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In an investigation of catches of 17 commercial marine species of fish and shellfish from the
Gulf of Maine, l0 showed statistically significant correlations with sea temperatures at St.
Andrews, N.B. ,  or  Boothbay Harbour,  Maine.  Most  f ish records contained at  least  40 yr  of  data.
Descriptive equations are produced for four species based first on the correlation between catch
and sea temperature and second on the correlation between catch and sea temperature allowing
for fishing effort. Inclusion offishing effort, not surprisingly, improved the correlations for all of
the species so examined. The equat ions permit ted the "predict ion" of laterparts of the records
from earlier parts.

Considering the fish species collectively, the Gulf of Maine system from 1940 to 1959
appeared to be in equilibrium with little fluctuation in the total commercial biomass. We interpret
the large fluctuations in individual species abundance as resulting from a combination of fishing
pressure and to a significant degree oceanic climate as represented by sea temperature. The small
fluctuations in the total biomass displays the species variation, with their differing climatic
''preferences," as well as possible predator (including man)-prey relationships. Environmentally
imposed pattems underlie at least 50% of the fluctuations in catch of many species and the
understanding ofthese fluctuations is basic to effective management.

Surcr-r r r r ,  W. H. Jn.  ,  K.  DnrNrwlre n,  eNo B. S.  MuIn.  1977. Correlat ions of  f ish catch and
environmental factors in the Gulf of Maine. J. Fish. Res. Board Can. 34: 19-30.

Une 6tude des prises de l7 espdces commerciales de poissons et de coquillages de mer dans
le golfe du Maine d6montre pour l0 d'entre elles des corr6lations significatives avec les temp6ra-
tures de la mer i  St .  Andrews, N.-B. ,  ou Boothbay Harbour,  Maine.  Les donn6es pour la p lupart
des poissons couvrent une p6riode d'au moins 40 a. Nous formulons des 6quations descriptives
pour quatre espbces, fond6es d'abord sur la corr6lation entre les prises et la temp6rature de I'eau,
et ensuite en tenant compte de l'effort de pdche. Le fait d'inclure I'effort de pOche am6liore les
corr6lat ions pour toutes les espbces 6tudi6es,  ce qui  n 'est  pas surprenant.  Les 6quat ions nous ont
permis de < pr6dire > les p6riodes plus r6centes de donn6es ir partir des p6riodes ant6rieures.

Si  l 'on considbre toutes les espbces de poissons col lect ivement,  on constate que le systbme
du golfe du Maine, entre les ann6es 1940 et 1959, semblait 0tre en 6quilibre avec trds peu de
fluctuations dans la biomasse commerciale totale. A notre avis, les grandes fluctuations dans
l'abondance d'espbces individuelles seraient le r6sultat de la pression exerctje par la pOche et, ir
un degr6 significatif, du climat oc6anique repr6sent6 par la temp6rature de I'eau. Les petites
fluctuations dans la biomasse totale reflEtent la variation des espbces, avec leurs " 

pr6f6rences,
climatiques diff6rentes, de m6me que des relations possibles pr6dateur (y compris I'homme)-
proie. L'environnement est responsable d'au moins 50%o des fluctuations dans les prises de ces
espdces et qu'il est essentiel pour une gestion efficace de comprendre ces fluctuations.
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IN a preceding paper (Sutcl i f fe et al.  1976) the
role of coastal circulation, especially that of the
St. Lawrence River system, on the water pro-
perties of the Scotian Shelf and the Gulf of Maine
was discussed. That study was initiated when cor-
relations were found between flsh catches from
these areas and both the environmental factors of
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local sea temperatures and St. Lawrence River
discharge. Evidence was presented to show that
events originating within the Gulf of St. Lawrence
eventually gave rise to, or were associated with,
temperature perturbations on the Scotian Shelf
and in the Gulf of Maine. It was thought that the
St. Lawrence River system was important, al-
though not necessarily the major influence, in the
sequence of events.

With the association between the St. Lawrence
River discharge and sea temperatures on the
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Tast-r 1. Data series and sources. New England: N.E.;
5: 5; Nova Scotia and Bay of Fundy: N.S.; Southern
S.N.E.

ICNAF subarea
New England :

Species Region Yr Sourceu

Alewife
Butterfish
Clams

Hard
Soft

Atlantic cod
Cusk
Haddock
Hake

Silver
Red

Atlantic halibut
Atlantic herring
Atlantic mackerel

Atlantic menhaden
Pollock
Redfish
Sea scallops
Striped bass
Yellowtail flounder

N.E.
N.E.

N.E.
N.E.
5
N.E.
5

N.E.
N.E.
5
N.E.
N.E.
N . S .
N.E.
N,E.
5
N . E .
N.E.
S.N.E.

1928-71
1928-71

1928-7 |
1928-71
1893 1973
1928-'73
1 893-1973

1928-71
1944-71
I 893-l 973
t928 7l
1928-71
1 893-1964
1929-7 |
1928-71
1936-73
t928 73
1 930-71
r935,74

t-2, 5-9, 12,t6
l-2, s-9,12-16

1-2,5 9,  12-16
|  2 ,5  9 , t 2 -16
1t-t2
r -2 ,5 -9 ,12  16
1 l  1 2

1 _ )  5 - 9  t )  1 6

1 - )  5  q  1 ) _ 1 6

l1-12
1-2, 5,9, 12-16
1 - 2 , 5 - 9 , 1 2  t 6
t 0
l - 2 , 5  9 , 1 2 - 1 6
t -2 ,5  9 ,  12-16
t1-12
t _ )  5 _ q  t ?  t 6

1 _ t  5 - q  1 ? _ t 6

3 4

"These follow the bibliographic references at the end of this paper.

