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ABSTRACT ceABsd D/ e

woral Patterns of Grpundfish
. Can. Tech. Rep. Fish. Aquat.

Mahon, R., R.W. Smith, B.B. Bernstein, J.S5. Scott. 1984, Spatial and
Diszribution on Zﬁ% Scotian Shelf and in the Bay of Fundy, 1970 -
Sci. 1300

The spatial and temporal patterns of groundfish distributio ay
were explored using cluster an&igsas to define site and species Qr s and di;ﬁf?fiﬂ&ﬁt analys £0
determine which en V?T?%ﬁ%ﬁ?ai variables gave the greatest amount of separation of i groups. Of 92
demersal fish species observed in the 12 year traw! survey series, 31 were incliuded in the analysis. The

ne Scotian Shelf and the Bay of Fundy
lysis

envirgmmental data used were: depth, salinity, temperature, and sediment type. A new 77ter~»ang%e distance
index was used and is described in detail. The inter-species distances were estimated using the two-step

method based on the Bray-Curtis index.

The first approach was to carry out 3ﬁ9&rata analyses for each of twelve summer, three spring and three
fall surveys. Subseguent analyses were aimed at synthesizing these Tndividual survey analyses and at
gaining 2 temporal perspective.

The striking observation on the analyses of the summer surveys in the similarity of speciss and site
groupings from year to year. The relative lmportance of envirgnmental variables in providing site-group
separation was also consistent through time, as were the relative envirgmmental preferences of the
individual species.

in the final stage of the analysis sites were aggregated within sampling strata and cﬁustnred on the
basis of similar species composition within years, Groups Gf strata were defined on the basis of the above
procedure and the geographic proximity of the strata. Then, using the stratum groups in each Gf the twelve
years as input a further f?usiﬂr analysis was carried out. In general the same stratum groups tended to
cluster together through time {i.e. basins clustered with basins and banks with barks). Discriminant

alysis of these stratum {year groups Tound the same configuration of environmental variables as had
emerged in the year by year analyses. Depth and sediment particle size contributed primarly to the first
discriminant axis, temperature to the second, with salinity contributing equally to both axes.

The overall picture is one of a system in which the species distributions are strongly aligned with the
physical environment, and consistent through time. The possible value of this consistency in fomulating a
multispecies management approach s discussed.

RESUME
Mahon, R., R.W. Smith, B.B. Bernstein, and J.S5. Scott. 19B4. Spatial and Temporal Petterns of Groundfish

Distribution on the Scotian Shelf and in the Bay of Fundy, 1970 - 1981. Can. Tech. Rep. Fish. Agquat.
Sci. 1300

On a exploré les structures spa elles de la répartition des poissons de fond sur le
plateau continental de Scotian et da o Pour ce faire, on s'est servi de 1'analyse par
grappes pour définir les groupes d'e endroits de prélévement et de Vanalyse
discriminante pour déterminer que%?e rales permettaient d'obtenir la plus importan
differenciation des groupes d'endry Sur %es 92 espéces de poissons benthiques Dbsefve S

s%r%aég de douze ans, 31 espdces ont 21é touch&es dans

ont été la profondeur, la salinitd, la température et |
des distances entre les prélévements d’&chantillons, qui
istances @Qu?% les espéces au moyen d'une méthode en deux temps se

5
<
%
au cours de la série de relevés par ¢
Planalyse. Les données %mvaraﬂﬂ@mpni
type de sédiment. On s'est servi d'un
est décrit en détail. On a év&%aé le
fondant sur 1'index de Bray-Curtis.

La premiére Btape consistait d effectuer des analyses distinctes pour chacun des relevés réali sés a
cours de douze &s, de trois printemps et de trois automnes. Les analyses auxquelles on a procéde ensul
étajent axBes sur la synthése des analyses de chaque relevd et sur !'obtention d'un point de vue temporel.

L ‘observation frapp a&ze qui se dégage « lyses des relevés d'8tE est la ressemblance des groupes
d'espéces et des groupes d'endroits de wweigvmweﬁt d'une année 3 1'autre. L'importance relative fes
variables environnementales dans 1'obtention d'une différenciation des ¢ groupes d'endroits de prélévement se
maintient elle aussi dans le temps, coumwme d'ailleurs Tes préférences environnementales relatives de chague

espeéce.







INTRODUCTION

At present Canada’s Atlantic fisheries are
managed on a stock-by-stock basis. There is,
however, general recognition that interactions
among species are an important factor which
should be considered in the management of
fishery resocurces {Hobson and Lenarz 1977,
Mercer 1982}). There is a variety of multi-
species approaches to management, a1l of which
are in the early developmental stages as regards
thelr practical application. In the simplest
situation there may be no biological inter-
actions among coexisting species which are
fished together, but there may still be trade-
offs in optimizing the combined yield of the
species or in conserving one or more of them
{Murawski 1983}, Another approach, analogous to
a single~species surplus production model,
incorporates the inter- and intra-specific
responses of the coexisting populations, but
does not account for them explicitly, consid-
ering only the production and yield of the
assemblage as a whole {Pauly 1979, Halliday and
Doubleday 1976}. More detailed approaches may
attempt to account explicitly for the effects of
predation, competition, and environmental
factors, and to develop systems of interacting
single species models {Anderson and Ursin 1977,
Pope 1982).

Regardless of approach, one common problem
is the delineation of the community or assem-
blage for which the strategy should be
developed. Marine systems are particularly
problematic in this respect as they are largely
“open systems” and it is necessary to consider
both internal interactions and external
influences. Ideally, the assemblage should be
defined in such a way as to minimize the
external influences. However, for an area such
as the Scotian Shelf 1t is by no means obvious
how to place divisions which would be both
ecologically meaningful and relevant as manage-
ment units.,

One approach has been to look for combin-
ations of species that consistently occcur
together through time. If such assemblages are
found to be spatially distinct and temporally
stable, then it can be assumed that the species
are reacting to some common physical or biotic
environmental factors, and their potential as a
management unit can be further explored.
Classification {or cluster) analyses are most
appropriate for defining assemblages {Tyler et
al. 1982} and have previously been used for
demersal fishes off Oregon {Gabriel and Tyler
19807 and on Georges Barnk {Overholtz 1982).

An earlier analysis of assemblages on the
Scotian Shelf, based on one year's data with
Timited geographic distribution, was promising
{Knight and Tyler 1973). In this study we will
further explore the possibility that there ars
natural assemblages of demersal fishes on the
Scotian 5Shelf, and the distribution and temporal
stability of any such assemblages. We will also
attempt to relate these findings to available
information on the physical enviromment. The
study will be based on a 1Z2-year time series of
75search vessel groundfish surveys on the
Scotian Shelf and in the Bay of Fundy,

HMETHODS
THE STUDY AREA

The area under consideration is the entire
Scotian Shelf, it's slope, and the Bay of Fundy
(Figure 1. The following description is
summarized from Uchupi (1968) and Heezen et al.
(1969). The shelf is about 690 km Jong and from
110 to 120 km wide. To the northeast it is
separated from the Grand Banks of MNewfoundland
by the Laurentian Channel. To the southwest,
the Northeast channel separates it from Georges
Bank. The topography of the Scotian Shelf is
complex, as s typical of glaciated shelves
{(Uchupi 1968). Along the shore is a rocky zone
about 30 km wide. Seaward of this zone is a
relatively flat area of intermediate depth (100-
150 m} in which are several deep basins. OF
these, the largest are Roseway (185 m), LaHave
{269 m} and Emerald {291 m) Basins. Towards the
northeast the basins are particularly dendritic.
Along the outer margin of the shelf is a series
of flat topped banks of various sizes, separated
by low saddles.

In the Horthwest the study area includes
parts of the Georges and Jordan Basins, and the
entire Bay of Fundy which is about 250 km Tong
and from 50-100 km wide. Depths in the latter
range from about 50 m near the head to about 150
m near the mouth where there are a few deeper
holes,

The circulation and water characteristics
of the Scotian Shelf are compliex, in keeping
with the topography, and the fact that the
waters originate from three main sources; run-
of f from the Gulf of S5t. Lawrence, the Labrador
Current, and Horth Atlantic water {Houghton et
al. 1978, P, Smith pers. comm.}. The jast of
These includes water from the Gulf Streanm and
the central North Atlantic. In summary,
Labrador Current water enters the Gulf of 5t.
Lawrence where it mixes with the runoff water,
then flows out through the Cabot Strait and
along the Scotian Shelf parrallel to the coast
as the Nova Scotian Current {Sutcliffe et al.
1978}, The fate of this water as it moves onto
the southwestern half of the shelf is poorly
known. Some is apparently diverted off shore
{Smith 1979} and some continues along the coast
turning north west around the south west tip of
Nova Scotia,

The water of the Nova Scotian Currens is
relatively cold and fresh. As it moves a2 ong
the shelf 1t mixes with warm saline water from
the shelf stope, particularily in the regiem of
the %cstiaﬂ Gulf at mid-shelf {(Houghton et al.
1978}, -

In the Bay of Fundy, water from the 3asif of
Maine enters on the south side and exits 1 Tong
the north shore towards Cape Cod (Bigelow 1927},
One of the most prominent features of the Bay of
Fundy s extensive tidal mixing.

This account is intended only to introduce
the reader to the study area. Further der;ails
of the physical oceanography of the regior are
available in, and in references cited by,
Sutcliffe et al. (1976},
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The following is a stepwise overview of the
anatysis which can be considered in two parts:
the first is the survey by survey analysis,

OVERVIEHM

the

second is an attempl to combine surveys and thus
cut across time in a

single analysis,

STEP

BESULT

52}

$3)

55}

36)

S7)

$10)

5119

5$12-517)

species and site selection

transformation and.standard-
ization of species abundance
data

estimation of missing values
for environmental data

estimation of intersite
and interspecies {relative
habitat preference)
distances

clustering of-species and
sites, and ordination of
these within the constraints
imposed by cluster structurs

assignment of sites and
species to groups on the
basis of results 3 and 4

discrimination among sites
groups on the basis of
enyironmental variables

calculation of discriminant
axis scores for each site

calculation of standardized
values for each species and
envirpnmental variable at
each site

summarization of species
groups across all years

summarization of spatial
units [sampling strata)
across all years

repetition of steps 4 to §
above using aggregated

spatial units in each year
as sites i.e., including all
years in a single analysis

DATA PREPARATION

R1)

ANALYSIS OF EACH SURVLY

R2)

R3)

R4)

R5}

R6)

R7)

R8)

ANALYSIS ACROSS SURVEYS

RY

A

R10)

R11-R17)

matching matrices of sites
{trawl sets) times species
and sites times environmental
data

distance matrices

sites and species dendrograms

two~way table of standardized
species abundances at each site

site and species groups

discriminant space determined
by the discriminant functions

sites and site groups displayed
in discriminant space

gradients of environmental
variables and species
abundances in discriminant
space

overall species groups

stratum groups

same as results 2 to B
above but showing inter-
relationships of spatial
units through time and their
relationship to the physical
environment




DATA PREPARATIOHN
Fish Distribution

The data to be analysed are the catches
taken on research vessel groundfish trawl
surveys of the Scotian Shelf and Bay of Fundy
{Table 1}. A stratified random sampling design
was used in these surveys, with stratification
by depth and geographic location {(Figure 21.
Further details are given by Doubleday (1981)
and by Halliday and Xoeller (1981}. For the
summer surveys, A.T. Cameron, a Yankee 36 trawl
was used, whereas for the spring and fall
surveys, Lady Hammond, a Western TIA trawl was
used.

The target duration {on bottom) and average
speed for each tow were 30 minutes and 3.5
knots. This gives a 'standard tow' of 1.75
nautical miles. When duration or speed varied
from the target values the catch of each species
was adjusted to catch per ‘standard tow' by the
factor 1.75/actual distance towed.

Selection of Sites and Species

Only trawl tows within the area comprising
strata 40-95 {(Figure 2J, Scotian Shelf and Bay
of Fundy, were used in this anlaysis. Tows
wnich were less than 20 minutes in duration were
excluded.

There were 91 demersal fish species {or
groups of species} in the tows which were
retained for analysis {Table 2}. This excludes
several invertebrates and pelagic fishes
commonly taken in these surveys. Of the 94
demersal species, only 31 were considered to be
sufficiently abundant to be included in the
analysis. These were all species which
contributed more than 0.1% to either total
numbers or total weight, or more than 0.05% to
both total numbers and total weight. These
species are underiined in Table 2 which shows
total numbers, total weight and total number of
occurrences for each species over all surveys.

Table 1., Details of the surveys included in
this analysis. There are two cruises per
survey.,

# of Stations

Cruise ID Dates analysed
ATTS7AT July 6-July 31 1970 67773
Al88/A189 June 28-July 22 1§71 52/61
A200/A201 June 23-July 19 1972 656/%
A212/8213 July 9-August 3 1973 65/78
AZ25/8226 July 8-August 3 1974 80/80

A236/A237 July 15-August & 1975 72/71
AZ50/A251 July 12-August 5 1976 64/77

A265/AZ66 July 9-July 30 1977 91/54
AZ7978280 July 9-hugust 4 1578 79763
AZ292/A293 July 6-July 27 1979 86/72
A306/A307 July 7-July 27 1980 63/85
A321/A322 July 4-July 25 1981 76774
HO13/HO14 March 5-March 29 1979 47773
HO26/H027 Oct. 15-Nov, 8 1979 68/70

HO33 /HO34 March 5-March 27 1980 49/58
HOAZ /HOAS Sept. 30-0ct. 22 1980 69772
HOA8/HD49 Feb. 23-March 19 1981 73748
HO&4 /HOBS Sept., 30-0ct. 22 1981 64 /65

Depth, Temperature, and Salinity

The average depth of each fow, as
determined by echosocunder, was used. Bottom
temperature was determined by mechanical or
expendable bathythermograph and by reversing
thermometer. Salinity was determined by
titration or with a conductivity salinometer.

