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~Introduction

ne fisheries is usually complicated by
fic species interactions. Within these broad

groups, interactions can be categorized into competition, predation or

coexistence models (Pielou 1974)
af these categories in regulatin
environmental variables (Overnol

Recent studies of possible
catches or abundance are many an
Halliday (1976), Lett and Koelle
raviewed the effects of temperat
various commercial fish species
relationship between temperature
(1981) reported a significant co
witn both bottom temperature and

Perians the most comprehens
factors on the distribution of S
(1982). He showed that gadoids,
different depth, temperature and
those of silver hake and redfish
factors it would be possible to
interacticns. However, in many
within a defined space or commun
univariate cbservations.

The study of possible specié
heuristic approach is employed
ecologists to examine diverse "p
1967, Backham and Noris 1970, an
species respond to environmental
interactions will provide insign

a
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In a multidimensional forum, the role of each
j a dynamic community is often confounded by
z 1982).

relationships between temperature and species

1 varied in their approaches. Doubleday and

~ (1978), and Loucks and Sutcliffe (1980)

re on recruitment and resultant stock sizes for
n the westarn Atlantic., All indicated a direct
and/or recruitment and stock sizes. Mohn
rrelation of research vessel squid catch per tow
depths fished on the Scotian Shelf.

ve descripticn of the influence of abiotic
otian Shelf fish species was presented by Scott
such as cod and haddock, prefer similar but
salinity ranges that are quite different from
If species can be aggregated by abiotic
rovide insight into niche diversity and
ituations the interaction of several species
ty is not easily identified in terms of these

s interactions may be more enlightening when
Such techniques have been applied by plants
Tythetic" communities (Greig-Smith et al.
terBraak 1983). Studies of how and why fish
parameters, plus their interspacific
into the managenent of fisheries,

This paper deals with a mulﬁivariate analysis of selected Scotian Shelf

a

fish species, with a view to idei

interactions.
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Methods

Background to Analytical Technique

The interaction of several species could be investigated using simple
association analysis techniques such as chi-square of presence or absence
between pairs of species (Pielou, 1974). However, once the number of species
increases beyond two, the number of ‘possible combinations of 2 x. 2 tables is
K (K-2)/2 where K represents the number of species, To investigate the possible
associations between the more common demersal finfish and invertebrates, 40

"tables, or-more, would be required.

Species associations based on Slmp]e ch1-square tests are confounded by
- .spatial and temporal parameters of the species or comunity being investigated
“(Pielou, 1974) Patchiness of species can also bias the -interpretation of
results since: the chi-square test is directly ‘affected by the number of sampling
stations where neither species is present (Pielou, 1969). Moreover the
boundaries of a part1cu1ar sampling prog:am can influence the outcome of these
ana1/)1s. : :

. The ‘use of -regression analysis alone, to evaluate species assoc1atlons
also ‘has problems similar to those outlined for the chi-square technique.
‘Further, null observations of one. species: w1th1n a-sampling unit can often
~produce a w1s1ead1ng answer in the. gression. By themselves association and
~univariate correlation tests.-are seldom of" prlme dnterest. Of course they can
allow fhe researcher to take the 1n1t1dl“steps in tPStlng a basic hypothesis.
‘Buta knowledge of - species 1nterartlons, and ‘the influence of environmental and
trophic. variables are: nPCGSSdry to 1nternrot any,sfaflst1(61 results within an
eco]oqw(a1 framework . R B

: A]though the above tPchnlques are often Lqed in interaction studies there
‘are less cumbersome methods to: accomp11sh the analysis. These techniques are
classed as multivariate analsts. I

Investlgat1on of ‘species interactions requires a.definition of the
biological space occupied by the species of interest. Classification of
-’Communities may be ‘approached using -a cluster analysis of various. indices such

g ,
‘as proport1onal similarity (PS=2 % min{xiv, il!p or its converse the

AN z z
dissimilarity indices. ~Examples of the latter include the Euclidean distance:
20 3 s
dij = 2 7 Bivhye)
aﬁd the Bray Curtis-distance:
v Xy - Xy I
(X +x )

in which Xy and Xjy denotes the amounts of species V in the b1o1og1ca1

spaces 1 and i S”is the total number of species in the two spaces combined.
Clustering of tne sampling units in a multidimensional coordinate framework is
successful if the points fall within several compact, widely separate groups
(Pielou, 1969). Such a pattern seldom emerges in natural populations and most
classifications are arbitrary. v

A solution to thnis prodblem is to ordinate the sampling areas rather than
rigidly classify them. This techique, principal component analysis (PCA),
consists of plotting the points in as few dimensions as possible which account
for most of the variance. The main advantages are that this technique obviates
the need for setting up arbitary criteria for defining the groupings and there
e no need tooassume Lhato distinclt groaps ace herarchically related,

This particular paper uses PCA to investigate biological space. Then
within that defined space a canonical correlation analysis (CCA) of the
biological parameters for various species will be conducted to study the




abiotic-biotic interrelationships.

