer-tag loss of 3% is considerably
less than that reported by Rowe and Haedrich (2001), but corre-
sponds with that of lobsters tagged in post-moult condition in the
southwestern Gulf of St Lawrence (Comeau and Mallet, 2003).

In this study, the tag was inserted on the ventral side of each
lobster, and the needle and the tag passed through the two ventral
muscles (Figure 3), whereas all the other studies used the tagging
method described by Moriyasu et al. (1995), i.e. from the dorsal
side through the dorsal muscle, diagonal to the ventral side and its
corresponding muscle. The streamer tag then becomes visible
both dorsally and ventrally, and visibility on the dorsal side might
have attracted potential predators. Rowe and Haedrich (2001)
suspected that cunner (Tautogolabrus adspersus) had removed
some of the tags, their supposition being based on recovery of
stretched and partly damaged tags, some even with small holes
and teeth marks. We also found damaged streamer tags (with
stretched and damaged ends) that could be attributed to inter-
specific interaction.

Models estimating egg production per recruit have been
recommended and applied as management targets or reference
points in American and European lobsters (Campbell and
Robinson, 1983; Campbell, 1985; Campbell and Pezzack, 1986;
Daniel et al., 1989; Hobday and Ryan, 1997; Tully, 2001; Smith
and Addison, 2003; Caddy, 2004; Fogarty and Gendron, 2004).
We were able to compare estimates from a theoretical model (RP)
with actual values (AE). In general, RP underestimated egg pro-
duction by about 2.2 million eggs over the entire period. The RP
model used a sigmoid maturation ogive with an asymptotic value
of 0.34, based on an average over 11y. However, for the period
reported in this paper, i.e. from spring 1998 to 2000, the number
of berried females was higher than average, probably caused by
the warm summer and autumn of 1997 (Aure, 1997). However,
both models showed a decreasing trend in egg production
through time. There were considerable variations between the
seasons in how many females are berried and hence producing
eggs. In a lobster population off the southeast coast of
Newfoundland, Ennis (1991) found similar results and showed
that egg production varied from 7 to 86 million eggs over a period
of 11y. He attributed some of the difference to a variation in the
percentage of berried females, which itself is related to moulting
frequency. The annual variation demonstrates how indispensable
time is as a factor for protecting berried females so that they may
enhance long-term production. Such variability is very important
to communicate to managers, to preclude them making hasty
decisions when considering the effects of new regulations.

A ban on landing berried H. gammarus has been part of the
fishery restrictions in the UK since 1951, but it was lifted in 1966
owing to enforcement difficulties and the lack of any documented
positive effect (Bennett and Edwards, 1981). Also, the USA and
Canada protect berried female American lobsters (H. americanus),
and implement v-notching, i.e. marking the uropods of female
lobsters (Miller, 1995). Daniel et al. (1989) showed that v-notched
female American lobsters produced about nine times more eggs
than un-notched lobsters. Tully (2001) evaluated a voluntarily
v-notch programme in southeast Ireland, and showed that the
annual RP from protected females was 26 million eggs. After 6y,
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Figure 6. Estimated cumulative RP and AE for each fishing season for wild and cultured lobster combined with the length frequency
distribution (females and males) in the landings.

202 1dy 0z uo 1sanb Aq 9G12812/882/2/9/910IMe/swlsal/w0d dno olwapese//:sd)y Wolj papeojumod



Growth, reproductive cycle, and movement of berried European lobsters off SW Norway 295

Table 6. Total estimated relative RP and AE for wild and cultured
female lobsters.

Season wild
RP
2 745.4

Cultured

Spring 1998 |

Total 100131

12 697.0 59119 4499.0

these females contributed 59% of the total RP. The objective of
protecting berried or mature females is that total egg production
will increase for that population in that area. This might result in
better recruitment, especially during years with favourable
environmental conditions.

The consequence of a ban on landing berried females would
be that females are protected from the fishery every second year,
i.e. if we assume a 2y spawning cycle. This means that fishing
mortality on females would be reduced by half. However, as
indicated above, the catchability of berried females seems to be
less than that of unberried females, which means that the
beneficial effects of a reduction in fishing mortality also will
be less. If a ban should produce any effect on recruitment, the
population size must be recruitment-limited, i.e. too few recruits
being produced, and the main cause of mortality must be fishing.
Additionally, local recruitment must originate from the areas
where the ban on berried females is enforced. Poor recruitment is
obviously the situation for the Norwegian stock, and the most
probable reason is the huge decrease in spawning biomass. It is
not known whether local recruitment originates from local areas
or from more distant areas. The relatively high but variable
recapture rates indicate relatively high, but area-dependent,
fishing mortality. A ban should produce an immediate effect on
the numbers of larvae hatched. The accumulated effect of
several spawnings (long term) of the same individuals will be even
more important, especially when fishing mortality is kept low.
To increase the spawning stock quickly, zero fishing is
obviously the best choice. Second choice would be to ban landing
females, irrespective of whether or not they were berried. A total
ban will of course reduce the landings to zero, whereas a
prohibition on landing berried females will keep the landings at
the same level because the lobsters will be larger when they are
eventually captured. However, the spawning-stock biomass,
potential egg production, and recruitment will increase at a slower
rate.

The current MLS in western Norway of 88 mm CL ensures that
virtually all females are mature. However, the contribution to egg
production from small females (<88 mm) is less than 8%.
Maximum egg production is by lobsters above the mean sizes
targeted by the fishery, so making the current MLS less adequate
as a conservation measure in terms of the reproductive potential.
Increasing the MLS to 100 mm CL would save as much as
30-50% of the landed eggs for the forthcoming hatching
season. In addition, many of those lobsters will contribute to egg
production in future. The contribution from previously
hatchery-reared and released lobsters is significant and during the
studied period accounted for 26% of total egg production.

In summary, this project has shown that a ban on landing
berried females is feasible to implement. The fishers believe in it
and even suggested reducing their own income to help to over-
come the financial limitations of the project. We are confident
that such a management restriction would be welcomed by most
Norwegian fishers. Although a beneficial effect on stock size has
yet to be proven, there is no doubt that RP would increase sub-
stantially with such a restriction.
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