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Summary

(1) The temporal variabil:} io che abundaace of juvenile fish throughout
the range of cod, haddock and herring was examined for 53 po%ulations in
the North Atlantic. The hypothesis that that the temporal variability in the
numbers of juveniles was greater in populationa at the northern and southern
limits of the species range than in the centre was tested. _

o Tl susuils obtained by compiniig eah of the fndeeudenl wielyd
provides strong evidence that juvenile fish abundance was more variable at
the northern and southern linuts of a species range.

INTRODUCTION

The detection and understanding of patterns of variability in population
abundance is a central problem 1n population ecology. If populations at
the edge of ranges are more susceptible to density-independent factors than
those at the centre, as has been suggested (Huflaker and Messenger 1984,
Richards and Southwood 1968, Coulson and Whittaker 1978}, then the rel-
atjve va.ria.bilitﬁ in population density should be greater at the edge of a
species range than at the centre (Gaston 1990). Several studies have failed
to show any large differences between the importance of density-independent
factors among populations {Grant & Antonovics 1978; Gilbert 1980; Hassell,
Southwood & Reader, 1987). However, these studies cannot be considered
definitive because they examined a relatively small number of populations,
sometimes over a relatively short time scale, e.g. Gilbert (1980)

Here [ examine population variability in 53 populations of three marine
fish species, cod {Gadus merhua), haddock (Melanogrammus aeglefinus), and .
herring (Clupea harengus), throughout their range to test if population vari-
ability is greater at the ecigm of the range than in the centre. The analysis
is carried out separately for each species on each side of the Atlantic. JI{‘he
results of the six categories are combined to test the common hypothesis
(Fisher 1953).

By examining a large number of populations the effect of the range should
become clear. lgurthermore, density-independent factors are ysually more
imporiant than density-dependent factors in determining the abundance of
juvenile marine fish {Myers and Drinkwater 1989); thus, marine fish should

e an excellent group to teat this hypothesis. The three species are commer-
cially exploited throughout their range. Thus, variations in the size of the
adult population cannot be used to test the hypothesis because variations in
fishing mortality would mask natural variability. Population variability can
be accurately assessed because there are long time records for these popu-
lations. The temporal variability of populations in terms of the abundance
of young fish {age 1 to 3) is examined. The term “recruitment” is usually
used in the fisheries literature to denote the number of juvenile of fish of the
youngest age that can be assessed.

1. DATA

The population boundaries generally follow thase of iLe ivorthwest At-
lantic Fisheries Organization (NAFO), formerly ICNAF, or the International
Council for the Exploration of the Sea (ICES). They are given in Figure 1.
We sometimes refer to the region by an alternative name, e.g. the North Sea,
if it commonly applies to the population ir practice.

1ne data wseu ders (Tabie 1) 1s available in Myers et al. (1990) with




._2_

the exception of herring data from Georges Bank {NAFO Div. 5Ze, An-
thony and Waring 1980) the Gulf of (NAFQ Div. 5Y, Mike Fogarty, pers.
comm., National Marine Fisheries Service, Woods Hole, Mass. USA), the
Thames estuary {Woods 1981), and the Celtic sea (Heath and Richardson
1989). Abundance of juvenile fish was estimated either from random strat-
ified field sampling or by sequential population analysis (SPA). The latter
includes such techniques as virtual population analysis (Gulland 1965), co-
hort analysis (Pope 1972}, and related methods which reconstruct population
size from fishery catch data which has been sampled to determine the age
composition. Indices of abundance of juvenile fish from field sampling were
calculated using more than one age. An index for 2 given population was
constructed by avera.gin% two or more ages of the same cohort after the data
had been standardized by subtracting the mean and dividing by the stan-
dard deviation, calculated over some common time period. The common
Idmiwl was then added to the standardized series. See Myers et al. (1990) for
etails,

Abundance data were comnpiled directly from analysis conducted by the
National Marine Fisheries Service (USA) laboratory at Woods Hole, the
Canadian Atlantic Fisheries Scientific Advisory Committee (CAFSAC), the
Northwest Atlantic Fisheries Organization (NAFQY), the International Coun-
cil for the Exploration of the Seas (ICES), and the Marine Research Institute,

](figlga&:l)d The documents used to obtain the data are given in Myers et al.

The 53 populations studied are thought to be separate populations that
are largely reproductively isolated, or consist of several subpapulations whose
population ranges mutually overlap because of feeding migrations. In partic-
ular, herring from the Norik Sea, the Gulf of St. iawrence {(NAFO Div.
4TVa), and cod from northern Newfoundland (NAFO Div. 2J3KL) are
thought to have several discrete spawning sites within each of the “popu-
lations” area. The separation of the populations has been extensively in-
vestigated by a variety of methods, e.g. tagging and genetic analysis. The
populations that are given here prof)a.b?y tepresent distinct populations with
the exceptions noted above,

Problems with sampling at the proper spatial scale that have piagued
previous work (McArdle et a. 1990} were eliminated here because the whole

opulation was sampled using a random stratified design or the population
Eistory was reconstructed using commercial catch at age data.