Sediment

In order to assign sediment characteristics
to each station, we used a series of charts
delimiting the areal extent of different
sediment types on the Scotian Shelf (King 1971,
Fader et al, 1982, Fader et al. 1977, King 1970,
MacLean and King 1971, Maclean et al, 1977).

The approximate amounts of gravel, sand, silt,
and clay in each sediment fype {King 1967) are
shown in Table 3. Because of the apparent
variability in and uncertainty about the
percentage contribution of each size fraction
to each sediment type, we ranked the sediment
types within each size fraction cccurring in
each sediment type. For example {Table 3},
Sable Island sand and gravel [(75% gravel!
contained the most gravel and received the
highest rank for this size fraction, but
contained no silt or clay, and thus received the
Towest rank for these size fractions. We
emphasize that percent composition was ranked
across sediment types and within size fractions,
and that a "rank” of zero was given to size
fractions with a value of zero. In addition the
size of the different fractions {gravel, sand,
silt, clay) were expressed as consecutive
integers {4,3,2,1). We felt that the uncertain
nature of the data did not warrant more exact
guantification.

Table 3. The percent contribution of each
sediment fraction to each sediment type (above
stash} and the rank of each sediment type within
components {below slashl.

ediment fraction
Sediment Gravel Sand 571% Clay Mean
type {47 (3) {2} (1) size S.D.

Sable Island
sand and gravel

{ 50% gravel) 75/7 25/2 0/0 0/0 3.78 0.42
{undet) 25/5 7577 070 G/ 3.42 0.42
{ 50% gravel) 50/6 50/4 0/0 0/0 3.80 0.49
Sambro sand 15/ 6876 13/4 4/4 2.56 1.07
Scotian Shelf
drift 3/3 6475 17/5 1675 2.3%3 1.05
Laurentian
silt 0/0 3073 47/7 23/6 1.81 0.73
Lahave clay 0/0  3/1 39/6 58/7 1.57 0.62

These data were then used to calculate the
weighted mean and standard deviation of seiiment
size. The ranks within each sediment size
fraction (Table 3) were used as the weights.
Table 4 shows the correlations among the
sediment variables.




on

Table 2. The total adjusted numbers and weight {kg) caught and the frequency of occurrence of groundfish
species on the Scotian Shelf in the summer surveys 1970-1981 and the spring and fall surveys 1979-
1981 {species names refer to the numbers column only, the weight and freguency volumns are reorded.)

odes  Wumbers (odes Weight [odes Freguency

23 169061 i1 9103 10 1792

11 130403 10 6870 201 1790
14 82184 23 5963 40 1766
American Plaice 40 66028 220 26493 il ié&}
VelTowtail Flounder Limanda Ferruginea 42 60126 16 2438 41 1105
Atlantic Lod Gadus morhua 10 59255 40 2145 i4 19é§
Northern Sand Lance “Fmmodytes dubius 610 24550 12 1803 12 185§
Thorny Skate Raja radiata . 201 18438 201 1795 23 974
White Hake Urophycis Ténuis 12 16498 42 1512 42 886
Longhorn ScuTpin Wyoxacephalus gctodecemspinosus 300 13882 14 1413 300 807
Spiny DogTish Squalus acanthias 220 12742 204 792 202 zgf
Witch Flounder “Glyptocephalus cynoglossus 41 12416 41 620 400 05?
ETTantic Argentine Avgenting s3luc 160 9592 400 554 1 559
PolTock PolTachius virens 16 8264 59 426 50 542
Longfin Hake Trophycis chestert 112 7989 15 358 320 513
Winter Skate ¥aja oceliata 204 3867 30 333 30 504
Winter Fiolnder Pseudonleuronectus americanus 43 3188 300 286 204 403
Red Hake Urophycis ChUss 13 2642 160 222 15 401
SHoOLh Skate Haja senta 202 2611 320 219 220 381
Vah1's Eelpout Lycodes vahiii 647 2394 43 198 160 375
Sed Faven Hemitripieris americanus 320 1808 202 125 640 370
MaiTed Sculpin  Tvr{gTops murrays 304 1711 610 82 13 281
ATTantic Woiffish Anarhichas Tupus 50 1645 117 75 43 257
AngTer Lophius americanus 400 1528 640 73 112 255
Cusk  Brosme brosme 15 1197 1 71 304 228
AtTantic HaTibuT Wippoglossus hippoglossus 30 1159 200 50 410 175
e4n PoUL MACrozoarces americanis 540 1087 203 38 114 115
Common Grenadier Wezumia bajrdi 410 91 647 33 241 109
Eelpout  Lycodes spp. 642 966 501 31 647 97
Little Skate Waja erinacea 203 496 19 30 306 92
Arctic Hookear SCUlpin artediellus uncinatus 306 478 6472 20 203 91
Atlantic Hagfish Myxine glufinosa 241 2z 3 20 842 86
Offshore Hake MerTuctids alBidus 19 316 221 11 31 83
Arctic Eelpout Lycodes reticulatus 641 267 641 7 501 74
Fourbeard Rockling Lnchelyopus cimbrius 114 255 52 7 610 ﬁf
Blackbelly Rosefish Helicolenus dactylopterus 123 249 143 5 641 §§
! nany  Lumpenus maculatus 623 208 51 5 19 i

Tibul  Reinhardiius Rippoglossoides 31 204 410 3 340 Qz

W Scophthalmus aquosus 143 187 150 1 123 47
Black Dogfish Centrosycilium Fabricii 221 167 122 1 143 40
2174 . 351 129 611 1 823 37
Ba j 200 122 304 0 622 33
fer "Titharichthys arctifrons 44 120 241 0 351 32

idophoroides monopterygius 340 07 114 0 150 31

erus TUmpus 501 90 306 4] 200 26

senus Tumpretasformis 522 87 623 0 830 26

Microgadus Tomes 17 47 340 o 701 15

priTus triacanthus 701 35 622 0 3% i3

néye  CRTorophtnalmus agassizi 156 35 44 o 414 i3
Coryphagnc) des rapestris 414 34830 o 742 11

Radiated Shanny [lvaria subbifurcata 625 34 350 0 156 10

Atlantic Poacher "AGORUS dBcagonus ( 350 33 351 0 625 10
Wrymouth  Cryptacanihodes macuTatus 630 3z 701 0 51 9

Cunner  Tautogolabrus adspersus 122 31 502 0 122 7

Atlantic Batfish Uibranchus atlanticus 742 22 603 0 221 7

Batfishes Ogeocephalidae 694 19 83 0 603 !

T Lycenchelys verriili 603 13 240 8 52 /

Lumpsucker Lumicrotremus spinosus 502 12 414 0 502 b

iffish  Anarchichas minor ) 51 12 505 G 240 6

: culpin Myoxocephallus scorpius 301 12 742 it 301 5

Fourline Snakeblenny TUmMESOgrammus prascisus 626 12 181 0 53 4

Northern Wolffish Anarhichas dénticulatus 52 9 155 0 505 4

Lamprey Petromyzon marinus 240 3 301 0 155 4

Polar Sculpin ColfuAculus microps 07 g 307 0 307 4

Longtooth Anglemouth  Gonostoma elonagatum 155 & 115 ¢ 594 4




Table 2. ({Cont'd)

pecies odes Numbers (odes Weight C(odes Frequency
Threebeard Rockling Gaidropsarus ensis 115 5§ 118 0 616 4
#Miller's Pearlside MaurolicuS muelleri 158 5 158 0 17 3
Horthern Searobin Prionptus carolinus 338 5 625 0 118 3
Gelatinous Seasnail Liparis xoeroedi 505 4 543 0 159 3
Boa Dragonfish Stomias boa ferox 159 4 694 0 330 3
Roughhead Grenadier Wacrourus berglax 411 4 158 0 626 3
Fish Doctor Gymnelis viridis 616 4 617 0 643 2
Greentand Cod Gadus ogac 118 3 620 0 158 2
fsmarks Eelpout  Lycodes esmarki 643 3 621 0 617 2
Common Wolf Eel Tycenchelys paxillus 617 2 14z 0 744 2
Mewfoundland Eelpout Lycodes lavalaei 620 2 180 g 727 Z
Rock Gunnel Pholis gunnellus 621 2 205 0 741 2
Stout Beardfish Polymixia nobilis 744 2 330 0 142 1
White Barracudina HNotolepis rissoi 727 2 33 0 180 1
Fourspot Flounder Paralicthys oblongus 142 1 411 0 205 1
Spinytail Skate Raja spinicauda 205 1 412 0 331 1
Armored Searobin ~ Peristedion miniatum 331 1 413 o 411 1
Roughnose Grenadier Trachyrhynchus murrayi 412 1 504 0 412 1
tongnose Grenadier C(oelorhynchus carminatus 413 1 507 0 413 1
Striped Seasnail Liparis Tiparis 504 1 616 0 504 1
Longfin Seasnail Tareproctus longipinnis 507 1 626 0 507 1
Cardinal Fish Epigonous denticlatus 677 1 677 0 677 1
American John Dory Zenopsis ocellata 704 1 704 0 704 1
Short Barracudina Paralepis atiantica 711 1711 0 711 1
Barreifish Hyperoglyphe perciformis 743 i 712 0 743 1
Beardfish Polymixia |owel 771 1 727 0 771 1




fable 4. Corvelations among the sediment
variables.

Table 7. Sceres for each sediment type on the
three composite sediment variables.

Mean

Clay S5ilt  Sand Gravel Size

517t .98 1,00 -0.30 0,83 0,97
Sand -0.35 0.3 1.06  0.34 0.31
sravel -0.83 -0.93  0.34  1.00  0.97
Mean Size «(3.99 -0.87 0,31 0.%7 1.00
$.0. 0.62 0.6 0,28 -0.38 -0.55

The high intercorrelations prasent {Table
4} can cause computational problems in some of
the analyses, and can also make interpretation
more difficult. We therefore transformed the
sediment data to three new independent variables
with principal components analysis {Looley and
Lohnes 1971}, The scores on the first three
axes were used as values for these new
variables. The percent of variance in each axis
is shown in Table 5.

Table 5. Percent variance of principal
components.

ergent of total

PC Eigenvaiue variance
1 L, 0UU Rt

z 1.096 18.27
3 1.278 21.31

These axes can be interpreted by examining
the correlations between the sediment variables
and the principal component scores on each axis
{Table 6). The first principal component is
highly corvelated with gravel and mean size and
highiy negatively correlated with clay and silt.
Thus, samples with generally c¢oarser sediment
will have higher scores and those with finer
sediment will have lower scores on principal
component axis 1. We call this variable
SEDSIZE.

Table 6. Correlations of the sediment
variables with the first three principal
components {PC).

C 0 Z PC 3
SEDSIZE SEDSAND SEDSORT
1. Clay -,89 -U.zz i AU
2. Sitg -, 89 ~,17 ~0.41
3. Sand +0.22 .96 -0.15
4. Gravel +(.,99 0,13 +3.08
5. Mean Size 40,94 6.15 +0.29
5, S.0. ~.34 0.22 0.91

The scores on axis 2 are primarily
corretated with the amount of sand, and we thus
call this variagble SEDSAND. The third principal
component axis is chiefly negatively correlated
#ith the standard deviation of the sediment size
distribution. Sediments with nigh scores on
this axis will be well sorted, and we thus call
this variable SEDSORT.

The scores, or values, for each new
sediment variable are shown in Table 7. In the
subsequent analyses correlating sediment {and
other variables) with the fish distributions,
each station received the values in Table 7,
which correspond to the type of sediment shown
at the station's position on the charts of
sediment fypes.

Composite variabie
Sediment Type ENST7E IISAN OR1
able [siand
sand and gravel
{ 50% gravel} 1.75 -0.15 .93
{ 50% gravel) 1.51 0.70 0.72
{undetermined) 1.57 0.21 0.74
Sambro Sand -0.32 0.44 -0.68
Scotian Shelf drift -0.83 0.17 ~0.78
Laurentian silg -1.77 ~0,47 -0.55
Lahave cla -1.91 0,89 ~0.39

ECOLOGICAL DISTANCE INDICES

The starting peint for the calculation of
the ecological distances used in the cluster
analyses is a sites by species matrix of species
importance values {abundance, frequency,
biomass, etc.j. From ihis, inter-sample or
inter-species distance matrices are calculated.

In this study we use a new inter-sample
distance measure, and a modification of a
published inter-species distance measure. ?ﬁ )
this section we provide considerable computional
detalls of these distance measures. Many
readers may wish to ignore this detail and Can
do so by omitting those paragraphs with a solid
line in the right hand margin.

Inter-Sample Distances -

There are many distance indices for
measuring the dissimilarity among sets of sampie
pairs {Clifford and Stephenson, 1975). In all
of these, the underiying model is that the
distance index measures biclogical change, and
that the distance index between paired sampies
increases as the amount of biological change
increases. Thus, two samples with very
dissimilar species composition will
theoretically have a Jarger dissimilarity walue
than two samples with similar species
composition. In actuality, all distance
measures reach a maximum value at a certain
point and then either remain constant or
decline, even as the amount of dioclogical change
continues to increase (Figure 3) {Beals, 1973;
Swan, 19707, 1In addition, given 2 constant®
amount of biological change, the variance of the
distance index can be large and varied.