Scotian Shelf and in the Gulf of Maine con-
sidered, albeit far from understood, we now wish
to turn our attention towards the fish. Correlations
between the long-term records of commercial fish
catch in the Gulf of Maine and sea temperatures
and St. Lawrence discharge are presented in an
attempt to show the possible effects of the en-
vironment on several major f ish stocks.

Fol lowing the discussion of correlat ions of indi-
vidual species with temperatlrre, "predictions" of
cod, haddock, and yel lowtai l  f lounder catch from
temperatures are presented. These consist of es-
t imating one section of the data record based on
a relationship derived from another section.

As pointed out in an earlier paper (SutclilTe et
al. 1976), several environmental influences have
been considered by a number of investigators
with temperature being the most frequently used
(e.g. Isel in 1939; Redfield 1939; Carrr-rthers 

. l  
951;

Templeman and Fleming 1953; Chase 1955;
Taylor et al.  1957; Colton and Temple 1961;
Mart in and Kohler 1965; Flowers and Saila 1972;
Sutcl i f fe 1972; Dickson and Lee 1972; l les 1973;
Gulland 1965; Lett and Kohler 1976). Tempera-
ture is not necessarily the most important influ-
ence, but it has the best and longest continuolrs
records. Temperature serves only as an indicator
of the local oceanographic climate and while the
elTect may be direct, further investigation is re-

qtr ired to determine the actual variable(s) of im-
portance to the fish and its mode of influence.

Methods

Environmental data used here are all mentioned
and sources listed in Sutcliffe et al. (1976). These
are used with annual commercial catch or landing
stat is t ics (Table 1)  in correlat ion analysis a lmost
identical to the method used for correlating environ-
mental data (Sutcliffe et al. 1976).

The annual catch data were first correlated with
the mean monthly temperatures of the year corre-
sponding to the year of catch, thus giving 72 correla-
tion coefficients. This was then repeated with the
monthly temperature data lagged back a year (e.g.
if fish data spanned 1939-73, temperature data was
correlated from 1938-72) and so on until an obvious
peak (or trough) appeared, to produce a correlation
matr ix  (Table 2) . ' fhe lag and t ime of  year wi th the
highest coefficient (r) was chosen for presentation.
Keeping in mind that much of the environmental
ef fect  is  in the ls t  yr  of l i fe (d iscussed later) ,  the lag
was compared with published data on age at com-
mercial size. For all species considered significant,
the correlations chosen were not isolated or random
events in the matr ices (Table 2) ;  several  adjacent
months or  years showed correlat ions near ly as high.
This wi l l  be discussed later .  Smoothing was done
usual ly  by 2-  or  3-yr  running means and the year
shown in the figures is always the 1st yr of the group.

Because a single catch datum for a given year
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TABLE 2.Comp!ler generated correlation table ofthe principle type used in this paper. Files used are monthly mean temperatures for St. Andrews,
N.B. and cod, ICNAF subarea 5 (1929 73 used), 3-yr running means. Highest correlation coemcient (r) occurs foiAugust, 4 yr lag. Outline
contains Yalues signil icant at 0.05 level, values underlined signil icant at 0.02 level, with 6 df, See text.
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r for mo ofYr
lag
n o , t2

0
I
2
3
4
5
6'l

8

-  . 4 7 6  - . 5 8 6  -  . 5 5 7
-  . 5 4 5  -  . @ 9  -  . 5 9 3
-  .561 -  .653 .  599
- . s 3 1  - . 6 4 1  - . 6 1 1
- . 4 5 3  - . 5 7 5  - . 5 8 1
- . 3 ' , 7 2  - . 5 0 1  - . 5 3 s
- . 3  . 4 0 7  - . 4 7 1
- . 2 5 2  - . 3 1 6  - . 3 8 8
- . 1 9 3  - . 2 0 4  - . 2 6 6

- . 5 5 8  . 4 8 8  , . 4 4 3
- . 6 4 7  . 5 8 8  . 5 3 5
- . 6 9 2  , . 6 ' , 7 1  . 6 3 1

.70r 1 .71r;|  - .678

. 6 7 8  - . 6 8 1  . 6 6 7
- . 6 3 s  . 6 1 3  . 6 r

. 5 7 8  . 5 3 2  - . 5 3 5

.493 .453 .446
-  . 3 6 6  . 3 3 5  . 3 4 4

usually includes more than one year-class (although
often one year-class predominates), the catch data
cannot be considered as independent points; for other
reasons the same is true for temDerature (Sutcliffe
et aL 1976). This is further compounded by smooth-
ing. In determining level of statistical significance we
have tried to take these factors into account in the
same way we handled the environmental data in the
previous paper (Sutc l i f fe et  a l .  1976).  We bel ieve
our estimates of significance to be conservative.