CCA is similar to PCA except that it

attempts to maximize the amount of the relationship between two sets of

variables rather than maximizi
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correlation matrix.
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Research vessel data from the Scotian Shelf were analysed in this study of

interspecific species interact
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sumner groundfish research ve
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jon with environmental variables. These data
ations taken during the 1970-1980 Scotian Shelf
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and later processed at the Bed

Species catches were expf
conversion from weights to nun
cruise. These were standardiz
distance (miles)). Numbers we
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(i1) Trophic data
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sources from species specific
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“herevoce these data may be re
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re used because certain species, most notably
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d and feeding data for the Scotian Shelf. Several
studies have been amalgamated. However, these
ation both spatial or temporal variations.
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for Tater analysis.
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PS = 100 - 0.5 3 |a-b |

where PS = hercent similarity, a = percent occurrence for a given prey group for
predator a and b = percent occurrence of the same -prey group for predator b.

Results

Biological Space Definition

The results from an analysis of the environmental factors using the PCA
technique are presented in Tables 2 and 3. Bottom temperature, sediment size,
and salinity are correlated with all physical parameters (p < 0.1). Both bottom
temperature and salinity have been increasing over the 1970-80 period )
demonstrating a consistent gradient over the Scotian Shelf (Table 2). As
latitude increases (northward) the bottom temperature and salinity decrease. As
longitude increases (westward) both of the above environmental variables as well

~as sediment size increase simultaneously. Thus, moving from Banquereau- Bank

towards the western areas of the Scotian Shelf and into the southern Fundian
Channel, the bottom temperature, sediment size and salinity increase (Figure 2).
Areas along ‘the Scotian Shelf - Nova Scotian coastline have colder more saline

waters than those near the Shelf slope and adjacent areas.

Contours of bott;h temperature and. salinity support the above observations
(Figures 3 and 4). - Water along the Shelf Braak and Nova-Scotian coastline is
colder (1-5°C) than waters in the central portion of the Shelf (9°C) during the
months of July and August. Salinities range between 30 and 34%; with the
middle areas of the Shelf more saline than those along the Shelf Break. There
is a slightly noticeable gradient effect of salinity from Banquereau through to
Browns Bank. ’

The area associated with Sable, Emerald, and the western and eastern parts
of Browns Banks are usually dominated by warm (7-9°C) and saline (34%,) water
during July and August. The Banquereau-and Middle Bank areas have bottom
temperatures in the range of 3~5°C and salinities slightly less (33%; ) than
the other above mentioned area., This would suggest two separate hydrological
areas. !

The depth ranges surveyed (31 to 499, mean = 132 + 74 m) generally
decrrased from Banquereau westward to the: Fundian Channel, = Salinity, bottom
temperature,: and sediment size show positive correlations with increasing depth:
greater depths are associated with colder more saline water. The particle size
of sediment found in deeper areas is in the range of sand or gravel with fine
silt and sandy clay generally found on the Banks (Figure 1).

) The first three components from the PCA of the above environmental
variables account for 72% of the total variance (Table 3). As suggested by the
correlation matrix of Table 2, depth, sediment size, and salinity load more on
the first component explaining approximataly 34% of the total variance o
associated with the research vessel environmental data. The second component
accounts for 22% of the residual variance. Latitude is largely described by the
second component while bottom temperature, salinity, and longitude are inversely
related. The third component delineates the surface temperature variate. The
other’ variables are marginally contributing to the ascribed residual variance of »
the third component (15%). Graphically, these variable loadings show that
bottom type (sediment size) and depth and salinity are strongly loaded on
component 1 -while latitude, longitude, and bottom temperature are loaded almost
equally but of opposite signs on the second component (Figure 5).

A]phoughkthesé results reflect the correlations described in Table 2, the
definition of biological space may be oversimplified. Case loadings for

~ component 1 against components 2 and 3 suggest no clear pattern or clustering

(Figure 6), ‘However, there may be some east-west gradients but these are not
accounting for much of the variance. This places any further studies of :
interactions in this paper within the confines of the Scotian Shelf rather than
within subareas or pockets of the total area surveyed.