These severe inaccuracies stem from )
fundamental differences between the underiy i ng
assumptions of distance indices and the )
realistic properties of ecological and comemmunity
data. All distance indices are based upon the
assumption that species importance valuss wary
lineariy as biological change takes place. }ﬂ
practice, this assumption is rarsly met (Beals,
1973, Austin, 19801, since species importarice
values tend to change in a non-linear, non-—
monatonic fashion as overall biological cha nige
is taking place, usually along pertinent
envirommental gradients {Figure 4) {Austin,
1876; Beals, 1873; Swan, 1970). In additic 71,
the values are truncated, 1.e. species
importance values reach a value of zero andd
remain zerc as the environment become more
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nfavourable to the species in question {Swan,
This accounts for the leveling off
uystrated in Figure 3. As a result, distance
jces are insensitive to larger magnitudes of
tual bfoﬂ“gécaﬁ change. Another assumption in
t if not all distance indices is that the
importance vaaaeg of each species change at the
same rate as overall biological change takes
ptace. This assumption is rarely met, because
the slopes of species importance curves along
environ
di

fev

nmental gradients can be radically
9ren? (Figure 4}. Tnis increases the
jance of the distance measure.

The ZAD Index

A new distance index designed o cope with
these ecological realities is described here
This measure, called the Zero Adjusted S?staﬂse

i
{or ZAD) findex, cannot be described by a simple
formula, since 1t involves several steps. The
total information contained in a set of species
importance values is obtainable only by viewing
the data from several different perspectives.

Figure 5 3%@%5 the relationship between a
typical distance index {curve Q) and the ideal
distance ﬂ@@s«fﬁ {curve 1}, which should
increase linearly with increasing biological
change hetween samples. The ZAD index
caiculates § and 7 {Figure 5) separately, and
then sums them to arvive at 1. { {the

quantitative component) is a distance estimate
alculated fir%atiy from the species importance
values. The calculations here atiempt to
compensate for the problems caused by
non-linear, non-monotonic changes in species
abundance, and by unequal rates of change in
abundance among species. 7 {the zero adjustment
component) adjusts for the Teveling off of curve
0 by adding a steadily increasing amount to § in
grder to reach the ideal distance, I. 7 is
caiculated separately using the inter-species
distances. [t is designed to compensate for
truncation of species importance values as
increased overall biological change takes place.
Thus, O is most important for estimating the
shorter distances, while 7 increasingly
contributes more as the distances beacome
jonger.

Calculation of §
The Qdaﬂ*%taiéva component {Q) of the
inter-sample distance is based on the
guantitative species differences, and is
calculated as:

5 v
{%zjkzzékﬂxg@ ijgj

(=1

LT
3
Py BA R k%

2 [ 5B MR (X 5% 50

k=1
where s 1s the mnumber of species, and 1 and j
are the samples being compared. The X's are
species importance values transformed by a
square root and standardized @y the species
maximum. The absolute value of the difference
in ahu
{
%

indance of species k at two sites 1 and j
X, 1) s termed the X difference.

The transformation makes changes in importance
values more linear as overall biological change
occurs {Smith, 1976), and reduces variability in
the rates of change of different species. The
standardization removes the irrelevant effect of
scale on % differences, since these will
otherwise tend to be larger in the more sbundant
species irrespective of the amount of overall
biological change. As will be seen, it also
creates a somewhat predictable relationship
between the magnitude of the X difference and
the 'breadth’ of the species,

As a constant amount
of overall biological change fakes place, rates
of change in species importance values will vary
unpredictably among species, depending on thelir
abundance or breadth of distribution (Figure
6a). When the data are standardized by species
maximum, however, species with wide breadths
will tend to have Yower rates of change than
will species with narrower breadths {Figure 6b).
As the example in Figure 7 shows, the
predictable inverse relationship between breadth
and rate of change in standardized importance
values can be used to equalize the relative
contributions of the wéde&praaé and narrov
species. This is done by multiplying each X
difference by the appropriate Sﬁgﬁj which
{s a measure of the relevant ﬁreaﬁth or range
of habitats over which species k s distributed,
Figure 7 presents a simplified examp?aé in which
the species distribution curve is symmetrical
and both samples 1 and ] are on the same side of
the species peak. In practice, adjustments must
be made for asymmetrical curves, for instances
when 1 and J are on opposite sides of the peak,
and for multidimensional species distributions.

Wz

Caleulation of Byae
i

The specific method for calculating B
involves determining the range of the species in
an ordination space computed from a component of

the Z values, These calculations are

somewhat complex, since 2 species may have
different 'breadths’ on either side of its peak,
or along different gf&ééﬁﬁ?g of biological
change. Because of this, Byyy 1s

caloulated separately for each 1) comparison
{see Appendices A and B for a detailed
discussion).

As overall biological
non-monotonic changes In
distortions in the %
The most reliale X

Calculation of %ng:
change takes place,
importance valaas CAN Cause
differences {Beals, 1973}.
differences will occur with species which have
both values {in the two samples being comparsed}
on the same side of their peak value {Smith,
1976}, This is because their ;mgﬁf%angﬂ vaiues
will increase monotonically with the true amount
of biological change. In Lsﬁwragt, when the
samples being compared are on opposite sidks of
a species’ peak, the X differences can be
unreatistically small {Fi fgure 8}, The worst X
diffarences will occur when both samples &3%ﬁ9
compared are far from, and on the opposite side
of, the peak value for the species, since the
actual amount of biological change will be targe
and the X difference small. The least distoried
% differznces {with samples on opposite sides of
the peak} will occur when one of the samples
being compared is relatively near the peak value
for that species. These alternatives are
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Average Distance

OSSN %

Actual Biological Change

Fig. 5. Relationship between the two components of the ZAD distance in@ex and the ideal distan;e curve,
1. 0, the quantitative component, levels off at 1, while Z, the zero adjustment component, continues to

increase with increasing biological change.
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P
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Biological Change

Fig. 6. a} Species distributions along a biological gradient. With raw data, and when comparing sites
on the same side of the species peak, there is an unpredictable relationship between slope, or rate of
change in a species importance value, and increasing biological change. b} Same data as a), standardized
by species maximum. Slopes of species curves, on the same side of the peak, are now predictably, and
inversely, related to species breadih along the gradient.
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Species a's breadth is half that of
species a {shown in brackets on the

Biological Change

‘/’:;a - K

equalize the contribution to § of species with different breadths-
species b, and its stope is twice as high.
yx axis) is therefore twice as great.

The ¥ difference for

= 0.5 and

%23 to each

usually

K., = ij = 0,25, Multiplying each of these X differences by a term (B} proportic
species” breadth along the gradient equalizes the magnitude of the X differences, e.g. {0.5) 1 = 0.5 and
{0.25) 2 = 0.5, To facilitate making this point the species distribution curves are shown with
straightlines. Such lines should represent the average of the range of curves {concave to convex)
encountered.
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Fig. B, The effect of sample position relative to the peak on the accuracy of inter-

The Xlﬁéffefeﬂ6§ between samples | and 2 or between sampl
true biological change betwsen samples tha

4,
the peak {e.g. 1 and 5.

jics nge nois the ¥ di
Samples closer io the peak, however, {e.g. 2 and 4)

ples 4 and 5 s a much more accurate measure of
fference betwsen samples 1 and 5 or batween 7 @ radl

sample comparisers = -
the

<

furnish better comparisons than samples far fr 3R



i1lustrated in Figure 8.

The Wy values are designed to
correct for these distortions by giving more
weight to those X differences that convey better
information about the actual amount of
biolegical change {see Appendices A and B for
further detail).

enominator of §: The denominator for the

QE equation is the maximum possible value

thd numerator could obtain if there were no
sgseca’eg in common in the two samples being
compared. Division by this maximum value scales
the § values from 0-1. Such predictibility in
the scate of 0 Is important when subseguently
adding Z to Q. In addition, 1t considerably
improves the { values, esgec@aﬁiy the }oﬁger
ones, which would otherwise fluctuate widely and
randomly around the asymptote of §. This is
because, once complete species turnover has
ogccurred between two samples, the direction of
change of the X difference is dependent solely
on whether more species are increasing or
decreasing in abundance along a particular part
of the gradient.

The 'Zero-Adjustment’ Component, Z

The calculation of this component requires
two steps as follows.

al For each zero value in the data matrix,
an estimate of the degree io which the species
in question is 'missing’ is calculated. The
method used is conceptually the same as that
oroposed by Swan (1970) to measure 'degree of
absence’ of species not occurring in a sample.
He have tested Swan's procedure with simulated
data and found it to be increasingly insensitive
to biological change as a species becomes more
‘missing . A more sensitive technique is
proposed here.  The method calculates the
‘degree of absence’ for a species absent from a
sample as:

Lpi >0

where M, is the degree of absenge of

species &k in sample i, and X is the
square~root traﬂsfsrﬂed spec*e< maximum
standardized value of species m in sample 1,
Species m occurs in sample 1 and species k does
not occcur in sample 1. O, s the inter-
species distance between $pecies k and species
m. The inter-species distance should measure
relative habitat preferences. This is discussed
below. M, . Is actually the weighted average
distance from species k {which is absent from
sample 1} to all species which actually do occur
in sample 1. If species k is very different in
habitat preference compared to the other species
iﬂ a sample, then it will have a relatively high
value faw that sample {i.e., it has a high
gree of absence}. After all M values are
cuiated, th@y are resca?pd so that the

imum ¥ value is zero. This is because the
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values tend to be high by a constant

&%gﬁﬁt,

b The M values are used to calculate
independent estimates of the between-sample
distances. These estimates might be expressed
as:

Species which occur in one and only one of the
two samples {i or 3} are considered when
selecting the maximum. The rest of the M values
are ignored. This is a reasonable estimate of
distance since the "most missing species”
occurring in only one of the samples should
indicate how different the samples really are.

We have, however, selected a more
conservative procedure which does not rely on a
single maximum M value. This is calculated as:

As above, only those species occuring in ope of
the two samples are considered in the sums.
This estimate is simply the weighted average of
the M values, with each M weighted by its own
value. This gives more weight to the larger M
values. Only the Targest 50% of the distance
values are used in the weighted average.

The £sg values are based on species
absence in éne of the two samples being
compared. As the samples being compared are
more similar, there will be fewer and fewer
species whﬁch are absent from one sample and
present in the other. This ?eads o two
@mgsrt nt properties of ... 1} The shorter
£y ves will be the least reliable,

b%é&&:& they are based on the least amount of
information. 2} The shorter E.; values wil]
tend to be tco short in re?&tzo% to the actual
amount of biclogical change. This is becasse
they are insensitive to changes in species
importance when a species is present in both
samples. Such changes are very important when
comparing biclogically similar samples.

These properties are ideal for calculating
Zgj, because we wish the shorter distances
to”"be based mostly on Q,.. The E.
values will not become 1érge eﬁadgé 1o add
significantly to the final distance until larger

amounts of biological change take place.

Calculation of Z From E: It can be seen {f1gure
5} that the contribution of £ must increase
exponentially as § levels off. E, however, will
tend to vary linearly with the true amount of
bictogical change, since it is an independint
estimate of inter-sample distance. To mak the
contribution of £ exponential, it must be
multiplied by a factor dependent on the rae at

which 0§ levels off. We calculate such a hictor
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1, and m is the number of species.

Austin and Belbin {1982) do not include a
éfﬂ@ﬂsﬂaﬁe n the calculations. He do so
because we wish o put T on the same scale as O,
i.e. U-1. He coﬂiﬁ accemn?égh this by using the
average of the f@ values. In this
case the éen@minahow %@a?ﬁ be m instead of n.
However, n s more appropriate because it is the
number of comparisons that at*ua’%y contribute
information to T. When D By 5, =1, there
is no information ﬁcﬂveyﬂé hy sgesaes k about
the relationship betwesn species 1 and j.

Species k has no relationship to either. This
does not by any means indicate that species
and k are similar in their relative habitat
preferences.
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This technigue should work well for species
wnich are in similar or moderately similar
habitats. The distances between species in the
more dissimilar habitats will still tend to be
too short. To correct for this, the STEP-ACROSS
procedure originally conceived by Williamson
{19787 and generalized by Smith (1981b) is used.
Here the ionger distances are recalculated from

the shorter distances.

HIERARCHICAL CLASSIFICATION

Hierarchical classification displays the
relationships between entities {the units being
classified) with a two-dimensional, hierarchical
structure called a dendrogram. Agglomerative
classification successively fuses the most
similar entities {or groups of entities) to form
targer groups or clusters. This is in contrast
to the divisive technigue which successively
divides aarge groups into smaller groups or
single entities (Williams, 1971},

The starting point for constructing the
dendrogram 1s the distance matrix. The shortest
distance in the matrix is chosen and the iwo
corresponding entities are fused into a single
group. The distance between the new group
?rugrﬁggwtzwg the fused entities) and all other
entities is then calculated and entered into a
new distance matrix. The process of selecting
the shortest distance and fusing the
corresponding entities s repeated until all
entities are joined in a single group.