In the following presentation most of the fish
statistics are compared and correlated with the sea
surface temperatures at St. Andrews, N.B. (TEMPSA).
This particular environmental data series was chosen
because of its time span and geographic location; tn-
formation was also derived from Boothbay Harbor
(BOOTHT) records and a signal representative of
the St. Lawrence River system (RIVSUM) for com-
parison.

Though somewhat distant in space from the actual
areas in which the fish have been caught, the sea
surface temperature trends at St. Andrews have been
shown to be representative of surface and subsurface
temperature variations through the Scotian Shelf and
the Gulf of Maine (see Lauzier 1972). For those fish
statistic records beginning prior to St. Andrews sea
temperatures, correlations were run with sea temDer-
atures at  Boothbay Harbor,  Maine.  or  a i r  temper-
atures at Eastport, Maine. Comparisons between
Eastport air and St. Andrews sea temDeratures can
b e  f o u n d  i n  S u r c l i f f e  e r  a l .  ( 1 9 7 6 ) .

In choosing catch records for analvsis and Dresen-
tat ion,  few part icualr  cr i ter ia were observed other
than the necessity that a given record be for one
species only, the data derived from a fairly limited
area (in the ecological sense) and contain a reason-
ably long series. Convenience also influenced our
choices. For example, while the fisheries statistics of
Nova Scotia are available for many years, these in-
clude catches inside the Gulf of St. Lawrence and
outside on the Shelf, qrlite different habitats in our
opinion, and would require much sorting out of land-
ing data by fisheries districts of the province. Fish-
er ies of  New Brunswick presented the same problem.
Thus, confining our attention to the area of ftre Stretf
f rom Cape Breton,  N.S. ,  to a l i t t le  past  Cape Cod,
Mass., our presentation is mostly centered in the
New England fisheries (from Fisheries Statistics of

the United States) and International Commission for
the Northwest Atlantic Fisheries (ICNAF) subarea
5 (from ICNAF publications).

Results and Discussion

The following species taken individually were
run through our programs and are presented as
they occurred. We did not attempt to go into each
in any great detail for reasons given later. Some
have already been noted or indications given in
the literature that stocks are susceptible to envi-
ronmental fluciuations (e.g. alewife, Leim and
Scott 1966; str iped bass, Merriman 1941) so we
do not pretend originality in this respect; we have
merely updated them and added longer records
( F i e .  1 ) .

Arnwrnn (Alosa pseudoharengus)

Although frequently spawning in fresh water
near the sea (Leim and Scott 1966), stocks of
this anadromous species appear to be related to
sea temperature. Figure 1A shows the New En-
gland catch from 1928 to 1971 and temperatures
for the month of April with a lag of 6 1lr (r =
0.850) . In 1972 commercial catches were mostly
2-8 yr old (ICNAF 1973), dominated by ages
4 and 5 (5th and 6th growing season).

Burrsnrrsu (Peprilus triacanthus)

Figure 1B shows the New England commercial
catch of butterf ish from 1928 to 1971 with St.
Andrews temperatures (April and May) lagged
by 4 yr (r = 0.735). From information in Bigelow
and Schroeder (1953), the lag may be a l i t t le
long although a 3-yr lag gave r = 0.717. Sl ightly
higher correlation coefficients (but not significant)
were observed for October-November and lass of
4-5 yr.

ArreNrrc Coo (Gadus morhua)

Landings from ICNAF subarea 5 (from Cot6
1952; Mart in and Kohler 1965; and subseqllent
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Frc. 1. Commercial fish landings and St. Andrews
sea temperatures (except Fig.  1C).  Al1 are 3-yr  run-
ning means except where indicated. For further details
see Table 3.  A,  Alewi fe (Alosa pseudoharengus),New
England; B, butterfish (Peprilus triacanthus), New
England; C, Atlantic cod (Gadus morhua), ICNAF
subarea 5 (3-yr means) and July-August Eastport
air temperature (4-yr means); D, Atlantic herring
(Clupea harengus harengus), New England; 2-yr
running means; E, Atlantic menhaden (Brevoortia
tyrannus); New England; F, redflsh (Sebastes mari-
nas), ICNAF subarea 5; G, silver hake (Merluccius
bilinearis), New England; H, striped bass (Morone
saxatilis), New England; I, yellowtail flounder (L-
manda lerruglnea), southern New England, 2-yr run-
ning means; J, hard clam (Mercenaria mercenaria)
(meats), New England; K, soft-shell clarrr (Mya
arenaria) (meats), New England; L, Sea scallop
(Placopecten magellanicus) (meats), New England.

ICNAF Stat. Publ.) were plotted with Eastport
air temperatures from 1893 to 1973. The results
(Fig. 1C) have a correlation coemcient of -0.661.
With St. Andrews surface temDeratures 1921-73)

and a lag of 4 yr, r  assumed a value of -0.833

for July and August temperatures. In the 1920s
most cod on Nantucket Shoals were 3-5 yr old
(Schroeder 1930) as were those on Georges Bank
1956-70 (Brown and Heyerdahl 1972).

ArreNrrc Hr,ntrNc (Clupea harengus harengus)

Plots of New England herring and temperature
(November) with a 2-yr lag (r = 0.604) are
shown in Fig. lD. The lag time is short for adult
fish in the comrnercial catch (ages 4 and 5, Boyar
t968); however, the New England landings in-
clude the inshore flshery for immature fish so the
lag derived for the mixture given here may not
be unreasonable. Clearly, any further work on
these correlations should separate stocks and the
flsheries.