Abiotic-Biotic Interrelations

ips

Canonical correlation of
variables is used to identify
the Scotian Shelf. A correlal

environmental (abiotic) and species (biotic)
and describe the significant interrelationships on
ion matrix_ of these variables indicates a large

number of significant correlations (p < .0l) (Table 4). Many of these are
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n this paper.
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(biotic) correlations give some indications of
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species with depth and bottom temperature. = These
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ysis relaxes the multinomial criterion.which most
quire (Morrison 1976), a linear equation may be

variates have a correlation of .723 and .625

the variance respectively. Variates beyond the
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First Canonical Varijate:

.596 yeﬂlowtai] + .377 haddock - .367 redfish - .209 silver hake

Uy =
Vi = .527 depth - .487 salinity - .451 latitude - .330 longitude
Second Canonical Variate
~Up =-.709 haddock + .469 silver hake - ,213 redfish
Vy = ,505 1ongitude + ,390 salinity -‘.298 depth + ,291 bottom temperature

]

A]though biological space was not clearly identified in this study using
PCA there appears to be a gradient of environmental factors identified by the
equations Vi:and Vp above. The first canonical variate suggests a Sable
Island - Banquereau Banks area. The second canonical variate suggests an
Emerald-Browns Banks area.

The first canonical variates (Vq, U;) indicate that in areas where
depth increases and salinity, latitude, and longitude decrease (e.g. Sable
Island Bank)} yellowtail and haddock are found to be strongly correlated with
each other. Conversely, redfish and silver hake are negatively corre1ated with
-yellowtail and haddock but occur in the ‘same area.

The second canonical variate (Vo, Up) describe a gradient of biological

space from east to west on the Scotian Shelf where salinity and bottom

temperature are increasing at shallower depths. The biotic correlations,
batween haddock and silver hake increase while the relationship of redfish to
these two species decrease. Concisely stated, in areas such as Sable .Island
Bank, yellowtail and haddock appear to dominate and have a positive
interrelationship. Of all the species studied, both redfish and silver hake are
generally not present in this defined area. In western areas of the Shelf, such
as Browns Bank, silver hake and haddock are dominant and highly correlated,
Aga1n, redfish is most LOHSPICUOUS by its strong negative corre1at1on w1th these
species in th1s area.

!

Trophic Re]afionships

: Results from historical studies of trophic relationships on the Scotian
Shelf generally ayree in their description of species diet (Table 6). MNewly
collected trophic data however do not agree for cod, pollock, haddock, and. red
hake (Table 7a). This is easily accounted for by the areas sampled. Langton
and Bowman (1980) sampled the western Scotian Shelf while this current study
sampled the total Shelf. Samples for yellowtail flounder have not beén
collected to date. !

The most striking observation from these data are the heavy consumption of
crustacea, espec1a11y euphasids by haddock, poliock, and silver hake, and the
Tow pe"centage of silver hake stomachs wn1ch demonstrate cannibalism.

~ Diet similarity indices (Table 7b) show the relative degree of competition
betwaen species for the same food items,

Discussion

The interrelationships between the major groundfish and squid species on
the Scotian Shelf have been reported by only a few authors. Knight and Tyler
(1973) suggested a species assemblage structure for the Sable Island, Roseway
and general deep Plains areas. These authors argued that species. groups were
found to cluster in distinct geographic assemblages which provided some benefit
to the resident species. ~Those benefits were not explored.

Hare (1977) and Scarratt (1980) preseénted, synoptic overviews of single
'species distributions. These plots provide a useful back drop to this study by
<illuminating those areas where species do co-occur and may be interacting. The
most noteable work has been done by Scott (1976, 1982). In these papers, Scott
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‘not suggest competition for food resources (Table 7b). Silver hake are known to
spawn in the shallow waters of this area during the July-August period (Noskov
et al., 1982). This could account for the high correlation between the two
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Table 1. Scotian Shelf bottom|(sediment) types expressed in percent Composition
and Mean Rank (data jnterpreted from King 1967).
. PARTICLE SI1/0
Map Gravel Sand STt Clay ™
Class Code % % % %
Emerald Silt 5A 0 30 25 45
58 15 50 25 10
Sambro Sand 6A 10 60 15 10
' 68 20 50 20 10
La Have Clay 7A 0 0. 75 25
78 0 0 25 75
Sable Island 8A - 25 75
Sand 88 75 25