The latitude of the spawning location for each population was assumed

to determine the the limits of the range of nach species. The analysis was
erformed separately on each side of the Atlantic because of the very dif-.
erent oceanographic regimes on both sides of the Atlantic. Sources for the
spawning locations for the western Atlantic populations are described in My-
ers and Drinkwater (1989). The spawning locations for the Eastern Atlantic
populatiaus were abtained from Anon (1681}, Prpulztinny within the Raltie
were pot included in the analysis because of poor data and difficulties in
interpreting whether the Baltic populations were at the edge of the species
range.

2. METHODS

Estimates of the variability of marine populations is usually greater if
longer records are used because the spectrum of population size iz “red”
(Steele 1985, Pimm and Redfern 1988, Myers et al. 1990%, To minimize this
problem we detrended the data. Most series are around 20 years in length.

The temporal variability in abundance of juvenile fish was calculated
as the standard deviation of the detrended logarithmically (base 10} traas-
formed data. That is, a linear regression of the logarithmically transformed
abundance data against year was calculated; the standard deviation of the
residuals were used as the estimate of variability. This standard deviation
will be denoted by s. The standard deviation of the logarithmic transformed
population abundance is a reliable measure of population variability, unless
density is small, which is not the case for any of the populations st.mﬁed here
(McArdle et al. 1990). The use of a detrended time series removes much of
vzriia.tion in abundance of juvenile fish caused by the biomass of spawning
adults,

The hypothesis of greater variability at the edge of the range was tested by
determining the significacce of the quadralic terngin o quadratic regression of
the standard deviation of the log-detrended abundance of juvenile fish versus
the latitude of the spawning location for each population. The hypothesis
was tested using the quadratic regreasion s = fy+ AL+ 5,47, The hypathesis
Bz > 0 was tested.

As a test of the robustpess of our conclusions, a nonparametric rank test
was used. The absolute difference in latitude for each population from the
median latitude for that species and side of the Atlantic was calculated.
Then a Kendall's rank correlation, 7, with this absolute difference and the s
was calculated. I tested the hypothesis that the sign of this correlation was
positive, i.e. v > 0.




A further test was performed to make sure the observed pattern was not
an artifact of the association of estimates of a population’s variability with
the number of years, n, used to estimate the va.ria%ility {Pimm and Redfern
1988). The regression equation was 5 = Sy + Sin + f2L + FL? and the
hypothesis tested was 85 > 0.

he analyges is applied separately for each species using data separatel
from each side of the Atlantic. Although the significance levels For eac
regression and rank correlation analysis are given, we are more concerned
with the general hypothesis and thus have combined probabilities from each
test of significance Ei;her, 1954, 21.1). Fisher’s method is based upon the
fact that the logarithm of the probability of a significance test is distributed
as —1 x?, , and the reproductive properties of the y? distbutien. This allows
ine results of onc sided significencs tests b5 be wanbiued, and the results

tested using a x? distribution.
3. RESULTS

Abundaxnce of juvenile fish appears i be more variable at the edges of the
range for cod and haddock from both sides of the Atlantic, and for herrin
from the eastern Atlantic (Fig. 2). When the significance tests are combine
(Table 2) the overall resuits provide strong evidence for the hypothesis that
the populations on the Northern and Southern ends of their range are maore
va.ria.bf:t.

The clearest support for the hypothesis comes for haddock for the North-
western Atlantic. The high variability in abundance of juvenile fish for the
northern population, 3Ps and 3NO, were confirmed by two independent field
surveys [ Myers et al. 1990). Similarly the population at the southern limit
of the range, 5Z, shows a high degree of variability in sequential popula-
tion analysis based upon commercial catch data and random stratified field
sampling.

DISCUSSION

The question of whether the variability of juvenile abundance ia greater at
the northern and southern limits of their range can be Lentatatively answered,
at least for three species. The analysis here suggests strongly that they are;
many other factors are probably important as well.

There are few terrestrial studies available for comparison because of the
difficulty of moaitoring population abundance throughout a species range
over a large number of years. Baltensweiler {1968} found that outbreaks of
Larch tortrix moth was more intense at the higher latitude limits of its range
in the Alps. There are exceptions to the general trend. Cogd from NA
Div. 2J3KL bad very low variability. The “population” actually consiste of
several subpopulations which are managed as one, Thus, the relatively low
variability in abundance of juvenile fish for this population may be the result
of averaging of several populations.

Herring from the wesiern Atlaatic did nol appear more variable at the
southern limit of their range. However, this may gc an artifact. The Georges
Bank (NAFQ Div. 5Z) herring population, which is at the southern limit
of the range became commercially extinct after the last data used in this
analysis. The herring estimnates are derived population reconstructions based
upon commercial catch at age data. Hf the commercial fishery disappeared

* because of very poor survival of juvenile fish to the extenat thas il commercial

fishery disappeared, then the estimate of variability of abundance of juvenile
fish for thia region may be negatively biased. Thus, it is possible that Georges
Bank herring may in fact be much more vatiable than estimated here, and
herring from the western Atlantic may conform to the general trend.