AtreNlrc Mr,Nne.pr,N (Brevoortia tyrannus)

New England menhaden landings are correlated
with St. Andrews sea temperatures (April, r :

0 .872)  w i th  a  3 -y r  lag  (F ig .  1E) .  Henry  (1971)
indicates the average age of specimens from the
North Atlantic f lshery (north of 40o) was 3.7 yr
f rom 1955 to  1968.

Rporrsu (Sebastes marinus)

Kelly and Wolf (1959) give the age composi-
tion for redfish in the Gulf of Maine for the
early 1950s. The spread is wide, ranging from
about 3 to over 20 yr. However, the "mean" age
of 8 yr selected in our lagging program does not
seem unlikely when looking at the Kelly and Wolf
histograms. Redfish catch from subarea 5 and St'
Andrews temperatures are correlated in Fig. 1F
(r = -0.128). Data previous to 1936 were ignored
because the fishery had not yet developed (E,'

Sandeman personal communication).

Srr-vr,n Hern (M erluccius bilinearis)

The 5-yr lag found for the New England catch
of si lver hake (see Fig. 1G r = 0.781) is close

according to the age estimate given by ICNAF
(1964) for this species (3-4 yr,4th-5th growing

season). Correlat ions from 1928 to the early
1960s showed a lag  o f  4  Yr .

Srnrpr,o Btss (Morone saxatilis)

New England catches (mostly Massachusetts
and Connect icu t )  and August  tempera tures  ( r  =
-0.631) for a 3-yr lag are shown in Fig. 1H.
According to Merriman (1941) 2-yr-olds (enter-

ing or in the 3rd growing season) appear most
prominently in the commercial catch.
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Yerrowrerr Fr-ouNoeR (Limanda f erruginea)

Brown and Hennemuth (1971) have described
the yellowtail flounder fisheries in subarea 5. We
have used their tabulated data for the southern
New England grounds and updated the catch and
effort from Edwards and Hennemuth (1975).
Correlating the catch from this stock with St.
Andrews temperature, we obtained the highest
negative correlation (-0.792) for August with a
2-yr lag. The data are plotted in Fig. 1I. Sissen-
wine (1974) also found strong correlations with
temperature for this species.

Hano Crevs (Mercenaria mercenaria)

The 2-yr lag for commercial catch of this spe-
c ies  (F ig .  1J)  seems reasonab le  ( r  :  0 .805) .
Resently, most of the hard clams harvested are
near the lower size l imit in Maine (5.1 cm), ac-
cording to E. S. Gilfillan (personal communica-
t ion), and approximate 2-yr-olds.

Sor.r-SHerr Creus (Mya arenaria)

A7 yr lag and negative correlat ion (r = -0.798)

were found between New England clam catch and
St. Andrews temperatures (November and Decem-
ber) (Fig. 1K) with a secondary peak for a 5-yr
1ag with February and March temperatures (r :
-0.745). Minimum size restr ict ions place l imits
at 5.1-cm shell  size in Maine (the largest pro-
ducer of the area), an average age of 5 yr (Dow
and Wallace 1957), although growth rate is
highly variable.

Sne Scarr-ops (Placopecten magellanicus)

Dow (1964a) indicated the correspondence
between spring and autumn sea temperatures
(Boothbay Harbor) and Maine landings (1939-
43) of this species. He noted that 6-9-yr-olds
composed most of the catch in the late 1940s
and 1950s.

Correlating New England scallop catches for
1928-71 with St. Andrews temperatures we ob-
tained the highest correlat ion (0.796) for Novem-
ber with a lag of 6 yr (Fig. 1L). For Georges
Bank catches (Caddy and Lord 1971) and St.
Andrews temperature, the highest correlation
(0.821) was for March and a lag of 8 yr, which
is too long (J. F. Caddy personal communication).
However, the character of the fishery changed
considerably during the 1960s, perhaps contr i-
buting to the discrepancy (Bourne 1964; Caddy
and Lord 19'71).

Otren SpEcrns

In addit ion to the foregoing, several other spe-

cies in our area of interest have been correlated
with temperature. Lobster (Homarus americanus)
abundance-temperatllre correlations were shown
by Flowers and Saila (1972), and indications
given for northern shrimp (Pandalus borealis)
and the blood worm (Glycera dibranchiata) by
Dow (1964a, b). With Atlantic mackerel (Scom-
ber scombrus), Taylor et al.  (1957) showed
positive correlations between New England land-
ings and New Haven air temperatures (1810-
1930) for a 3-yr lag.

Attempts were made to use Atlantic hal ibut
records (Hippoglossus hippoglossus) for sr-rbarea
5 (1893-1973,  ICNAF Sta .  Bu l l . )  wh ich  were
compared with appropriate Eastport air temper-
atrlres. While significant at the 0.05 level (Table
3) we are incl ined to question the stat ist ical value
of the low levels of catch (mean ( 500 t/yr) and
the table was somewhat confusing, perhaps be-
cause of the considerable spread in age found in
the catches (McCracken 1958). For red hake
(Urophycis chuss) correlations with Boothbay
Harbor temperatures did not flt an easily recog-
nizable pattern, although with St. Andrews and
RIVSUM results were obtained with a 2-yr lag
(not inconsistent with 2-3 yr age, Rickter 1972)
(see Table 3 ) .  Efforts to derive useful associat ions
from landings of cusk (Brosme brosme) and pol-
lock (Pollachius virens) were not fruitful.