Clustering strategies differ in the method
of z&‘ra;abxag the distance between new groups
itities). The strategy used here is the
f7P;}bze L?aster}ﬁg or SQFtWﬁg strategy.
ﬁ>ﬁarzatﬁd with this method is the variable
coef ient beta. As the beta value increases
{i.e. approaches 1. 63 the clustering becomes

-

F
weaker and few distinct groups will result. The

dendrograms suffer from excessive ‘chaining’.
i.e. entities join groups one at a time rather
than forming distinct clusters. The
disadvantages of this type of result are that
there are few groups to interpret, and the
relationships among entities are poorly defined.
This defeats the purpose of the analysis.

Very Tow values of beta {i.e. agpr@ach%ﬂn
~1.0) force all entities into one of & number of
approximately equally-sized, tightly clustered
agroups. This makes interpretation very easy and
ciear-cut, but ihe results are forced into such
a pattern even if it does not represent reality.
The probability of misclassification is also
higher.

Values of beta near zerop produce rcguatS
about halfway between these two extremes. L0
practice, many ecologists have found that an
empirically selected beta value of -0,25 gives
satisfactory resulis {C1ifford and Stephenson,
1975}, Tnis beta value tends to give distinct,
easily interpreted and realistic clusters.

THO-WAY COINCIDENCE TABLES

The dendrograms from the site and sgez:ﬁe;
classification analyses were used to constructl
two-way coincidence tables, which are simply Ihe
biological data matrix with the rows {species)
and columns {sites) arranged in the same order
as on the corresponding dendrograms.. The data
values were standardized and converted to
symbols for compactness and ease of interpreta-
tion. The symbois in this study were based On
species mean (of values ) standardized data.

Two-way tables are informative and valuable
because similar sites and species are grouped,
and appear in contiguous positions in the tTable.
As a result, bicTogical patterns can easily be
seen and vniﬂrpretad, In addition, reference 10
the table 1s very useful when choosing groups
from the dendrograms.

The specific order of entities along &
dendrogram can be quite arbitrary, however,
since any one node on the dendrogram can be
rotated 180 degrees without changing any
groupings. The clustering algorithm was
therefore modified to create z maximally
informative order of entities along the
dendrogram. The main trend in the data was
found by calculating scores for each entiity
along a polar ordination axis. The order of
gntities along the dendrogram was made to
approach the order along the ordination ax¥ s by
appropriate rotation of the nodes. As a resull,
the rows and columns of the two-way table ave
arranged in an order consistent with the ma Jovr
patterns of change found in the data.

MULTIPLE DISCRIMIMANT ANALYSIS

Correlations between classification gy OUDRS
and envirommental parameters were studied i th
multiple discriminant analysis {Looley and )
Lohnes, 1971; Hope, 1969: as canonical angd wsis
of discriminance). As in Smith (1976}, Gre=en
and Vascatto {1978}, and Bernstein et 2l.




(1878}, classification ?eahrﬁqge% were used 1o
””ﬂpfé?“ the groups used in the analysis.
Weighted discriminant analysis {Smith, 1978} was
used to increase the seﬁgﬁtxvzty of thc analysis
to information from the classification analysis
about the strength of group membership, group
conesiveness, and intergroup relationships.

The stations or strata {depending on the
particular analysis) are represented as points
ina mult zd%waag*ergi space defined by the

environmental variables. These polnts are
projected @a*a axes that minimize the within-
g?emp variation while maximizing the balween-
group variation. These axes are independent and
are b@ffiaafﬁd with the variables peiea*z&iiy
important in the group separation. The environ-
mental variables correlated with the axes are
indicated with standardized coefficients (Green,
1671} or with coefficients of separate
determination {Hope, 1969). The latier were
used here.

The conditions necessary for statistically
testing the significance of the separation of
groups along the various axes {(Green, 1971) are
rarely, §f even, met. However, the success of
classification a? sites into their groups on the
basis of their scores on the discriminant axes
is indicative of the discreteness of the groups.
The classification of sites was achieved by
first ¢&W”M§c§!ﬁ§ the centroid or mean position
of each group in discriminant space. Each site
was then assigned to the group o whose centroid
it was closest. Success is measured by the
percent correct classification for each group.

PRINCIPAL CODRDINATES ANALYSIS

In principal coordinates analysis, each
sample corresponds to a peint in a multi-
dimensional space. The distances belween points
in this space are proporticnal to the biological
dissimilarity of the corresponding samples.

This space is viewed through dimensions which
give a maximal amount of information about the
patterns of biological change. These dimensions
are termed axes, and the coordinates of the
points of each axis are called scores. The
first few axes will usually represent the major
independent trends of community change.
Principal coordinates analysis is discussed more
fully in Sneath and Sokal {1973).

RESULTS

TWO-WAY CLUSTERING AND DISCRIMINANT
ANALYSIS OF INDIVIDUAL SURVEYS

The next 18 sectons {1970 summer - 1981
fall) present detailed results of the analysis
of each survey. The reader interested primarily
in the overall picture may wish o read only the
first of these {1970 summer) then proceed o the
section entitled "Consistency of Species Groups
Thyrough Time".

1870 Summer

We discuss the results of this first survey
in detail to provide an example of how to

interpret the cluster and discriminant analyses
for the other surveys. Results of subsequent
survey will be summarized only. We present
enough information, however, for readers to
develop further interpretations and conclusions
on their own.

The dendrogram resulting from cluster
analysis of the sites {Figure 9), and the two-
way table (Figure 11) permit an assessment of
the relative differences among sites. There are
two major breaks that divide the sites into
three main groups (Figure 11}, These major site
groups are Indicated with separate sysbols on a
map of the 3cgtzan Shelf (Figure 12]. The first
group of sites {1) includes those at greater
depths, along ﬁhe edge of the shelf and in
basins. The second major site group {11} is
made up of stations on the eastern part of the
shelf, while the third (111} occurs on the
western shelf and in the Bay of Fundy.

The two-way table {(Figure 11} shows that
these major site groups also have distinct
assemblages of fishes. In general, silver hake
anglar, white hake, smooth skate, wéiih,
redfish, grenadier, and longfin hake ar
re!atavpiy common and abundant at the ﬁeep s5ites
of major site group 1. Other species, except
for thorny skate, are relatively scarce. In
major site group 11, on the eastern shelf, sea
raven, yeliowtail, ?sngﬁswm* cod, plaice, and
thorny skate are relatively abundant, A11 other
species are relatively scarce. Finally, site
group 111 is characterized by relatively
abundant haddock, but only scattered occurrences
of other species.

The site dendrogram also displays relative
differences among sites within the three major
groups {Figure 9}, This, along with information
from the two-way table (Figure 11} was used to
further divide the sites into 24 smaller site
groups. Each of these smaller site groups is
also characterized by a distinct species
assemblage, For example, site group 2 has
relatively abundant grenadier and Tongfin hake,
typical of major site group I (Figure 11}. It
has, however, very few of the other ggecf@s
common in this major group {1.e. thorny skate,
white hake, smooth skate, and witch).

The species clustering {Figure 10) permits
an identification of species groups and smcies
with similar habitat preferences. There are two
extremes of a continuum of species, those like
harndoor skate, lance, and mailed sculpin, that
were not consistently found with other species,
gnd those like smooth skate, witch, and redfish,
whose distributions match {Figure 10}, The
tendency of species to form consistent groups
from year o year is the focus of a separate
analysis below.

The two-way table [Figure 11} 1s a means of
illustrating the association of species with
areas, and then inferring the habitat
requirements or preferences of these species.
The discriminant analysis described below,
however, provides a more powerful method of
inferring the influence of environmental
variabies on species distributions.



SUMMER 1970

Fig. 3. "T"m:a sa”igé deﬂd;{"ograms summer 1970, The sequence of sites {top to bottom) in the dendrogram is the
same as from left to right in Figure 11.
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The species dendrogram, summer 1970.
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environmental variables relative to the first twe discriminant axes.




G S
< @ S o
\ [ B ) 42 i L
e on o ow W® oL e @
w e Y e SR g s
ok €3 p ng S0 L [ ooy Wy
N [ R g O
W EDogn 8w e T Iy 2
[ R <UL i o af o
f33 ] Moy W S 0T LR S
£ froli T R Cx e 6
f (RGO £ [ S Do, w O
B (B e Y PR R W e
bt [ @ S ST W : T oA AT
v [N TR S < oL @ e W
o o %t fo ! YA D e e
) 8 R [ an e o R [(LS)
< & e e € W et S S S R )
1. [ [ L S ) L wes TF At .
or s W o e sem i
. [ @ b e )
fod ] « e s e e
b L I A Lo B
S [ ol o] L3+ oo N0 o I 1
& e @ W o
e 5 AT S &
3 ER et e Q£ e O Al s
e 40 @ A S S el L o 34
AS s e L (&) e
B T g S e 0 aed &
0o a0 Al B e =
I St e had O s Fe)
hER BT e @ oy I o
3 opr £ R gpee Gl £ e &
T 40 W 8 Lo R el L,
R o £ ke L [ LOm LD b
fs £ et U163 & R - 4
o T €2 TS G et e e A
L i e N -] B LD B T g T s e
s €, T LI 1] T G 1T et CLE e KO vl e T
17 et [V R N e (SRS aroar oy . ¥
[N RV T g B WOER G Do g LD e
S e S G DT e [ f O N2 T F I W 3
= 50 T3 Q3 e e (3 4 E2 W & oo . [
B BT e 42 et L €
eE4n TROUDY oAy NI e W o
oS 8 Sas £ oo i ——
LI I S S B P BT LI I B D

[
o

Wy @
o I ] @ R
> s . = e L
] o i oLy s AT
oA -
< P @ oo
et ar Eoa
R =
F 3 o TR
5o o N G ot
[ 3 o PR W o
S o Do et oot AT e S
o
O
T Q

rOuDs

]




23

"O/6T 4PWMNS ‘Boeds JURPULWLADS LD UL SI|QRLJIBA [PIUSWUOLLAUS BUY 40 Ssiusipedb sy

1KY
T34 4 9 g i
e b e e e e e e '
@ 1
3
5 ¥
2 H
% 6
3 6 v oL
12
9
13
% %
2
$ s
¢
3 ¢
4 9 2
¢ & z
‘ 2 z
L :
k4 i
9 3
& & % w
5
13 T +1% i
kd X
4 & ¥ v
% Y
s
5 3 §
Tt 4
¥ 3 s
¢ §
& &
y [ 4
H Y
& ¥
o
£
% € 19
5 <
5
T F
¢ z
i z
z
1 1
i
+1e
1
AL
ToE o

¥

ALINEIYS
4 101

a19

Pr——



24

sz1

e e e
: B N - - -
. t
X 2
. €
z
» < E
A v
3
%
© §
, . voe
Y “
. . N E
. y £ H
5 .
6 9w ! i
4 z
. z
. 1 @
y '
s E
5§ 3 ‘e '
Y
B i H 1
Y
, £ ¥
) § ¢ z
. ki
5
. 2 t
z
. ¢ e 0!
4 '
1 i
. 1
z i
i
|
i |
3 ~ €
B
z

HOL0¥4 371
T

(panu13uey)

p1 B4

;
b
:
;
:
i
!
i
|
|
!
i
I
1
hs
|
|
H
.
i
|
!
{
|
H
t
i
!
sy
i
|



25

(513
€9 25
B
2
z
:
[
3
z &
< 4
@
z 5 6
&
2
&
5
&
z
z
’ 6
< 2 6
3 ]
5 3
B &
& b
z ¢
z 6
6
% 4
z
€
2 & &
[ B
4
z
2 &
z &
:
IS z
LI 6
z &
6
&
&
& &
b
%
. o
¢
5
&
6
6
€

WOLOYS ONTLNOS 035
T LERLa T

g

2

axmimnn

1Y

[

BOLIYA ONY
T4 a0

(panuiquon) p1 "BLd

v
1
[
3 9
4
1 6
¢
iz
%%
<
1
1 5§
3 5
H [
& b
H I
&
6
6
s & 6
6
¢ &
6
5
5
o b o1y
3
& Y
3 6
6
4
6
6
3

omon



SUMMER 1971

Fig. 15. The site dendrogram, summer 1971.

the same as from left fo right in Figure 17.

The sequence of sites

in the dendrezgram

is
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The symbols and

of site groups in discriminant space, summer 1971.

Fig. 19. The distribution

letter codes correspond to those in Figure 17. The overprint table gives the coordinates [HP,
identity of hidden (= overprinted) sites. The vector diagram summarizes the configuration of
environmental variables relative to the first fwo discriminant axes.
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Fig. 24.

The distribution of site groups in discriminant space, summer 1972.
letter codes correspond to those in Figure 22.

The symbols and number/

The overprint table gives the coordinates (HP, VP and

identity of nidden (= overprinted) sites. The vector diagram summarizes the configuration of the
environmental variables relative to the first two discriminant axes.




37

SUMMER 1973

Fig. 25. The site dendrogram, summer 1973. The sequence of sites {top to bottom) in the dendrogram is
the same as from left to right in Figure 27.
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SUMMER 1973
TEMP
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SEDSIZE
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% DVERPRINT TABLE #x
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Fig. 29. The distribution of site groups in discriminant space, summer 1573, The symbols=s and ﬁgmaem
Tetter codes correspond to those in Figure 11. The overprint table gives the coordinates {HpP, V} and
fdentity of hidden (= overprinted) sites. The vector diagram summarizes the configuratipes OF the
environmental variables relative to the First two discriminant axes.



group of stations had relatively abundant cod,
yellowtail, Tonghorn, winter skate, and sea
raven. yager site group 11 is concentrated in
the Bay of Fundy and on the western shelf

banks, with scattered stations on the eastern
shelf. Relatively abundant haddock with
scattersed pccurrences of many other species,
characterize this group of stations. HMajor site
group ¥1 is stations in the Bay of Fundy and on
the eastern shelf banks, with relatively
abundant plaice, thorny skate, and cod. The
last major group of stations {¥I1) is along the
edge of the shelf and in basins, and is
characterized by relatively abundant silver
hake, and freguent occurvrences of angler, witch,
white hake, and redfish.