Aue thaie alternative explanations for 1he ohwer vabins? One noasihility
1 Lliui Lhe error tn estimatiug abundance of juvenile fish could be greater
in populations at the margins of a species range; this would increase the
apparent variability. This is not likely to be a general explanation. In some
cases, e.f. ha.ddoclf from the western Atlantic, the differences in variability
is much greater than can be explained by simple measurement error. More-
over, the estimated a for two of these populations, 3Ps and 3NO haddock,
was very similar during two differnt survey periods and methods (Myers et
al. 1990} It may be that some of the small marginal populations, e.g.
Thames estuary herring, may not be adequately assessed a,ng may contaln
relatively high measurement error. It is pe?ha.ps more likely that the variabil-
ity in marginal populations arc underestimated because they are more likely
to become commercially extinct, and thus the variability will be underesti-
mated, e.g. Georges Bank S:)Z} herring. Similerly, the herring population
in the English channel, which is at the southern edge of the range, appears
to present in commercial quanties in some years and not in others. I? this
E:ttern is general, then the variability at the margins of a species range may

underestimated here.



The results for any one of the above analyses are not strongly convincing.
However, when the significance tests are combined (Table 2 tge overall re-
sulta provide strong evidence for the hypothesis. The resuit does not depend
upon the inclusion of any one population, and appears to be robust and not
dependent on the methods used 1n the analysis.
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Table 1. Data on recruitment variability, aa measured by the standard de-
viation of detrended log. transformed recruitment, Populations are designated
NAFO boundaries, ICES boundaries or common pames for the sema. Laea-
tions of the Newfoundland (Nfid) herring stocks can be found in Winters and
Wheeler (1087). Herring populations that coexist within the same region are
distinguished by the season they spawn.

Population 5.D. of Latitude of Number of
Recruitment spawning (°N)  Years
Haddock, west Atlantic

5Z NEY 41 29
5Y 108 43.5 25
41X .338 43 25
4TVYW 32 44 39
3Ps B9 45 23
INT 87 44.5 25
Haddgoci, enst Atlantic
North Sen A5S 60 o7
Via 459 a9 19
Faroe 352 62 23
Tecland 239 ik} 25
North-east Arctic 526 [iF] 26
Cod, west Atlantic
57 433 41 24
5Y 384 43.5 24
X 185 43 40
4VeW 194 44 28
4TVn 208 46.2 ar
3P .148 46 29
INO .22 435 29
3PoRS .83 48 13
M . .50g 47 27
2I3KL 218 50 o7
1 464 63 34
Cod, east Atlantic
YIld 268 30.5 13
Celtic Sea 269 51 15
Irish Sea 216 M 14
North Sea .245 55 26
Kattegat 156 57 15
Skagerrak .158 58 9
Via 156 58.5 19
Faroes 183 62 23
Teeland 139 B3 32
North-east Arctic 312 65 27
Herring, weat Atlantic
5Z 266 42 17
5Y 250 43 22
4WX 342 44 21
4T (spring) 333 46.5 22
4T (fall) 304 48.5 18
4R (spring} 482 50 21
4R {fall) 405 50 21
Nfid I 436 47 14
Nfid GH 506 47 14
Nf8d EF .506 49 14
Nfid CD 523 49.56 14
Nfild AB 425 50 14
Herring, east Atlantic
Thames Eatuary 436 51.5 14
Celtic Sea 299 52 16
sVIa¥YIl 151 55 15
Mzrth Irick Sap 110 54 2
Nourup hea G B 41
nVia 292 58 18
Iceland (spring) 657 63 23
Iceland (summer) 380 63 10

Norway 741 65 37




Table 2

Tests of the hypothesis. The parametric tests are the quadratic term in a
regression of s, the a.d. of the detrended logarithmically transformed juvenile
abundance, versus latitude. The parameter f; includes the number of years
used to eatimate s as a covariate in the regression, while 8; does not. The
noaparametric test is described in the text,

Number of Nooparametric Testa Parametric Tests
Populations P{r <0) P(fA <0) P(B<0)
Haddock, E. Atlantic 5 025 037 Al
Haddock, W. Atlantic 6 086 ,.031 .07
Cod, E. Atlantic 10 029 {076 .016
Cod, W. Atlaatic 11 068 086 095
Herring, E. Atlantic 9 040 018 .03
Herring, W. Atlantic 12 93 718 11
Combined Probabilities - 0.003 0.001 0.003

NORTH ATLANTIC

ON AN AZIMUTHAL EQUAL AREA
PROJECTION CENTERED AT
40" N AND 35" W

1. Boundaries of regicna 'u.ed in the analysia.



s.d. of log(detrended abundance)
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2. The standard deviation of the detrended logarithmically transformed
Juvenile abundance () versus the latitude of the spawning location. Also shown
are the guadratic regression lines; significance |eveln are given in Tabie 2.
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