Orsgn ENvrnoNveNrar- Rnconos

Most of the species presented above for corre-
lat ions with St. Andrews sea temperatl l res were
tr ied also with Boothbay Harbor temperature rec-
ords and RIVSUM. Table 3 gives the results of
these and the levels of signiflcance with all three
signals. With one signal or another, 13 species
showed signif icant (0.05 level or less) relat ions
with the environmental records. There are some
differences in year lags between Boothbay and St.
Andrews series, but the significance of these is
doubtful.  In many cases, although the highest
coefficient was chosen for presentation, neighbor-
ing ones in terms of adjacent months or years
were almost as high and probably not significantly
different statistically.

We are reluctant to put great importance on
the particular month indicated in Table 3 for the
highest coefficient. It is more likely that a span
of months is involved, as encol lntered when going
into cod, haddock, yel lowtai l  f lounder, and men-
haden in greater detai l  (see below), and that this
span (representing the f irst growing season?) is
possibly more important biological ly to the spe-
cies in question.

Gulland (1953, 1965) has advised caution with
the use of correlations to relate environment to
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TABLE 3. Statistical data for some ofthe correlations of environmental factors and catches of various species. Environmental signal : Env, Sig.;
Runn ing  mean:  RM;  New Eng land -=  N.E. ;  S t .  Andrews,  N.B.  :  S .A. ;  Boothbay  Harbour ,  Me.  :  B .H. ;  RMUM:  R;  ICNAF sub-
area 5 .- 5 (under "area"); Eastport, Me., air temperatures : EPATEM; Southern New England : S,N.E.

Species

Mo for

Env. Sig.Yr Env.  SJg RM

Yr

Lag r

No. ofind. points"

Fish Env. Sig. df' Significance

6  . 0 1 - . 0 0 1
6  . 0 1
4 .O5- .O2
6  . O l - . 0 0 1

6  . 0 5 - . 0 2
6 .05- .02
6  . O 2
6 .O2

> . 1
> . 1

.  1 - . 0 5

> . 1

8 1 0
8 8
8 6
8  t 4

8  1 1
8 1 0
8 9
8 9

7 8
7 1 4
7 t o
6 8
6 9
6 9
6 6

9 1 2
7 8
8  l 0
7  1 0

12 25

7 1 0

7 1 0
'1 12

. 8 5 0

.841

.86',7
. 8 5 0

. 7 3 5

. 7 5 0

. 7 8 8

. 7 8 6

.744

.696

. 8 0 5
-  . 7 9 8

-  .800
-  . 8 8 6

. 6 6 8
-  . 8 5 0
- . '1',18

. 8 3 3

.661
- . 5 4 3
- . 6 8 0
- . '73r
-  .548

4
2

1 2
4

a 5
l 0
3
4

9  3  > . 1
9  3  > . 1
6  3  . 0 5
6  4  > . 1
7  5  > . 1
8  6  . 0 1

3 9  1 5  . 0 5 - . 0 2

8 6  .05- .02
1 2  8  . 0 5 - . 0 2
l 0  8  . t  . 0 5

1 1  5  . 0 1
9  5  . 0 5  . 0 2
8  5  . 0 1 - . 0 0 1
6 4  .05- .02

l 0  6  > . 1
1 1  6  > . 1
1 1  6  > . 1

5  3  . 1 - . 0 5
9  4  . l
6  4  .05- .02
7 4  .05- .02

9  4  . 0 5
8  4  . 0 6

l 0  4  . o 2

9  4  > . 1
9  4  > . 1

1 8  4  .  l - . 0 5

12 8  .007
t2  8  .007
t 7  8  . 0 8

5 . ' t8 l  5
6  . 7 7 r  5
4  . 8 8 0  5
o  . 5 2 2  t 2
2  . 5 0 7  1 2
2 .84 ' r  12

I  1  . 5 3 7  1 7

2 . ' ,137  10
4 .648 10
2 .604 l0

3 .872 ', l

3 .'196 ',7

2  . 8 8 1  7
3 .870 

',7

2  .463 8
2  .458 8
2  - . 4 5 3  8

8  .846 6
8 . 't28 6
8  . 8 6 7  6

1 0  . 8 6 1  6

7 .820 6
6  .796 6
5  . 8 8 5  6

3  .644 6
3  . 6 3 1  6
5  . 7 6 3  6

2 . ',192 l0
|  - . 7 9 7  l 0
2  , . 5 8 6  l 0

l l  2

l l
3

l l
8
8
6

3

l l
3

l l

3
2

1 2

8
8

l 2

l l
3
2

1 2

3
l l
l 1

3 x 3
3 x 3

3 x 3

3 x 3
3 x 3
3 x 3
3 x 3

3 t 3
3 x 3
3 x 3
J X . J

3 x 3
3 x 3
3 x 3
3 x 3
3 x 3
3 x 3
3 x 3
3 \ 4
3 x 3
3 x 3
3 x 3
3 r 3

N . E 1928 71
1928-'7 1

1928-7 1

1928-'7 1

1928 71
1 9 2 8 ' 7 1

S . A .
B , H .