Groups of species with similar distribu-
tions across stations are shown on the species
dendrogram {Figure 26) and the two-way table
{Figure 27). The spatial distribution of these
species groups can be estimated by comparing the
two-way table to the map of the site groups on
the Scotian Shelf {Figure 28).

Some of the major site groups are well
separated along axis 1 ér the discriminant space
[Table 11, Figure 29). A1l major site groups
show considerable overlap along axis 2, which fis
dominated by temperaturs {Tablie 12). Major site
group [ is characterized by the shaliowest
depth, and intermediate tfemperature, with
generally large grained, well sorted sediments.
The two stations in this group that are
oositioned farthest to the right along axis 1
(212-10,11), and that overlap group 11, are at
shaliow depth but have a typically small grained
Sedim€ﬂtb. The two-way table [Figure 27) also
shows that these stations contain no yellowtail,
which are usually relatively abundant at other
stations in this major site group. Major site
group Il occupies an intermediate position along
axis L. These stations are at shallow depth,
with intermediate to large grained sediments
that are either very poorly sorted or very small
sorted. Major site group VII is farthest f£o the
right atong axis 1, at intermediate to great
depth, with generally small grained, poorly
sorted sediments. Major site group VI overiaps
group II almost completely, and is not separated
from this or any of the other groups by
subsequent axes. The small groups {111, IV, V)
are scatiered through the discriminant space.

Table 12. Coefficients of separate
determination {Summer 1973}, These show the
relative importance of each variable on each
axis. The eigenvalues show the relative amounts
of group separation accounted for by each axis.

Uiscriminant axes

Yariable Axisl AxisZ Axis3 Axisé
1. Tepth 53, .1 3.4 L0
Z. Temp 5.6 65.7 3.3 0.4
3. Salinity 12.2 1.7 51.9 9.1
4. SEDSIZE 21.4  12.6  36.6 41.1
5. SEDSAND 0.3 3.2 2.7 41.4
6. SEDSORT 11.8  13.8 2.2 2.0
Eygenvalue U ] 0. 0.
Percent of Group

Separation 75.2 14,8 5.5 3.0

1574 Summer

There are five major breaks in the site
dendrogram {(Figure 30} and the two-way table
{Figure 32} that divide the sites into spatial
groups {Figure 33). One of the resulting major
site groups (V) contains no species, and ancther
{1V} contains only five stations with scattered
occurrences of a few species. OFf the remaining
four major site groups, group [ includes
stations along the eastern edge of the shelf and
on the eastern shelf. These stafions have
relatively abundant thorny skate, piaice, and
cod, and few other species. Major site group [I
is concentrated on Banguereau, Sable Island, and
Western Banks, and contains relatively abundant
thorny skate, plaice, and cod, as well as
yellowtail, longhorn, sea raven, and winter
skate. bt&ti&ﬁs in major site group IID are in
the Bay of Fundy, and on the western half of the
snelf. Species relatively abundant in these
stations include cod and haddock. Freguent
gccurrences of several other species such as
ocean pout, pollock, smooth skate, white hake,
thorny skate, wolffish, longhorn, and sea raven
also characterize these stations.  The last
major site group (VI} is concentrated along the
edge of the shelf and in basins, and include a
few stations on the western shelf. Argentine,
cusk, silver hake, spiny dogfish, redfish,
angler, smooth skate, white hake, and witch are
relatively freguent and abundant.

Groups of species with similar distribu-
tions across sites are shown on the species
dendrogram {Figure 31} and the two-way table
{Figure 32). The spatial distribution of
species groups can be estimated by comparing the
two-way table to the map of site groups on the
Scotian Shelf {Figure 33).

The major site groups occupy distinct areas

in the discriminant space {Table 13, Figure 34},
alihough there is some overiap. Groups are
separated on both axes 1 and 2, and subsequent
axes provided no further separation. Major site
group I is characterized by very low to
intermediate temperature, and a wide range of
sediment size and sediment sorting, from the
smallest grained, most poorly sorted sediments,
to the largest grained, besi sorted ones.
Stations in this groug aiso span a range from
shaliow to intermediate depth. The two outliers
in this group (stations 225-7,8 furthest up on
axis 2} are the only stations in site group [ to
lack cod (typical of site group I} and coﬁtain
ocean pout {typical of site groups 111 and ¥1).
Major site group Il is separated from group 1
along axis 2. It is chara terized by inter-
mediate ifemperature, the largest, most well
sorted sediments, and very shallow depth. M@gs

site group 111 occupies an intermediate position
on both axes. These stations are at shallow
depth with intermediate temperaturs, and
sediments that are either large grained and well
sorted, or of intermediate size and poorly
sorted. Major site group Y1 is fo the right
along axis 1, with intermediate to warm
temperature, and generally small grained,
sorted sediments. These stations are at
intermediate depth. The smaller groups (1Y and
¥} are scattered throughout the discriminant
space.

poorly
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Fig. 30. The site dendrogram, summer 1974. The sequence of sites {top to bottom! in the dendrogram is
the same as from left to right in Figure 32.
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Fig. 34. The distribution of site groups in discriminant space, summer 1974. The symbols and mymber/
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nant axes
Variable Axis3  Axist
. Depth 1.8 0.5
2. temp 2.0 g.2
3. Salinity 12.1 10.3
4. SEDSIZE 45,5  27.9
5. SEDSAND 12.2  13.0
6. SEDSORT 26,5 47.9
Ligenvaiue 0. U.2
Percent of Group
Senaration 62.8  27.3 4.9 3.4
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Table 14. CLoefficients of separate

determination {Summer 1975). These show the
relative importance of each variable on each
axis. The eigenvalues show the relative amounts
of group separation accounted for by each axis.

D7scriminant axes
Variable Axisl Axis2 Axisy Axish
1. Tepth 713 ' 177 139
2. Temp 3.0 3.3 Y.
3, Salinity 30.4 6.1 Zb,g
4. SEBSIZE 78.1 44,5 9.1
5. SEDSAND 2.4 5.5 51.5
6. SEOSORT 4.9 8.9 0.8
Eigenvaiues 5.2 0.3 Vel
Percent of Group .
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Fig. 59. Tne distribution of site groups in discriminant space, summer 1979. The symbois and
‘etter codes correspond te those in Figure 57. The overprint tab gives the coordinates (HP, ¥
identity of hidden {= overprinted} sites. The vector diagram summarizes the configuration of the

environmental varfables relative to the first two discriminant axes.
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remaining first (1) is widely
and incluc i in *; Say of Fundy,
well as on s and western shelf.
groun is r by relatively dhu@daa
haddock and cod, wi lesser occurrences of
thorny skate, plajce, yellowtail, and longhorn.
Major site 111 is concentrated on the
eastern shelf contains relatively abundant
thorny skate, ce, cod, and yellowtail, with

s of other species. ?ﬁe

very fow oCCu
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Fig. 60. The site dendrogram, summer 1980, The sequence of
the same as from Jeft to rignt in Figure 62.
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Fig. 64. The distribution of site groups in discriminant space, summer 1980. The symbols and number/
fetter codes correspond to those in Figure 62. The overprint table gives the coordinates (HP, YP) and
fdentity of hidden (= overprinted) sites. The vector diagram summarizes the configuration of the
environmental variables relative to the first two discriminant axes.
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Fig. 66. The species dendrogram, summer 1981.
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“ig. 59, The distribution of site groups in discriminant space, summer 1981. The symbols and
letter codes corresnpond to those in Figure 67. The overprint table gives the coordinates (M
identity of nidden (= overprinted) sites. The vector diagram summarizes the configuration of the
anvironmental variables relative to the first two discriminant axes.
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tong the shelf edge and in the

naracterized by relatively

ces of many species. Major

cludes stations along the shelf
,ab1e Island and Browns 3ank

cod, halibut, and haddock are

1y frequent and abundant in this site

tations in major site group ¥ are in

of Fundy and on the eastern shelf.

50 C}D” are relatively abundant at these
cluding longhorn, yellowtail, winter

plaice, thorny skate, and

vt

2
in

ea afen,

Groups of species with similar distribu-
fions across sites are shown in the species
dendrogram {Figure 71) and the two-way table
?7UJre 72). The spatial distribution of
_9 ies groups can be estimated by comparing the

wo~way table to the map of site groups on the
Scotian Shelf (Figure 73).

rrqrww

The major site groups are fairly well
separated in the space formed by the first two
discriminant axes {Table 21, Figure 741.
Subsequent axes provided no additional
separation. Major site group I is Tocated to
the right along axis 1. These stations are at
intermediate to great depth and tfemperature,
with relatively high salinity, and very small
grained to intermediate sized sediments. Site
group 1Y 15 characterized by shallow to inter-
mediate depth and intermediate to high temper-
ature, with a wide range of salinity, and
intermediate to large grained sediments.
site goup ¥ occurs in an area of the space
characterized by very shallow to intermediate
depth and very low temperature, These stations
also have very low salinity and a range of
sediment sizes, from very small to very large.

Major

Coefficients of separate

ination {Spring 1979). These show the
dt1Vt importance of each variable on each
axis. The eigenvalues show the relative amounts
of group separation accounted for by each axis.

Tat
de

""“(‘i’ P
D
3
ZI

Discriminant axes

Variables Axisl AxisZ Axisl Axisd
1. Depth 9.8 78,9 0. 5
2, Temp 4.5 13,7 0.3 4.8
3. Salinity 32.2 0.3 5.8 0.6
4. SEDSIZE 4,9 30.7 2B.0 55,1
5. SEDSAND 11.5  13.3 3.7 12,0
6. SEDSORT 1.0 3.0 61.8 8.9
Eigenvalue 5.1 0.4 0.7 0.1
Percent of Group

Separation 87.6 7.4 3.3 1.0
1980 Spring

There wera four major breaks in fhe site

dendrogram {Figure 75) and the two-way table
{f1jafa 77). One of the resultant groups {11}
ntains only one station with no species.
lajor site group I occurs along the edge of the
elf and in the basins {Figure 78). Several
species are relatively common and abundant in
this group. Major site group 111 occurs on the
western shelf, and is characterized primarily by
relatively abundant haddock, frequent
occurrences of cod, and few occurrences of any
other species. Stations in site group IV ars in

of Fundy and the 2as
occur freguently, and
scatiered stations with relati
abundances of longhorn,
sculpin, sea raven, and s
site « roun ¥ is concentrated
easfﬁyn shelf, and is charact
rei at%v Ev frequent and abund
skate, thorny

currencss of

ya?iowt%«],

Species with
sites are shown in
{Figure 76) and the two-way
The spatial distribution of
be estimated by comparing ti
the map of site groups on
(Figure 78}.

Tne major site agrouns
overlap in dzscr!naaa ;pﬂ:e
793, and axes other
further separation.
77) shows that there
overiap in species ass
Major site group I is Charact@rif
intermediate to great depth, 3;;10,;
intermediate temperature and high
small grained sediments that
well sorted. The stations i
characterized by shaliow to
a wide range of tempevﬂfwr@
mostly targe grained, well so
The two stations in this gw rtnésr to
right along axis 1 {34-40,4} 3 2 aﬂe%aam
small grained sediments fsv tﬁ?S arous f
are also the only stations in tnis majos

Seé ments.

group from which haddock are complete
Major site group IV is positioned to
along axis 1, and is characterized b
intermediate depth, low temperature,
intermediate salinity, with sediments
from very large and well sorted to wvey
grained and poorly sorted. Majlor site grsuﬁ i
is also located toward the left along axi
These stations are at very shal s

fint

very low ter pera*%”e and sa

grained, well sorted sediment
exceptions to this pattern ar
in site group P, which were
more saline, with smaller, wore
sediments. The two-way table |
that site group P also differs from ot
groups in major group ¥V by havémq much
abundances of plaice, winter skate, f
skate, yellowtall, and 30ﬁgnurn.

?
T 'i
i

T

Table 22. Coefficients
determination {Spring i
re?ative importance of
axis. he eigenvalues
of gr@ug separation ac

1sCriminant
Yariabie Axisl Axis? Axis3
1. De 27, 3.7 7248
2. Temr 13.2 2.7 16,8
3. Salinity 4.1 6.6 1.7
4, SEDSIZE 37.3 47,8 5.2
5. SEOSAND 3.5 13.4 9.1
6. SEOSORT 9.3 24.9  43.0
tigenvalues 4.4 1.0 U.z

Percent of Group
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g. 70. The site dendrogram, spring 1979. The sequence of sites {top to bottom) in the dendrogram is
P

Fi
the same as Trom left to right in Figure 72,
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the same as from left to right in Figure 77,
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fetter codes correspond to those in Figure 77,
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The symbols and number/

The distribution of site groups in discriminant space, spring 19&0

The overprint table gives the coordinates [HP, VP) and
The vector diagram summarizes the configuration of the
variables relative to the two discriminant axes.



1981 Spring

There are five major breaks in the site
dendrogram {Figure 80) and the two-way table
(Figure 82) that divide the sites into sUaf:al
areas {Figure 83). One of the resultant majo
site groups [V} contains only four stations witﬁ
no species. Of the other major site groups,
group [ is located on Sable Island and
Banguereau Banks, where only vellowtail, and, 1o
3 lesser extent, cod are relatively abundant.
Site group !1 is located in the same areas, but
also includes thorny skate, smooth skate, winter
skate, and Tonghorn, as well as yellowtail.
Stations in site group [Il are predominantly on
the western shelf. Several species occur in
these stations, but only haddock s relatively
abundant. Major site group IV includes stations
along the eastern edge of the shelf, in basins,
and scattered on the western shelf. Witeh,
nlaice, thorny skate, smooth skate, and cod are
relatively abundant in these stations. Stations
in major site group Y1 are along the edge of the
shelf and in basins. These stations are
characterized by relatively abundant argentine,
silver hake, angler, red hake, and redfish.

Groups of species with similar distribu~
tions across sites are shown in the species
dendrogram {Figure 81) and the two-way table
(Figure 82}, The spatial distribution of

pecies groups can De estimated by comparing the
two-way table to the map of site groups on the
Scotian Shelf {Figure 83}.

The major site groups are fairly well
separated in the discriminant space formed by
the first two axes [Table 23, Figure B4}, except
for group IV, which overlaps all the other
groups. Subseguent axes provided no further
separation. Site group I is at the shaliowest
depths, with low to intermediate temperature,
and the largest, most well soried sediments.
Site group 11 cccupies 2 small area to the left
of axis 1. These stations are at the shallowes
denths, with low temperature, and the largest,
most well sorted sediments. The two-way table
ure B2) shows that the wider temperature
range in site group [ is associated with a
decrease in the relative abundance of plaice,
thorny skate, winter skate, yellowtail, and
Tonghorn. In all other respects, these two
9roups are en v*ronmeﬂtai;y similar. The
staticns in major site group IV are characier-
ized by shaliow to inteﬁnediate denth, and low
to intermediate temperature, with a range of

sediments, from large and well sorted fo small
and poorly sorted. Major site group YI occurs
to the right of axis 1, and 1s characterized by
intermediate fo great depth, warm temaer&tur€
and small to ’Qt@fﬂ3ﬂ1&tc sized, relatively
noorly sorted sediments.

t

ALY

&0

Table 23, Coefficients of separate
determination {Spring }. These show the
relative importance of variable on each
axis. The eigenvalues w the relative amounts
of group separation accounted for by each axis.
Discriminant

Yariable Axisl Axis? Axisd
1. 3r¢, 5.4 13,6 Z.9
Z. Temp 27.0  43.0 6.2
3. Salinity 2.5 5.3 0.6
4, SED 5.0 21,1 13.%
5. SEDSAND 5.4 4.5 649.8
6 SEDSORT 15,7 12,5 6.5

Eigenvalue 3.0 1.1 0.7
QE?CEﬂt of Group

Separation 67.3 24,7 5.0 1.4

1979 Fall

There are five major breaks in th
dendrogram {Figure 85 and the two-wa
{Figure 87} that divide the sites int
areas (Figure 88)., One of the result
groups {1} contains no species. Majo
group [1 is located along the sheif eadge, and in
pasins, with a few stations scattered on the
western shelf, Only pollock and cod are
relatively abundant, and there are some
occurrences of spiny dogfish, white hake, and
cusk, HMajor site group 11l occurs at several
tocations on the eastern and western shelf and
is characterized orimarily Qy rﬁiaTQVQ?y
abundant haddock, cod, and ye Towtail., 1
are only a few occurrences of other species.

The stations in major site group IV occur along
the edge of the shelf, in the basins, and in the
Bay of Fundy. They are characterized by
relatively abundant white hake, angler, and
silver hake, and lesser abaadaﬁaeg of witch
plajce. Site group V s small and includes
stations along the edge of the shelf. Lo
nake and redfish are rejati ve?y abuao*r
with lesser abundances of witch and tho
skate. Major site group VI i

primarily on the eastern shelf,
stations in the Bay of Fundy and on Lﬂé western
shelf. These stations have relatively abuﬂﬁ@ﬁx
thorny skate and plaice.

Groups of species with similar di
tions across sites are shown in the spe
dendrogram (Figure 86) and the two-way
{Figure 87}. The spatial distribution
species groups can be estimated by com
two-way table t@ the map of site groups on the
Scotian Shelf {Figure 887

The major site groups overlap
in the discriminant space {Tat
e 893, but some of i
i

W
- el

them are wel
s 1. Subsequent axes provided no fu
ation. Major site group IV occupiss a
ral position on both axes, characterized by
i rmediate depth and temperature, relative]
nigh salinity, and an extreme range of sediment
The one outlier far o the right along
axis 1 (station 27-57) is anomalous in having
very tow abundances of only two species (¥4
87). These environmental parameters are almosi
identical to those of site group 11, but the
two-way table {Figure 87) shows that the species
assemblages are aquite distinct. Except for one
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Fig., 8. The distribution of site groups in discriminant space, spring 1981. The symbols and nu
letter codes correspond to those in Figure 82. The overprint table gives the coordinates (HP, VP
identity of hidden (= overprinted) sites. The vector diagram summarizes the configuration of the
environmental variables relative to the first two discriminant axes. ;
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ne sequence of sites {top to bottom) in the dendrogram is the

. The site dendrogram,
0
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same as from left to righ
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Fig. 90. The site dendrogram
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m, fa 8. The sequence of sites {ton fo bottom) in the dendrogram js the
same as from left to right in 2

fali
1 Figure
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The species dendrogram, fall 1980.
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Fig. %4, The distribution of site groups in discriminant space, fall 1980,
tetter codes correspond to those in Figure 92,
identity of hidden {= overprinted) sites.

The symbols and number/
The overprint table gives the coordinates (HP, YP) and

The vector diagram summarizes the configuration of the
environmental variables relative to the first two discriminant axes.



FALL 198!

Fig. 95. The site dendrogram, fall 198l. The sequence of sites {top to bottom) in the dendrogram is the
same as from Teft to right in Figure 97.



Fig. 96.

ot

T

The species dendrogram,

fall

1981,

LONGHORN

HWINTER FLOUNDER
SEA RAVEH
GLEAN POUT
YAHL EEL POUT
MAILED SCULPIN
cop

WOLFFISH
HADDGCK
POLLOCK
PLAICE
HWITCH
SMOOTH SEAYE
THORNY BKATE
WHITE HAKE
RED HAKE
SILYER HAKE
ANGLER
LITYLE SKATE
SPINY DOGFISH

HAKE
GREHADIER



"7 URYL 483e8ub = % 17~ = 4
B0 s » 1500 s 0 0 o= WUBLG cueew $810ads 90101 SALLRIDJ RDUBPUNRGER MOUS S1GRT BYD ULULEIM SLOQWAS
RN TUBULWLADS LD ULS931s jooadnbiy syl pue dew ‘wedBoupuap 2315 2yl Lo asoyl 01 puodsatdod
SEp0D. @SBuL  "SA8NLS| pue SpRdBwnyl Jigear Ag peijriuvept sdnoub 831S pue [S{RUBUNU URWOL PUB SOGUAS

Aq paijiauepy). sdnoult sofew onul B1GEYL Byl JEB4Q SIUL| [BDLI4BA BUL 188 yoed AJ1luspl alged syl 4o dol
BUL. s5040E (paaalbels) siequnu 185 pURTESINJD  CTRET LIR4 91qed Aem-omy seineds sawiLg $83isieur /e B4

BI s n i
I VI RV V <& W
al o v ! 3 o balvie| 8 1z 9 vole iz o
YSL RTT0ARLGEE ARy SeEeT069 CERLGHECT06EL Y vE T8 RIBEVEZT06B A TR 06 R 9N EET
: EIAN 4 - QYNIUO
: : e 4t R . - - + TAGNOT
. o " R h . T RS LI R ) + Tt ) S B
= + 4 B ~ “ ] - S S -
- o+ o T T I SRR -
L ’ L S
- T S e I L - - -
vt - e < . . e . .
. - G - % - &
i b - RE LR o - o o LR A
o PP P N R . P - N T - I R I . NV
’ Ho o T A ' A T 2AVH a3d
- - ~$é - . e CED P Y R S ML TR SR FUVH FLTHM
TR T = - R B gk & TADT SHE SRR B4R R 1 ST e I R - FLYAS ANMOHL
e oy b e Bt - FLVAS HIO0WS
+ - Tt . Co B A - - HOLIM
Nk R e LR S Y EAE I g f . b B NS E DR ERRRRF
. . . < Cee . . . O 16110
- elEEER TS R T ERS S ST RS koo b A A ” ’ ABOGUYH
e - + RES - e - H
L 5 M I AR b SR £ Tt S T A o RN TR KN : : S R e
R - o W W 3 ) - HIJT00S a31Iivd
- Lhod 133 THYA
- - s + B - - 4+ 1Nod NYEOO
T 1 - o ’ iy X - HAVY v3§
. R e ‘ y | HIANA0TL UIINIM
34 K - N B A o : : NAOHBNGT
M-k ) ) - ) - FLUMS HILNIA
33K LRI e e ) Sy T § - o TIVIMOTEA
- ERDE
Gh 068 a T 068/ 95 s A2 06 B9 ZT068 960 EET0p LG 06BL96HCET069.959C2T06RY 0GR BEZTO6RLGEHERI 0689650 2108 TGLC 2T 065 9GHERT
b
S e 102 %6684y L8 8 LE080L2E8469%%LERIEOTERFEVTREEE I LZE0EE 0L LG LTS T L9 LGET
T2% 2% §&64% 52 ¢¢E ¢ 1 £ 9 €588 ETE€E8H F&ETSEG Ly ETT ¢ HZETTELEET SR ¥ [ £ % ¢ & 46169
bbby 6686868864686 6545 B S5 666G 956 H bbb b 6886456 6HGEEGE 4548645866855 G5 % % 56668 5§ b
999 9% 9% 9% 9%9%99 9 %9939 9999 %929 ¢ 98998 9999999999939 ¢ %Y 9L Q99 % 9 Y999 9I GG Y GGG e GG
8001 ¢ ¢Rw 0G99 268 LTEETE LT L 90282656608 I60066HTH 8092186 TT2T220986468E
Nwmmmmwcmmmma 1T e¢¢ 281822819 Lv681T.0689 L8 ¢ U %y 2099191998 L L T%1 G %6 9%
LR B T T N & G G Hh G686 S EE B E S E L Y E B e b EEE6EEE RS 686668 GY 468 HGG6H LM G S b Y
w@eoww@mwmwwmmwecm@wm@gwocoo@.w@eoooooamwaaaw@m@wwwwwegmm@ § %% 999999 1861 v




118

*/6 84nbidg
UL asoyl 03 puodsaddod sLoquAs aul  *IR6T Lie4 ‘Sdnoub SIS 40 uOLINGLA3SLp teade ayL °ge B4

ModS MoBG MBS o089 olG Mol D MoED Mob2 M G9 M99 ModS M8
] 1] ] i ] ]

M, v¥

No G

ADIMSNNYE
MIN

No 9w

1861 1104 [N




B L p

o
ot
Sl

FALL 1981

AXIB1
ND OVERPRINTED SYMBOLS

Fig. 99. The distribution of site groups in discriminant space, fall 1981. The symbols and numl
letter codes correspond to those in Figure 97. The overprint table gives the coordinates {
identity of hidden {= overprinted) sites. The vector diagram summarizes the configuration of the
environmental

variables relative to the first fwo discriminant axes.




Groups of ﬁ;ef%ef with %imi%ar distribu-
tions across sites are shown in the species
dendrogram {Figure 96) and the fwo-way table
{Figure 97). The spatial distribution of
species groups can be estimated by comparing
two-way table to the map of site groups on the

map o
Scotian Shelf (Figure 88)

The major site groups occupy disti
of the discriminant space fTa“i@ 26, F
although there is some overlap Qeia&e groups.
The first two discriminant axes account for most
of the variabiiﬁzy, and subsequent axes provide
no further separation. Major site group I
occupies the right half of the discriminant
space, characterized by intermediate to great
depth, predominantly intermediate temperature
and high salinity, and sediments that are small
to intermediate sized, but consistently pooriy
sorted. HMajor site group I1 is alse to the
right along axis 1, but is not as widely spread
atong axis 2 is group I. These stations are
characterized by intermediate to great depth,
intermediate temperature, and high salinity, and
the same iype of sediment as group I. The
stations in site group IV are typically at
shallow depth, with very low temperature,
intermediate 5aéin§ty, and sediments that are
@xtre@c?y large grained and well sorited. Site

roup ¥ overlaps groups I, 11, and IV. It is
cnaraﬁterzzeﬁ by pra&gn]naﬁt3j shalliow de
extreme range of temperature, intermediate
sglinity, and very large grained, well sorted
sediments. Stations in site group VI are al ipe
shallowest depth, with intermediate to high
temperature, intermediate salinity, and
intermediate sized, poorly soried, or large
arained, well sorted sediments.

Table 26. Coefficients of separate
determination {Fall 1981). These show the
relative importance of each variable on each
axis. The Eigenvalues show the relative amounts
of group separation accounted for by each axis.
Oiscriminant ax
Yariable Axisl AxisZ Axisd Axéa&
1. Denth 34,0 0.1 17, 6.4
2. Temp 0.0 61.0  11.3 5.1
3. Satinity 2i.2 0 10.1 37.4 0.5
4. SEDSIZE 33.5 Z.7  11.3  84.2
5. SEDSAND 2.5 0.3 0.8 10.8
6. SEDSORT 8.7 25.8 Zi1.5 13.0
bigenvalues .2 0.3 0.5 4.2
Percent of Group
Separaton 66.9 18.4 9. 3.3
CLASSIFICATION OF SITES GROUPS

The distinctness of major sites groups in
each survey is indicated by the percent of sites
correctly classified (Table 27). 1t is clear
that over all 5urveys the deepwater site group
was most discrete, with classification success
being commonly greater than 80%. The eastern
shelf site groups, including the Sable Island
Bank area, were next most discrete,
Classificatory success was most variable for the

Hestern Shelf and Bay of Fundy.
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CONSISTENCY OF SPECIES
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Table 27. The percent success in classifying sites into major site groups in each survey. Percent correct
classification is above the/, number of sites in fhe group is below the/. etter codes for group types
gengraphic areas are as follows: D = deep, £ = eastern she!f, F = Bay of Fundy, L = low catch, N = ng catch, =
Sable Island area, and W = western shelf.

survey ! ! 111 v V Vi Vil pveral]

Summer 86736 50/53 88/51 74
1970 G £ WuF

Summer 83/30 50/24 65/17 22/% 59/34 61
1871 D £ S L WeF

Summer 77/864 50/26 5720 80/41 64
1972 E-F W-F b D

Summer 42712 31/2% 100/2 0/3 40710 62/4% 6G/42 54
1973 S WaF L H 77 £ [

Summer 70/47 64722 40733 /5 /2 78/51 53
1974 £ ) W L i b

Summer 83/36 53/8 50/26 77747 54726 6%
1975 D W E F-5 W

Summer 80/56 63/16 86/28 78/41 79
1976 b F W E

Summer 63/43 100/1 47734 /9 46726 £53/32 52
1977 D N D E-F £ W-F

Summer 50734 20/20 77752 86736 65
1978 D F W-F =S £

Summer 57714 72/53 20/5 14/21 41/34 56/25 ;
1979 D D H W=F W E

Summer 80/68 /3 57721 88/56 7
1980 W-F=5 N E D

Summer 82/55 57737 0/3 82/4% 74
1981 £-F W-F i D

Spring 53749 074 14/7 67727 84/44 58
1979 D M L Wt E-F

Spring £63/33 100/1 38/21 42726 30/25 58
1980 D N W £uF £-5

Spring 40/10 33/9 75/32 67/42 0/4 87723 55
1981 S 5 WaS £ N D
Fall 6/13 47717 94/34 5%5/33 78/9 50/32 52
1579 N Fel W-S D i E
Fall 70/41 80/25 66/44 25/4 4377 549722 68
1686 ) £ Ewf £ W-F W
Fall 51733 47732 0/8 62/13 60/37 90/20 6
1981 D b N £ E-5 F=5
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Table 28. The species group ID number assigned to each species in each summer survey aft
inspection of the species dendrogram. These group ID numbers are meaningful within surve
only.,

er

i

Year

Species 0 1 2 73 7 75 75 77 ] U .
cod 7 7 g g 8 12 g i1 7 7 g 8
thorny skate 7 9 8 6 g 11 9 g 7 4 9 8
plaice 7 9 g 6 8 i1 g 9 7 7 g 8
haddock 10 7 8 3 10 iz 10 11 7 8 ]
witch 14 4 12 5 7 11 5 9 g 1 2 13
white hake 13 4 13 5 7 3 5 8 9 1 2 13
silver hake 13 4 13 2 3 3 5 8 g 4 2 7
redfish 14 4 13 5 7 3 5 8 5 1 1 il
yellowtail 3 13 2 1z 11 13 S 5 3 7 i1
tonghorn 3 13 ? 1z 11 13 13 5 3 7 11 3
smooth skate 14 9 12 5 7 il 5 9 8 4 2 13
wolffish 7 7 8 ) 10 iz 9 11 7 z g g
angler 13 4 13 5 7 3 5 8 g 1 2 13
pollock 11 6 g 3 4 3 5 il 7 3 3 g
sea raven 3 13 2 14 i1 13 13 5 4 8 11 3
hatibut 10 8 11 11 10 12 10 11 8 Z 8 g
cusk iz 5 15 2 3 3 3 10 1z 3 iz 10
spiny dogfish 11 5 g 4 3 10 13 10 12 3 8 14
ocean pout 4 11 10 5 3 11 12 5 10 4 11 3
argentine 12 5 15 2 3 14 5 10 11 3 i? 10
winter skate 3 i3 7 12 11 13 12 ? 3 7 11 1
winter flounder 2 13 Z 14 14 13 13 5 4 8 11 3
tongfin hake i5 3 16 7 1 z 4 ) i5 1 1 11
grenadier 15 3 16 7 1 il 4 5 15 1 1 iz
mailed sculpin 6 g 4 15 i1 9 ? iz 13 6 10 4
red hake 5 12 14 1 2 4 7 z 16 4 2 7
eel pout 16 10 5 3 iz 1 14 iz 14 3 5 )
lance 8 14 5 10 g 8 3 1 1 5 b 1
yahl's eel pout 17 15 17 17 ) 7 1 7 17 2 3
barndoor skate i 1 3 16 5 5 8 3 5 g 4 4
tittle skate g 2 1 13 13 5 12 4 2 9 7
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ear var ility, however, and a procedure
analagous to that used for species was used to
derive composite site groups over all summer
surveys., The areal units over which the sites
were aggregated before being input to fhe
grouping procedure were the strata on which the
survey sampling design was based {?égure 2.
tach stratum in each year was assigned a
favorite major site group {Table 30). Tnis was
the major site group to which the majority of
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}Qﬂ these strata had ithe same favorite major
group {Table 31}, This distance matrix was
C}QSLQTEA using the group average sorting
@q The resultant dendrogram {Figure 106)
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The groupings of strata in Figure 106 were
omewhat rearranged to bring strata which were
geographicaliy close into the same groups. This
was done only when reference to the inter-
stratum distance matrix {Table 31) indicated
that it was reasonable to do so. In several
cases initial allocation of a stratum to &
group of geag raphically distant strata rather

(x‘: i

the

than to a group of neighbouring strata was based
o

small differences inter-stratum distance.

in

Group was
d]sfzﬂct species assemblage
were too few surveys in
1 for this apsrc&f? to
groups to be applicable.

Clustering of Stratum Groups into Stratum/Year
Groups

The ﬁpecacs and the stratum grstg .er all
1

symmer surveys were clustered {Figur
‘@@} Stra' n Oroups were CQﬁS?bt@ﬂLu
simiiar through time, as evidenced by the fact
that the same stratum groups in successive years

gsually grouped on the dendrogram (Figure

is is expecially true of the fast
ad, West Banks, South Fundy, West
She if “iaﬂ , and xﬁ§02 Slope

ted mean positions in discris nt space durx g summers 1970-1981. The codes are
= argentine; Bn = barndoor skate; o = Cod; Cu = cusk; Ep = eelpouts; Gr =

halibut; Lf = sfin hake; Lh = longhorn sculping Lt = little skate; Ms = mailed
= plaice; Po = lock; Rf = red fi; Rh = red hake; Rv = sea raven; Sd

= sandlanc oth skat orny skate; Ve = Vahl’'s eelpout;

s Wh o= = winter = witch; and Yt = yellowtail.
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Table 32. The species composition in the stratum Table 32. {(Continued)
groups over all summer surveys, 1970-1981 (Years =

mimber of years in which the species occurred, Average
average/tow = average number of individuals per Species Years Tow Percent
tow.

Cuter Plains

Average o

Species Years Tow Percent Haddock 12 46.5 38.68

Silver hake 12 28.5 25,2
West Fundy Argentine 12 12.3 15.5

fedfish 8 5.5 4,7
fedfish 12 12.7 14,1 Plaice 12 5.2 4.5
Wnite hake 12 11.3 12.6 Poliock 12 3.9 3.4
Haddock 12 10.1 11.3 Cod 12 3.3 2.8
Cod 12 9.8 10.9 White hake 12 2.0 1.7
Spiny dogfish 12 3.3 10.4 Yellowtail 11 1.5 1.6
Thorny skate 1z 5.8 6.5 Thorny skate iz 1.7 1.4
Plaice i2 4.9 5.5 Cusk 12 1.2 1.1
Witeh 12 4.5 5.0 Witch 9 0.9 0.8
Langhorn scuplin 12 4.2 4.7 Red hake 5 g.7 0.7
Pollock 12 2.6 2.9 Angler 10 0.6 0.5
Sea raven 12 2.0 2.9
Silver hake 12 2.6 2.9 fast Banks
dinter flounder 12 2.2 2.5
Ocean pout 1 2.0 2.7 Yellowtail 12 119.0 2.6
Smooth skate 12 1.8 2.0 Cod 12 57.1 18.4
Little skate 8 1.1 1.3 Haddock 12 40,5 1.1
Winter skate 9 0.6 0.7 Plaice 1 40.3 11.0
Cusk 10 0.5 0.6 Sand lance 12 35.4 6.8
Angler 12 G.3 G.3 Longhorn scuipin iz 18.7 5.1
Woiffish il 0.2 0.3 Thorny skate iz i6.1 4.4

Sitver hake 12 11,1 3.0
South Fundy Winter skate 12 2.8 6.8

Winter flounder iz 2.2 0.6
Haddock 12 125.1 58.4 Witch 1z 1.8 0.5
Cod 12 18.6 8.7
Longhorn sculpin 12 17.9 8.3 HE Mixed
Winter flounder 17 15.0 7.0
Spiny dogfish 12 7.6 3.6 Plaice 12 78.8 34.3
Sea raven 12 £.§ 2.8 Redfish 1z 48,6 21.2
Pollock 12 z2.7 1.2 Cod 12 35.3 15.4
Thorny skate 12 3.3 i.5 Sand lance 5 31,1 13.5
White hake 12 2.4 1.1 Thorny skate 12 8.7 3.8
fedfish 12 2.4 1.1 Witch iz 5.2 2.2
(icean pout 12 1.9 G.9 Silver hake 11 4,2 1.8
Plaice 17 2.0 0.9 Haddock 12 3.3 1.4
Witeh i2 1.6 0.8 Eelpouts 9 3.0 1.3
Winter skate 10 1.3 0.6 Yahl's eelpout 7 2.5 1.1
Yellowtail 8 1.3 0.6 Yellowtail 12 2.2 1.0
Holffisn 12 1.0 0.5 Whnite hake 17 1.4 0.6

Smooth skate 12 1.4 0.6
West Banks Wolffish 1z 1.0 0.5
Haddock i2 91.0 65.7 Cabot Siope
Spiny dogfish 8 18.3 13.2
Cod 12 10.1 7.3 Redfish 12 405.9 77.3
Yellowtail 1z 3.9 2.9 White hake 12 8.8 7.4
Wolffish 12 2.8 2.0 Witch 12 35.6 5.8
Halibut 12 2.0 1.5 Longfin nake i2 23.7 4.5
Thorny skate 12 1.8 1.3 Cod 1z 5.6 1.1
Plaice 12 1.6 1.2 Grenadier iz 4.0 0.8
Longhorn sculpin 12 1.5 1.1 Plaice iz 3.7 0.7
Pollock 9 1.3 0.9 Thorny skate 12 3.4 0.6
Central Plain Shelf Slope
Redfish 12 227.5 61.6 Redfish 1 152.6 61.0
Silver hake 12 68.0 18.4 Longfin hake 12 23.7 9.5
Haddock 12 20.0 5.4 Silver hake 12 22.5 9.0
Plaice 17 15.0 4.1 Argentine 12 10.8 4.3
Pallock 12 11.5 3.1 White hake i2 10.1 4.0
Witch 12 7.3 2.0 Plaice 1z 8.4 3.4
Hnite hake 12 5.9 1.6 Witch 1z 5.7 2.3
Argentine 11 4.7 1.3 Thorny skate iz 3.2 1.3
Red hake 7 1.9 0.5 Grenadier 12 2.5 1.0



Table 32. {Continued)

Average
Species Years Tow Percent
Shelf Slope (Continued)
Cod 11 2.4 1.0
Smooth skate 9 1.6 0.6
Basins
Redfish 1 209.0 £2.0
Sitver hake 12 81.6 24.2
White hake 12 17.5 5.1
Spiny dogfish i2 7.0 2.1
Argentine 12 5.5 1.6
Plaice 12 3.4 1.0
Pollock 11 3.1 .9
Witch 12 2.3 0.7
Thorny skate 12 1.6 0.5

s
I
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ced in the discriminant space created by
¥

three axes.

Coefficients of separate

te tion. These show the relative
imp ce of each varéazl on each axis. The
eigenv aiu@s show the relative amounts of group
separation accounted for by each axis.

Discriminant axes

Yariable Axisl AxisZ Axis3 Axisd
1. Ueptn 6.3  16.4 0.5 1/.6
2. Temp 0.2 24.4 Z20.5 0.4
3. in 6.2 33.5  21.4 5.4
3. 51 30.2 8.0 36.4 28,7
e 3.5 4.1 4.4 25.8
6. 13.4 13,6 16,8  17.1
Elyﬁﬁvd ues 6.1 1.4 0.6 Us3
Percent of Group

Separation 1.4 16.5 5.9 3.4

Stratum/year groups such as Labot Slope,
Shelf Slope, Basins, fast Banks, and NE Mixed
had the most distinct assemblages of species
{two-way table), and also occupied the most
distinct areas of the discriminant space. The
Labot Slope stratum/year graup is characterized
by relatively “great depth, intermediate
perature, intermediate Io ﬁzgﬂ salinity, and
! sediments, In relation to ths Cabot Slope
p, the other deep groups, the Shelf Siope
3a5ins groups, 1ie along gradients of
slightly decreasing depth, increasing
mperature, and increasing salinity, with no
ge in sediment size. The ELast Banks group
an area of the space with the shallowest

low temperature, and low salinity, with

most poorly sorted sediments, Tne
ixed group has shallow to intermediate
Tow temﬁerature, tow to intermediate
salinity, and interm QWGEQ sized and sort@ﬁ
sedimenis. rﬂv?ra@m%ﬁs paramenters withi
these groups are relatively stable.

is 1in
dpwth,
the targest,
e
depth,

Table
in the
3 of t?%e WA,

tratum/year group
efined by axes

o m
o

Main Group SYmbo |
+ separate on axes 1 & 2
1 0 separate opn axes 1 & 3
2
308
4 o+ 8
5 %
6 & 09 @
;7 808800
uter Plain %08 + 800
Yarmouth Plain g 0688886 0
West/Gully Plain A & +8+80 O
21 Plain B & B88880 9
ef/‘@@irai Plain L & +8 8888 0
D BB 8BBBEE 00O
Slope t B2 4960068085880
Slope F 0990000865806 +
123458789 A4L00UE

Most of the other groups are crowded
Ralf of axis 1, and are spread out along
These are groups with & wide range of
erature, low to intermed values of depth
fg‘xﬁwtj, and intermediate to h%gh values of
sediment size and sediment sorting. Within this

region, the West Banks are separated from atl

o

(ol

@

other groups except Scuth Fundy, and Cental Plaing

is well separated from Gully Plains, West Fundy,
and Outer Plains,
Axis 3 separates several groups in
es 1 and 2. West Fundy and Gully
, overlap compistely along axes

-~ N

are SEQdTatDG completely by axis 3. In
similar depth and salinity, but are sepa
axis 3 by a combination of temperature
size, and sediment sorting.

Further close inspection 9? T"" e 34
Figures 111 and 112 will ind
combinations of environmental varia@%eg are
;mp ortant in separating stratum groups. The
two-way table {Table 110} can be used to fden
each group's characteristic species ass
and then infer the physical habitat typi«

each assemblage.

Principal Coordinates Analysis of Stratum/vYear
Groups Through Time

The purgnsc of this anaiysis is o dete
if there is any major discrepancy between it
the discriminant analysis presented the
previous se»teeﬂé In principal coordd
analysis {PCOORD) the axes of the or
are defined Dy the species rather t
enyironmental variables as in the
analysis,

rrspert&@n @f th@
samp

nted for by the fJPSL axes is
b3“ 36. The distrib utxfﬁ of stratu
ca defined by the Tirs

Ur@ups in the spa
2xes are shown in zgures 113 and 11
point corresponds ts a single stratu
and the symbois are the same as used
discriminant analys
st?abgr year group
degicted is dete

a4
“

‘ﬂ:nfz d? coordinates analysis of
rough time,

value % 07 Variapce Cumu |

3 22.9
o4 35.3
9 .5 42.8
.1 6.1 48.5
7 4.3 53.7

The degree of
of stratum groups o
shown in Table 37,
85 are separate on
remaining 21 are sep




ot
wr
foi

PLOT % 1
SROUP SYMBOLS

PR,

/,/'/ \‘ 5
.////,/”’//

e N SEDSIZE

£ U e B B

)

VP OVERPRINTED IYR HP VP OQVERPRINTED
£7 9 i1 121

Fig. 113.

The distribution of stratum/year groups in principal coordinate space defi
The number/Tetter codes correspond to those in Figure 110.

ined by axes |



152

SEDSIZE
SEDSORT

L e 3 e

AX187
1 HIDDEH OBSERVATIONS

#e QVERPRINT TABLE ##
PYP OVERPRINTED
3

Fig. 114. The distribution of stratum/year groups in principsl coordinate space defined by axes 1 and 3.
The number/ietter codes correspond to those Tn Figure 110.



153

1on of stratum jy
by axes 1-3 of 2
. i
Symbo ] he
1 + separate on axes 1&2
2 0 0 separate on axes 1&3
308
4 8 8
5 08 0 incur S?biS O' Wd?
West Fundy 6 8009 shelf
Yarmouth Plain 7 B0 B8
Guter Plain 2 8+ 4+ 8880
Yarmouth Jiciw 5 84988868+
A B+ + + 880 it
B §6+868868¢60 dee
C 89686880606+
D #6688 86868800 Lon
E 888688886880 +0 m
F 99856885 806096 bank
T7345% GRECDCE and
ihi
of stratum groups ir e
space is strikingly ilar
sir distribution in %ezgzzeé discriminant
{Fi igures 111—l34 On axis 1 in principal

space the S?Oy@S and basins were well
from the banks. Mosi of the

5@para ion within these two group types occurre
on axes 2 and 3. The Bay of Fundy stratum
groups separated most on axes one and thres,
These groups were aiso close to or ﬁver?aaping
the panks on axes 1 and 2 but were largely
separated on axis 3. Tnhe least cohesive groups
were comprised of stratum groups at intermediate
depths, the plains.

L
pe

Y

The environmental gradients in both
p ipal coordinates and discriminant spac
5 lar to each other, and to these gbserve
individual surveys.

Le are
ed 1n

GEMERAL DISCUSSION

The primary ives this stuay
to explore the sp al patterns of }
species and groups of species on the Sco ’dﬂ
Shelf and in the Bay of Fuﬁdya The two maj

&

parts of
*rOJ dif

these objective
In the first ggrb
of each survey allows the
ion of ;atterﬁs of species
eﬁvzrﬁﬁmﬁn*a ariables which
the samrt ing design and gear,
now consistent these
to year was made Dy made
ts from survey io

r part atiempts io
Vemggrai consiste
but loses spatial

Ye are aware that in

s 45

Vey.,
address the
CSﬁStaﬂcy
resclutic

dojrﬂﬂjti depth strata we may v dy
have cut ac gﬁ boundaries with the 1 &
‘ect of atural spatial patterns. by v
the fo sions we will draw on the d t
results f as appropriate, £ 1
b A
i

3

2 &y s p

Pt (YD g e
[y} &

L]

oy et

omown
iy ¢
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=4

{
5




pt
(&2l
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W o 4

been observed
ae?sa? f%sh«s

l
I

v
)
!
1
1

T

o

unexpects

g tﬁaw 100%9
The two wa/

always occur

yvice versa.

1@ scag
factors. 7T ature,
depth is
ass0Ci
OIGsdglCﬁa uhﬁ“gﬁ»

GROUPS AND SPECIES INTERACTONS
of ciuster

can seldom draw firm conclusions about difficult ont Jﬁiﬂ
species interactions by looking at their joint 59t onsider clusters
tributional patterns. The main problem with | this study where the <
arpreting distributions is distinguishing the natially acqr e%itbﬁ the conti

i interactions from those o
wironment. Howsver, some
ikely interactions worth axplo
in this way. The summer 1s

L period of intensive feeding for

demers j hes, therefore any effects of

2ding interactions on distribution should be
most visiblie at this time.

The two main types of interac
predator-prey and competition, In the case of
aredator-prey relationships there should be
considerable overlap in distribution. In the
case of competition, tributions should be
complementary {(or reciprocal). However, some
wount of y%r”a& is to be expected at the edges

The Stufj area is suf ently 1
for there to be compiete
many pairs 0‘ species, Hov
two-way tables from individual ¥
this is seldom the case excngY
the depth gradient. For
and grenadier rarely encounter ye%?ﬁw-
flounder, longhorn sculpin or sea ray
Consequently, the possibility of
cannot be elimated for many species pai

el
discrimination
the larger

The likelihood
rs

e most likely can r%raLes for ¢
éﬁt@rart1c 5. One example of ¢
overlapping distributions 1s aﬂe spe i
yellowtail and winter flounder. T&e%m two
flatfishes occur in the same species group

4

indicating that they frequently occur together

d

i

b
[ )
W oW T

e
ed
a
i

. s be
The two way tables for each sur rvey suggest that ; SZ
when one 1s abundant the other is not, This is 5 ths
evident als so in Figure 110, which indicates that 10t
yeliowt best on the banks, whereas d of
winter flounder does best in ihe %a; of Fu o
and off SW Hova Scotia. Figures 103 to 10 e
indicate that the species inhabit similar 5




ruady;, aﬂd the
north east shelf
The g

ared

west baﬁn&?
of mixed depths on the
extanding north around Cape Breton,
th stratum groups, or plains 4s we termed
1, overlapped each other extensively, and
overiapped the deep and shallow strata to a
iesser extent.

and tnh ““y 0

natural grow
nt through t
Even if
ong the species are

y?qQS
e may

of species which are persist
to fishery managementi.
ineractions am
o conseguence in pro the patterns,
fact that thers are a relatively
hamagenous species composition may be of
in al Ilocating effort with the objective of

g yield from mixed catch fisheries
given the fqnstfaant of individual species
quotas {Brown et al. 1979, Murawski et al,
1982). A study sucn as this one would B€ one of
several aspects to be considered %n developing a
management scheme with the above objective.

As we suggested earlier,

iste
be relevent ge
biclogical

]

Yaiug

Other aspects would inciude the f;s%}ﬁ

patterns of the fleet, pragmatics of data

collection and Su?#c?} ance, and stock structurse

and migration.
15510114ty is that the patiern
some dynamical aspects of the
roups of fishes which occur
aphiﬁa??y inked. Tyler et
iscussed a agea%ﬁt épar3ach
£

2§ﬂK€G *gepzes group
>y ﬁg ine an assemblage region as spatial u

within which one or more biological units, APUs,
are represented.

The pattern of distribution of species
among stratum/year groups in Figure 110 is
compatible with the APU approach as presented by
Tyler et al. {1982}, d, their formulation
was partly based on analy

is of research trawl

1 in

s
tches on the Scotian She

I the 1960s
Knight and Tyler, 1973). The stratum groups in
this analysis were deTined on tfhe basis of

homogeneity oF species composition within years.
On the other hand, the stratum/year groups
rpfiecf hompgeneity of species composition

throught time {Figure 110). In this presenta-
n the stratum ¢ 5 would be the eguivalent

ar he species groups
be fhe APUs. This

jﬁﬁat ignificancs

the designai
Us WULiﬁ have to b%

shing patterns, stock
stiy that th

managing the unit
the same Speq
mblage reﬂl@ﬁ
fy %ﬁp tatrer

o

r

[a)

eF et e 4 ed
e}
W
i
D

IS CRE S SR

&
ES

Gay

In theory, by co
mblage regions as
there should be
e management error
interactions which
”ui;’swpciug“

boundaries. s are
critically depen inition
stock houndarie dels Gf

population dyna
“mu?iisgeiéﬂs“

definitions of
models of
This stud made a
towards the z*iOﬁ s
species gro
the Bay of
which exis
fried using
existing dat

tain appropriate
rogressively mo
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55 IF gaﬂ@ral these spatio t gral groups were

distinct in terms of their average
environmental characteristics. The banks
and the deep groups were most cohesive in
this respect. This suggests that fish
disiribution is strongly environmenially
aligned. However, 1T was not possible tfo
distinguish the relative importance of the
p@yaxcal environment and b?“i@gzﬁa;

nteraction to groundfish distributional
p“£€err

o

The temporal persistence of the cbserved
spatial patterns may be of value in managing
technological interactions. In regard to
defining functional assembiages’af
biologically interacting species, the units
defined would be a starting point for
further investigation of assemblage
dynamics.
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APPERDIX A:

THE CALCULATION OF 3@3; AHD Hy 51

measure for eacn ﬁgeﬂifﬁ a’sﬁg 2
ordination axes (see Appe ]
It is assumed that the or L3aﬂ axes
the major d”d@?@ﬁu& of biai ogical cha
Suryey 1

area, The overall breadth valu

Sgefze is the weighted average of the b

aiong all the ordination axes. The wei
the ave 1

ot

F=)
age are proportional to the d

i r
which the two samples being compared ex

A5

the ordination dimension in question.

8readth Along a Single Ordinalion Axis

First we discuss
along a single ordina
n

ure Ala shows Lh

calcu breadth along
samples are on the same

neak. 8§ is the score of
contains The peak imporianc
species, If more than on
same peak value, the ave

samples is wused, a7 and 551,

F 58?’%)4&5 3 and 1, 251
used f@ deferuiue if

rage

e sfﬁzo on the per
For pxa,piei
wi tﬂ the lowes

When both “aMyiw« are on the same side of

the species peak along

o
-3

I
< TI <V)
[ N e I €]

gt

we are
SUre
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W

rate at which the andardized species IF Xy 5 244, then
importance values are expected to be changing ’
area of the comparison. We are purpose
using an indirect means of estimating this
of change. More direct methods would make
contribution of the X difference to the ove
distance wholly dependent on 25 i-Sa41
For example, the actual rate of cwaag {s?gpe)
between samples i and 7 for species k is:

£
T

k-4
-

Consideri
found, Sap(q

]

i

is the score of the %amg

Assuming sional data, we would adjust which PdS zh% extreme score on &pec:cs i
the X di f' the rate of change by 2
muitiplyis ference by the reciprocal
of the s Bsgy is zauafsaly
pr@gaﬁt' )= The adjusted X
differen

l 3
wwwww Y giff. = ) WY =S sl

x X diff. LR YO Xicsl = 1841 -Sa3] -

siope

Notice that the X difference cancels out ard
only the difference in scores remains. AL this
point we do not want the ordination space to
determine the values of (. