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Abstract

Data from groundfish research surveys on the continental shelf of northeast Newfound-
land were used to examine the relationship between abundance of fish species at indi-
vidual stations, bottom temperature, and depth in the period 1978 to 1993. The observed
abundance of 24 common fishes within temperature and depth categories (-2 to +6°C, 50
to 1 000 m) was compared with the expected abundance, and preferences and avoidance
were thus determined. The individual pattern of preferred categories defines the niche shape
that is assumed to represent the realized niche of a species. Comparison of realized annual
niche spaces showed that a pronounced shift towards deeper waters occurred in numerous
fish species during the study period. These preliminary results suggest that reduction or
expansion of realized niche space could be useful as an indicator for displacements and
changing habitat occupation by continental shelf fishes.

Key words: abundance, depth, fish, Newfoundland shelf, niche breadth, temperature, visu-
alization

Introduction

The aim of our study is to describe what the
available data from groundfish research surveys on
the continental shelf off Newfoundland convey
about ecological shifts in abundant fish species. Our
perspective is that of "niche space", a term intro-
duced by Hutchinson (1957). In his concept, biotic
and abiotic characteristics of the environment are
represented by multi-dimensional niche axes along
which each species can be located according to its
specific requirements and physiological tolerances
(as determined from experiments). This describes
the fundamental niche space of a given species. The
realized niche space is that fraction of the funda-
mental niche space that a species or population will
actually occupy in a particular ecosystem during a
determined time period. Our niche space has two
axes, temperature and depth, and we use these to
discriminate different realized annual niche spaces
of common fish species off Newfoundland during
the autumn season over the period 1978 to 1993.

Based upon Hutchinson's niche concept, we
developed a graphical presentation that is rich in
information. The value of publishing these sets of
visualized niche space, all of which can be analysed
from various different perspectives, consists in of-
fering a tool to help interpret all kinds of other eco-
logical and fisheries data within this geographical
region. Our data sets should be useful to special-
ists and fisheries biologists concerned with single
species and to community ecologists concerned with
matters such as competition, habitat use, and pre-
dation.

Materials and Methods

The database used in this research was devel-
oped by Villagarcía (MS 1995) based on informa-
tion from the annual autumn survey cruises con-
ducted by Department of Fisheries and Oceans,
Canada, from 1978 to 1993 in the Northwest At-
lantic Fisheries Organization (NAFO) Divisions 2J,
3K and 3L (Fig. 1).  These surveys have been
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Fig. 1. NAFO Div. 2J, 3K, and 3L with an example of survey stations distribution in 1991 .

conducted by stratified random trawls (for more
details see Bishop et al., MS 1994). The analyses
included 24 common fish species in the area (Table
1). Seven temperature categories ranging from -2 to
+6°C and seven depth categories ranging from
50 to 1 000 m were established. The number of sta-
tions falling into each of the combined temperature/
depth (which is described in this study as niche)
categories determined the sampled niche space in
regard to bottom temperature and depth. Catego-
ries with less than 3 stations were omitted from our
analyses. Expected values for the abundance of
every analysed fish population in each niche cat-
egory (Ef) were calculated based on station distri-
bution within the sampled niche space (where N

f
 is

the total number of individuals of the analysed fish
species, n

s
 is the number of stations in a particular

niche category, Ns 
is the

 
total number of stations

considered in the analysis):

E
N n

Nf

f s

s
=

The observed numbers of fish (O
f
) falling into

each niche category were then compared with the
expected numbers and relative deviations in each
cell calculated as γ-values (based on the selectiv-
ity index Ei proposed by Ivlev, 1961):

γ =
−( )
+( )

O E

O E

f f

f f
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A positive deviation from the expected value
is interpreted as preference for and a negative de-
viation as avoidance of that particular temperature/
depth cell. The visualisation of the realized niche
space is based on the γ-values (see Fig. 2 to 13).

Linked to the variability in shape (as visual-
ised in Fig. 2 to 13), the realized niche space has a
size/width component. To facilitate comparisons, a
numeric representation of the relative width of a
species realized niche space (Ht) is determined
based on chi-square (χ2  serving as a measure of
the deviation from an expected distribution and not
as a statistical test for correlation).  Ht is expressed
as 1/K' (based upon the K-value of Sachs, 1988;
modified); K' corrects χ2 for both the total number
of fish (Nf) and the number of cells (nc):

K
X

N nf
c

' = ×
2 1

 → Ht
K

= 1

'

A low Ht value (<2) indicates a relatively small
realized annual niche space and a high Ht value (>4)
points to a large realized annual niche.