R

S . A .

Alewife

Butterfish

Clams
Hard

Soft

Atlantic cod

Cusk

Haddock

Hake
Silver

Red

Atlantic halibut

Atlantic herring

N , E .

N . E .

5

N . E .

5

N.E,

N.E.

5

N.E,

N.E. 1928 ',l I
1928_7 |
1928 7l

5 1936-73
1936-73
1936-73

1928-'11 B.H.
1928,71 R
1928-',7 | S.A.
1928-',71 S.A.

1928-7t R
1928-7 | B,H.

l9t4-'13 B.H.
1925-73 S.A.
1919 13 R
1925 73 S.A.
1893- I973 EPATEM

1928-71 S.A.
1928-',71 B.H.
1928-71 R

1893 1923 EPATEM

1928-71 S.A.
1928 7t R
1 9 2 8 ' 1 1  B . H .
1944 7l B.H.
1944-'71 S.A.
1944-71 R

I893.1973 EPATEM

t928 ',t I B.H.
1928 

',l 
I R

1928 7l S.A.

1929-',7 | S.A.
1929-'7t R
1929-71 B.H.

R
B,H

. 05

.  l - . 05

.05-.02

.  t - .  05

.  l  - . 05

.05

.02

.05

.02 - . 0 t

.02

.02

.  02-.  01

1 0
4
8

1 1 ,  1 2

I
l l

l 0
7 t 2

3
7 , 8

t0-12

1 2
l 2
l 2

1
5
b

5
t 0

5
4
5

5

3 x 3
3 x 3
3 x 3
J X J

3 x 3
3 x 3

3 x 3

2 x 2
2  \ . 2
2 t 2

3 x 3
3 x 3
J X J

Atlant ic menhaden N,E

S . A .  3 x 3
B . H .  3 x 3
R  3 x 3

B . H .  3 x 3
S . A .  3 x 3
R  3 x 3

3 x 3

R  3 x 3
S . A .  3 x 3
B . H .  3 x 3

B . H .  2 > < 3
s . A .  2 x 3
R  2 x 3

S . A .  2  \ 2
B . H .  2 x 2
R  2 \ 2

Pol lock

Redfish

Sea scallops N.E. 1928-71
1928-',7 |
1928-7 1

St r iped bass  N.E.  1930 7 l
1930 '71

1930-7 |

Yellowtail f lounder S.N.E. 1935-74
1935 74
1935 14

aFor method of determining independent points and degrees of f reedom see Sutcl i f fe et al .  (1976).

fluctuations in populations because of the chance
of spurious relations. Some presented here may be
fortuitous. Redfish is certainly a possibility as is
silver hake with only one main peak of catch
correlated with one main peak in temperature;
only more years of data with further and detailed
study will tell. The choice of variables - fesl
different environmental signals, month, year lag,
and running average - is not as great as would
appear. In a previous paper (Sutcliffe et al.1976)

we reviewed the great similarity among a number
of signals along the coast (including the ones
used here) and it is not surprising that the
monthly components would show basic similar-
ities. The fact that the year lags we found are not
greatly dissimilar to the likely mean ages of the
various species at commercial size since the 1920s
supports our thesis since strength of year-class is
thought to be largely determined in the lst yr
of l i fe (Gulland 1965; Templeman 1972; Cushing
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TABLE 4. Data and stat ist ical  information for species considered with efort  (see text) .  IC^NAF subarea 5: (5);  Southern New England:

( S . N . E . ) ; N o r t h A t l a n t i c : ( N . A . ) . J : c a t c h ( 1 b 3 t ) , r l - t e m p e r a t u r e , r 2 : e f f o r t , d a v s f i s h e d ( x 1 0 3 ) '

Constants

Equation
YI

RM Period

Atlantic cod (5)
(Brown and Heyerdahl l9?2)

H a d d o c k  ( 5 )
(Grosslein and Hennemuth 1973)

Y e l l o w t a i l f l o u n d e r ( S . N . E . )  !  :  a  I  b x L
( B r o w n  a n d H e n n e m u t h l 9 7 l | ,  y :  a  +  b x r  +  c x 2
Edwards and Hennemuth 1975)

At lant ic menhaden (N.A.)
( H e n r y  1 9 7 1 )

Y  :  a  i  b x 1
y : a -l bxL I cxz

1925 7l
t 9 3 t ' 7 r

l9 I 7-68

1935-74
191'1 ',74

193',7 74

1941 68

1 0 7 . 5 5
1 1 7 . 8 3
1 1 8 . 7 9
69 .599
64 .579

141 .79
I  3 2 .  8 9
1 6  .539

' t  
.3192

-  9 .8425 .82792
9.6235 .45425

- 6 . 2 4 1 7  4 . 4 5 4 3
4 . 3 t 3 2  3 . 6 1 2 5

1 1 . 4 3 6
1 0 . 4 4 t  1  . 3 8 3 2
5 . 9 1 7 2  2 . 0 5 1 6

t 2 . 1 9  . 0 5 6 6 3

850
896
8 3 3'716
'151

8 l l
8 8 2
828

9241 0 7 .  r 3

1,974 Daan 1975). The method of running the
correlations is an averaging process in terms of
year lag. Actually, using earlier or later segments
of some of the records, we flnd somewhat longer
or shorter lags indicating catch composition of
older or younger fish. As to running means, in-
creased smoothing results in greater correlation
coefncients indicating the importance of low fre-
quencies and long-term trends. This, however,
decreases statistical significance; less smoothing
increases significance and decreases the magnitude
of r.