Ranks: Gravel = 4, Sand = 3

Silt = 2, Clay = 1
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Table 56. Standardized canonical coefficients (mean zero, standard

deviation one) from analysis of July-August 1970 1980
. research vessel cru1ses

UmkTe Eoux

STANDA OI7FD CﬁFfFIC'CMTS Foe CANJNICAl VARTARLES FNR FIPST SFT OF VARTABLFS

e e e . e e e e e e e e e e s e s e e e e e e e e e e e s e e e se s —s e ee ==

CNVRE1  CNVRF2  FNVRFA_ CNVRF&  CNYPF5_ FNVRFA  CNVRF7  CNVRES

poaNses T

KS =209 o459 XY =e402 +396 «515 ou%0  i=R3
Qr -e220 CelRS e 575 =:2286 ~0221 =o4b]l =2
OD « 180 =o193 -el37 : e24° -0 23R s 70 ~o 184 °‘Zq
AD a3 709 BRI R P ~,4132 - N2R -0222 527
UK -.08‘3 w171 =02 N& . o':’l“ 0 hQ2 2029 =205 ,’4
KR .. .0"2 0% 'L?] n"“g N °0307 cll’ e’sq ;'1
EL e EQR ~s146 o512 =o126 o 2RA ~.1356 -.064 441
ED =¢3KQ =213 372 =g 2lF ~.369 0279 =296 265
~STANBARDIZED ' SET 0F VARIARLFS

> o e e 2 e i e 0 e e D D O > P D D D S D

CNVRST  CNVRS? CCHVRSA  CNVRS4  CNUKSS. CNVRSA  CNVRST_  CNVRSS

e L a8l L1360 =g2%9 =149 D422 =,238 . =360

. 4 e 152 s 1'A3 =062 ahET -a487 0 QLS «530 0364
v -6451 -e1l78 =9 328 ohz1 =220 0939 =-.670 <006
L -52320 o SNF =1.073 -,0 1 -.503 o512 =02H9 =560 !
D =27 —-e79R CelAR =1sC1"8 =, 704 <389 o 664 2608 !
T WN1T 0103 0 ldd -0 b2 =o&35 0419 eN21 =oR4T::
T 0077 o?gl ."'U ’l,qn unnl o?l" .053 g" 9
] =099 - -e137 o125 489 o785 ~-e?7383 611 ,=4¢809
s" = 4RT7 « 390 =,00% 2979 -s0468 ‘ef".6 "1.1"6 ".&'o 3

1. CNVRF;::;]hS;first canonical variate coefficients for the first set of variables. e

CNVRSI = The first canonical variate coefficient for the second set of variables.
2. - Temps = surface temperature BTMT = sediment type -
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~ Table 5b. Eigenvalues for canonical correlation analysis of abiotic and
‘ biotic variables.
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Table 7a. Percent (occurence) of prey species in predators from the Scotian Shelf during the
period 1980-83. Data. from Observer Program.

Prey/Predator. ~~ Cod Haddock Pollock Silver Hake _Red Hake Redfish
Polychaeta 3.6 (24) 18.1 (61) 3.2 (2) .2 (3) 6.1 (2)
Crustacea 17.9 (120) 50.0 (168) = 62.0 (39) 88.0 (1526) 30.3 (10) 43.3 (13)
‘Mollusca 12.7 (85) 30.8 (104) 6.4 (4) 3.2 (56) 21.2 (7)
Gastropoda 4.5 (30) - 12.4 (42) . ’
Cephalopoda 8.2 (55) 8.6 (29) 6.4 (4). 3.2 (56) 21.2 (7)
Echinodermata 2.8 (19) 9.8 (33) ' : .
Pisces : 6.3 (42) 1.8 (6) 6.4 (4) 1.7  (30) 18.2 (6)
Clupeidae ‘ .1 (1)
Gadidae :
silver hake 6.0 (40) 1.2 (4) 6.4 (4) 1.6 (27) 18.2 (6)
cod » 3 (1) .1 (2)
haddock 30 (2) 30 (1)
Other pisces 33,1 (222) 30 (1) 4,9 (86) 3.3 (1)
Ammodytidae .- 32.5 (218) ) 2.1 (37)
Scorpaenidae 57 (3) 30 (1) o2 (4)
Myctophids .2 (1) 2.6 (45) 3.3. (1)
Unidentified :
Pisces 6.4 (43) 23.1 (78) 28.6 (18) 7.3 (127) 60.6 (20) 13.3 (4)
Fluid . 1.6 (11) 22.2 (75) 2.5 (43)

Total stomachs 671 ‘ 33é 63 1740 . 33 30

Table 7b. Diet sim11arity1 (percent) of mainf finfish and squid on the Scotian Shelf.

Cod Haddock  Pollock Silver Hake Red Hake  Redfish
Cod X
Haddock . v 37.15 X
Pollock ~ 45.50 64.25 X
Silver Hake 40.25 43.10 68.45 X
Red Hake 37.30 47.35 53.40 21.85 X ‘
Redfish  56.25 60.00 73.35 71.30 45.45 - X
squid2 - 55.65 69.70 . 53.15 52.80 43.85  73.40

1o Similarity = 100 - 0.5 I | a-b |

2 Squid data from Amaratunga et al. (1979). Remainder of species data from Table 3(a).
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