Trends of a species niche width (Ht) on an an-
nual basis were estimated through regression analy-
ses and calculation of the correlation coefficient r.

Total numbers of species caught during surveys
in each year is given with the figures (Fig. 2 to 13).

Results and Discussion

The approach used in this paper allows deter-
mining and comparing annual temperature/depth
distribution of fish independent of their abundance.
To examine possible changes in niche width and
shape during the period of investigation, preference/
avoidance patterns were plotted for each year and
annual measures of the width of the realized niche
space (Ht) were performed (Fig. 2 to 13). When
comparing the graphs for different years in any spe-
cies one should keep in mind that a shift in pre-
ferred niche space does not necessarily imply that
individuals of a population displayed different niche
selection patterns in each year. In the situation en-
countered on the Newfoundland shelf where abun-
dance of so many fish species declined from 1978
to 1993 (e.g. Haedrich and Fischer, 1996), niche
space shifts might simply reflect a situation where
change in environmental conditions or human pre-
dation affects some habitats more than others. This

could eventually lead to a marked disappearance of
individuals in once densely occupied habitats with
preferred niche characteristics leaving only remnant
populations in habitats with less favourable niche
characteristics.

Relative to other continental shelf areas, vari-
ability in temperature off Newfoundland (ranging
from approximately -2°C to +6°C) is much narrower
than is variability in depth (ranging from approxi-
mately 50 m to 1 000 m). This is especially true for
areas deeper than 500 m where a very narrow range
of temperatures of only 4°C to 6°C is observed. As
an important effect of the narrow temperature win-
dow on the Newfoundland continental shelf, ther-
mal niche segregation in fish populations is rela-
tively indistinct. Some species occurring in waters
shallower than 500 m tend to avoid the higher tem-
peratures within the range (Arctic cod, Arctic
eelpout, and northern alligatorfish), others tend to
avoid the very low temperatures (smooth skate,
Atlantic cod, checker eelpout, all wolffish, both
redfish, witch flounder, and yellowtail flounder),
and others seem to occupy equally all temperatures
within the range (thorny skate, capelin, lumpfish,
and Greenland halibut). Although these temperature
preferences are not very sharp, they appear to be
fairly constant throughout the study period. There
is not even one case in our analysis where a shift in
realized temperature niche took place that was not
connected to a shift in depth niche.

In contrast to the relative constancy in the re-
alized temperature niche axis, the realized depth
niche axis often changed noticeably over the 16
years of the study. In half of the species analysed,
a trend towards an apparent occupation of deeper
waters was observed (Fig. 2 to 13). This trend was
most common in abundant species like Arctic cod,
At lan t ic  cod ,  roughhead  grenadie r,  At lan t ic
wolffish, golden redfish, deep-sea redfish, witch
flounder, American plaice, and Greenland halibut.
However, there were some less abundant species
that followed the same trend, i.e. broadhead and
spotted wolffish and northern alligatorfish.

Those species that did not exhibit discernible
shifts in realized niche space were mostly either dis-
tinctly shallow-water fish or distinctly deep-water
fish. The shallow-water category included thorny
skate,  capel in,  Arct ic  eelpout ,  lumpfish,  and
yellowtail flounder. The deep-water category in-
cluded mostly fish that realized a small niche space
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Fig. 3. Realized annual niche space of analyzed species. Temperature categories (1°C width, starting with <-1°C to >4°C) run from the left to the right corner,
depth categories (100 m width, starting with <100 m to >700 m) from the upper corner down. The upper left number in each annual figure indicates
years. The upper right number in each annual figure gives total catch numbers in each year. Annual Ht values are given at the bottom of each annual
figure. Each figure has a unique shape representing the sampled niche space in a given year. White fields indicate space where the species in question
was never caught. Grey fields indicate presence of the species in question. Open circles = avoidance, black circles = preference; small circles = week
avoidance or preference (γ< 0,2 ); large circles = strong avoidance or preference (γ> 0,5 ).

Raja senta Antimora rostrata

    °C  

m
-1 0 1 2 3 4 >4 -1 0 1 2 3 4 >4 -1 0 1 2 3 4 >4 -1 0 1 2 3 4 >4

 

    °C  

m
-1 0 1 2 3 4 >4 -1 0 1 2 3 4 >4 -1 0 1 2 3 4 >4 -1 0 1 2 3 4 >4

1978 367 1979 323 1980 274 1981 186 1978 0 1979 145 1980 266 1981 129
<100 <100

200 200

300 300

400 400

500 500

700 700

>700 Ht� 3.1 Ht� 4.9 Ht� 4.5 Ht� 3.5 >700 Ht� Ht� 1.0 Ht� 0.8 Ht� 0.9

1982 294 1983 274 1984 229 1985 207 1982 263 1983 242 1984 126 1985 290
<100 <100

200 200

300 300

400 400

500 500

700 700

>700 Ht� 3.9 Ht� 3.0 Ht� 3.7 Ht� 2.8 >700 Ht� 1.2 Ht� 1.0 Ht� 0.9 Ht� 1.3

1986 111 1987 115 1988 96 1989 124 1986 121 1987 101 1988 25 1989 24
<100 <100

200 200

300 300

400 400

500 500

700 700

>700 Ht� 3.5 Ht� 2.4 Ht� 3.0 Ht� 2.6 >700 Ht� 0.9 Ht� 1.0 Ht� 0.6 Ht� 0.7

1990 53 1991 77 1992 53 1993 43 1990 181 1991 89 1992 75 1993 99
<100 <100

200 200

300 300

400 400

500 500

700 700

>700 Ht� 1.9 Ht� 2.4 Ht� 3.1 Ht� 2.9 >700 Ht� 1.0 Ht� 1.7 Ht� 1.1 Ht� 0.9
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Fig. 4. Realized annual niche space of analyzed species. Temperature categories (1°C width, starting with <-1°C to >4°C) run from the left to the right corner,
depth categories (100 m width, starting with <100 m to >700 m) from the upper corner down. The upper left number in each annual figure indicates
years. The upper right number in each annual figure gives total catch numbers in each year. Annual Ht values are given at the bottom of each annual
figure. Each figure has a unique shape representing the sampled niche space in a given year. White fields indicate space where the species in question
was never caught. Grey fields indicate presence of the species in question. Open circles = avoidance, black circles = preference; small circles = week
avoidance or preference (γ< 0,2 ); large circles = strong avoidance or preference (γ> 0,5 ).

Mallotus villosus Boreogadus saida

    °C  

m
-1 0 1 2 3 4 >4 -1 0 1 2 3 4 >4 -1 0 1 2 3 4 >4 -1 0 1 2 3 4 >4

 

    °C  

m
-1 0 1 2 3 4 >4 -1 0 1 2 3 4 >4 -1 0 1 2 3 4 >4 -1 0 1 2 3 4 >4

1978 2 1979 5956 1980 12114 1981 15999 1978 274 1979 2748 1980 2395 1981 3449
<100 <100

200 200

300 300

400 400

500 500

700 700

>700 Ht� 2.1 Ht� 0.7 Ht� 1.0 Ht� 0.5 >700 Ht� 1.4 Ht� 1.3 Ht� 1.9 Ht� 2.3

1982 3397 1983 2753 1984 903 1985 8438 1982 3898 1983 2815 1984 2811 1985 15275
<100 <100

200 200

300 300

400 400

500 500

700 700

>700 Ht� 5.9 Ht� 4.2 Ht� 2.4 Ht� 5.1 >700 Ht� 4.4 Ht� 3.3 Ht� 2.9 Ht� 4.2

1986 3441 1987 10954 1988 11892 1989 7975 1986 3079 1987 1945 1988 10435 1989 8079
<100 <100

200 200

300 300

400 400

500 500

700 700

>700 Ht� 3.4 Ht� 3.0 Ht� 2.3 Ht� 2.9 >700 Ht� 3.2 Ht� 2.6 Ht� 2.5 Ht� 3.6

1990 5561 1991 13248 1992 10069 1993 6304 1990 1824 1991 7161 1992 8464 1993 8647
<100 <100

200 200

300 300

400 400

500 500

700 700

>700 Ht� 3.2 Ht� 3.0 Ht� 4.3 Ht� 5.3 >700 Ht� 2.9 Ht� 3.8 Ht� 2.8 Ht� 4.5
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like black dogfish, blue hake, roundnose grenadier,
marlin spike, and Arctic deep-sea sculpin. None of
these species displayed a shift towards more shal-
low grounds. A drift towards deeper grounds in
these species would not have been detected in this
study because sampling effort usually did not ex-
ceed 1 000 m.

For Atlantic cod, shifts in temperature and
depth preferences on the Newfoundland shelf or
neighbouring areas have been analysed before.
Swain (1993) reports age-dependent density/depth
correlation for Atlantic cod in the southern Gulf of
St. Lawrence where younger cod were found in
shallower water than were older cod. He attributed
this pattern to varying strategies of resource utili-
sation. On the Newfoundland shelf, since 1978 the
average age of Atlantic cod has declined steadily
(Hutchings and Myers, 1994). Based on the results
of Swain (1993), a shift in realized niche space to-
wards more shallow waters could have been ex-
pected. However, realized niche space shifted to
deeper areas, indicating that common resource use
strategies probably did not apply in this case. An-
other important species on the Newfoundland shelf
is capelin, a key prey species for many larger ani-
mals, e.g. Atlantic cod. The decline of capelin in
the area since the late-1980s has been discussed as
a possible factor contributing to the decline of At-
lantic cod (Rose et al. 1994). Nakashima (1996)
hypothesises that cooler water temperatures in the
1990s are the predominant reason for changes in
capelin behaviour, distribution, and biology that
have been observed since 1991. We therefore ex-
pected to find capelin in a relatively warm tempera-
ture niche. The contrary was true. Our data indi-
cated that in most years a relatively large tempera-
ture-depth niche for capelin with frequently pro-
nounced preferences for very cold temperatures
below 0°C (e.g. in 1981, 1985, and 1988 to 1991)
and general avoidance of temperatures above 3°C
(Fig. 4).

An interesting question in connection with gen-
eral deep-water shifts regards the trends over time
in the Ht values (Table 1). The Ht value serves as
an indicator for the size/width of the realized niche
space. A large Ht indicates that the species in ques-
tion occupies a broad temperature/depth spectrum
whereas a small Ht points to a sharp selection of a
few particular temperature/depth locales by a given
species. Shifts in realized niche space such as the
observed trend towards deeper waters can be the

result of either niche space expansion or niche space
reduction of the species concerned. An expansion
of realized niche width is caused by more even dis-
tribution over the available niche space, e.g. over
the total depth range, of a species and is indicated
by larger Ht values over time. An increase of Ht
values in connection with deep-water shifts was
observed in only three cases, with statistically sig-
nificant positive Ht trends in Arctic cod and Ameri-
can plaice, and non-significant but still conspicu-
ous positive trends in northern alligatorfish. A re-
duction of realized niche space takes place when a
species no longer occupy once preferred areas with
specific habitat characteristic, e.g. shallow waters,
in which case Ht values ought to become smaller.
In two-thirds (8 out of 12) of the species exhibit-
ing trends towards deeper grounds, the shift in re-
alized niche space resulted in an overall reduction
of its width. These trends are statistically signifi-
can t  in  At lan t ic  cod ,  roughhead  grenadie r,
broadhead and spotted wolffish, and witch floun-
der. Ht value trends in Atlantic wolffish, deep-sea
redfish, and Greenland halibut were not statistically
significant, but still suggested that the realized
niche space was reduced.

Conclusions

The method described allows visualizing depth/
temperature preferences (realized niche space) of
fish populations in a given area independent of their
abundance. Annual plots show that the realized
niche space in various species does not remain fixed
but varies from year to year. During the study pe-
riod, a conspicuous trend towards deeper water was
discernible in many species, which may be con-
nected to changes in the environment or to declines
in fish abundance. The period 1978 to 1993 was one
during which disturbance, from declining sea tem-
perature and heavy fishing effort, increased across
the Newfoundland shelf ecosystem (Haedrich et al.,
1997, Drinkwater, 1996, Colbourne et al., 1997,
Borovkov  and  S te in ,  MS 1997) .  Mos t  f i sh
populations analysed, including both commercial
and non-commercial species, suffered a decline in
population abundance or average size of individu-
als, a fact that has been reported in a number of
studies (e.g. Sinclair and Murawski, 1997, Haedrich
and Fischer, 1996, Taggart, et al., 1994, Haedrich
and Barnes, 1997, Bowering and Brodie, 1995).

Ht values reflect the width/size of realized
niche space. The analyses showed that the observed
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trends towards deeper water were mostly accom-
panied by a significant reduction in the size of re-
alized niche space. We thus conclude that trends in
Ht  va lues  can  be  used  as  an  ind ica tor  fo r
displacements and changing habitat occupancy by
continental shelf fishes.
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