With some of the species presented in Table 3,
lags with RIVSUM are longer than those of the
temperature records. This is consistent with the
notion presented in the earlier paper that the St'
Lawrence River system has some influence further
south months later. Again, however, it is difficult
to assign significance to the actual difference in
year lags or months involved between RIVSUM
and the other two records for reasons given
above.

Rlconos wrrr{ EFFoRT DATA

Results so far have dealt only with "raw" catch
or landing statistics and make no attempt to take
into account changes in fishing effort in terms of
time or eqlripment expended. Four records that
included considerable t ime series of standardized
efiort statistics were examined in more detail -

cod, haddock (Melanogrammus aeglef inas), yel-
lowtai l  f lounder, and menhaden (see Table 4).

Figure 2A (upper part) shows the cod catch
of ICNAF subarea 5 from 1925 to 1973. For
the period 1925-50 an equation was derived from
annual data ( least squares f l t)  of the form y :

e + bx from the relat ionship between cod (y)

and St. Andrews sea temperatLrres (rr),  r  :  0.640.
The second part of the middle graph (Fig. 2A)
extending to 19'7 | was "predicted" from this
equation. The occnrrences of major peaks and
troughs are reasonable except for the reduced
relief of the fitted curves and a 2-yr difference of
t h e  p e a k  i n  t h e  l a t e  1 9 6 0 s  ( r : 0 . 8 5 0 ) .  A t  t h e

-\-\^ -A
\_-/

4  ! '  +  ] l

"i" A""****"i.l' / \- ./*,,^. \
. t /

2 !' 
z'. -^

i-v \ ru.*.".r
"n^n

/ \  \
1 V 

\/' '*"'t;r

' i  *  ^ * '  {
!':l -'' \f\
i ' : lr f i-$ \

, J ' \ \ "
v/ a(jlird - 

\
- - a ;

Ftc. 2. A, Upper - ICNAF Subarea 5 cod catch;

middte - calculated catch from temperature record
(St. Andrews sea July-December)', lower - calcu-

lated catch from sea temperature and effort' All 3-yr

running means.  B,  Upper -  ICNAF subarea 5 had-

dock catch: lower - catch calculated from tempera-

ture (Boothbay January-August) and efiort. All 3-yr

rnnning means. C, IJpper - southern New England

yellowtail flounder catch; middle and lower - calcu-

lated from temperature (St. Andrews June-October)

and effort. Al1 2-yr running means. D, Upper - an'

nual North Atlantic menhaden catch; lower - ilnnlal

catch calculated f rom temperature (St .  Andrews

May-December) and effort.

bottom of Fig. 2,A. is a graph of catch (y) derived

from y - a * bxy I cx2 (xr = temperature St.

Andrews, 'rz :  days f ished x 10-3) for 1931-55.
From this the remainder was calctllated to the
end of the ef iort record (1971). Similari t ies (and

differences) with the actual catch record are ob-
vious. The correlation coefficient of the entire
cod-temperature-effort relationship is 0.896 (see

T a b l e  4 ) .
With haddock, Eastport air temperatures for

the early part of the record (start ing in 1893)
gave indilTerent confusing results, explaining only

/\ ,"1
.rc, 'ile ' f.*/ 
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about 25Vo (r2) of the variation, and failed com-
pletely to accolrnt for the considerable rise in
catch in the late 1920s. A large inf luence on this
peak was greatly increased effort (Hennemuth
1969; Grosslein and Hennemuth 1973). So, using
Boothbay temperatl tres (xr),  effort (x"),  and
annual catch (y), we f i t ted the eqr-rat ion y =
a * bxt f c.r2 for 1917*43 and extrapolated
catch for the remainder using only temperature
and effort (10-3 days). The results are shown
in Fig. 2B (3-yr means); the correlat ion coeff i-
cient for the entire relat ionship was 0.776 (see
Tab le  4 ) .

The same approach nsed for cod was employed
for yel lowtai l  f lounder (southern New England).
The results (Fig. 2C) show, top, catch from 1935
to 1972; middle, catch and temperature fitted for
1935-53, catch predicted from the f irst period
by temperature 1954-74; and bottom, catch f i t ted
with temperature and effort (10-3 days) for 1937-
53 to predict catch for 1954-74, all, Z-yr running
means. Details for catch-temperature and catch-
temperature-effort equations for the entire series
are given in Table 4.

Figure 2D shows plots of (upper) anntral catch
of North Atlantic menhaden and ( lower) cal-
culated catch from St. Andrews temperatures and
standard vessel days, r = 0.924 (Table 4). For
temperatnre alone, r :  O.760. The irse of running
means apparently did not introduce any spurious
correlations in the other three species discussed
above as seen in Table 4 when annual catch
was used.

We realize the equations we have used here are
not the usual ones found in mathematical treat-
ments of fish stocks. Catch and effort might
ideally have a curvilinear relationship and the
relations to temperature might more properly be
some function of the reciprocal of the absolute
temperatrlre. Clearly, if elTort declines to zero,
so must the catch, whereas once effort exceeds
some optimal value, the catch should eventually
go down. Flowever, for the ranges of elTort and
temperature encountered here, the linear function
did nearly as well as (or a little better than) more
complicated ones that were tried and no purpose
seemed to be served by making the presentation
more complex. With these empirically derived
equations we wish to make no further point than
that environment should be considered when
dealing with these populations.

J,  FISH. RES. BOARD CAN.,  VOL. 34,  1977

effect of quotas on recent data. Ideally, some of
the calculat ions presented here should be redone
for the catch of a single country for which all the
factors are well known.

Without more attention to the details of the
biology and life histories of the various species
considered here, it is difficult to say much about
the underlying causes for positive or negative
correlat ions. For instance Welch (Anon. 1975)
notes that a negative correlation for soft-shell
clams is likely through the agency of a predaceous
crab that is more plentiful in warm years. Except
for striped bass all species of fin fish showing
negative correlations in this report are near the
southern limit of commercial abundance (Bigelow
and Schroeder 1953; Leim and Scott 1966).

Psnrootcl:ry

If, as this study suggests, trends in the catches
of commercial fisheries are associated with trends
in the sea temperatures then any periodic be-
havior in the latter becomes imoortant in fore-
casting future oscillations. Such an occurrence
was recently discussed by Southward et al.  (1975),
who observed an ll-yr cycle in the commercial
catches of several species of flsh off England.
They related this perodicity to sunspot cycles
through sea temperatures.

To investigate the periodicity within the envi-
ronmental factors of this study autocorrelations
and power spectra were run on the annual aver-
ages of the sea temperatures at Boothbay Harbor
(1906-73) and St. Andrews (1921-73), the air
temperatures at Eastport (1874-1972) and the
St. Lawrence River discharge, RIVSUM (1914-
73). In each case the autocorrelation showed
similar curves to that of Boothbay Harbor (Fig.
3) with a peak occurring at a lag of around 22
yr. The lag at which the peak occurs, the correla-
tion coefficient and its signiflcance follows:

r Yr lag
at peak at peak P

Sea surface temp.
Boothbay Harbor
St. Andrews

Air temp
Eastport

River discharge
RIVSUM

.26t  22

. 1 8 0  2 2
. 1 0
. 1 0

.366  22  .10

.373 26 .08

No attempt was made to extend these catch- Significance was calculated in a manner similar
temperature-effort relationships with quite recent to that found in Sutcliffe et al. (1976) .
data for two reasons: 1) we feel the best catch Power spectra of these same series showed,
and effort data available for a species result from after trend removal, that most of the variance is
a single investigator or group that has spent con- explained by fluctuations on the order of 20 yr
siderable time evaluating and collecting the data or greater. More variance, although still quite
for that species, and 2) we are unsure of the small, was observed at higher frequlncies in the
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Frc. 3. Autocorrelations, Boothbay Harbor sea tem-
peratures, see text.

air temperatures at Eastport than in the remain-
ing series.

Although the environmental data series are too
short to establish the stability of a 22-yr period-
icity it is interesting that other investigators have
also noted such a period, e.g. Roberts and Olsen
(1,975) for the occurrence of droughts in the

Great  P la ins  o I  Nor th  Amer ica .

SuuenBe 5

Figure 4 shows 3-yr running means of catch for
the various species discussed above for subarea 5.
ICNAF stat ist ics were used back to 1954 (except

for cod, haddock, and redfish for which the
records were longer) and before this the New
England landings ( less Connecticut) were used.
For a few years in the 1950s, before the influx of
large mobile fleets, the numbers agreed fairly well
so this combination of the two records does not
seem unreasonable; for 1953-56, according to
ICNAF records. the U.S. catch was at least 997c
of the total in subarea 5, and presumably before
this. In spite of wide variations of individual
species and many factors affecting the data such
as economic influences, the total is curiously flat

for many years not unlike Lake Erie (Regier and
Hartman 1973). While this is a log plot which
would tend to flatten relief, the extremes are only
about -+lOVo of the mean for the period of this
plot. The picture from about l94O to 1959 sLtg-
gests a balanced system with man as an oppor-
tunistic predator taking whatever was in greatest

abundance but with a relatively steady supply
in toto. After 1960 the efiect of large fleets with

increased effort may be seen (discussed by Ed-

Frc. 4. ICNAF subarea 5 "catch" of various species
(round fresh) and total (at top), see text,3-yr
running means,

wards (1968) and Brown et al.  1973). Accord-
ing to these authors the new level of catch

constitutes overflshing of the major stocks in-

volved.
Most of the species depicted in Fig. 4 have

been shown above to undergo fluctttations corre-
lated with environmental changes and the entire

roster amounts to an average of about 84Vo of

the total catch for the area. Further, the correla-
tions with the environmental signals, in the major-
ity of cases, explain at least 50Vo (r2) of the

variat ion. Clearly, a better nnderstanding of the

basic patterns of fluctuations, apparently imposed
in part by the environment, would help in man-

agement policies and the imposition of quotas.
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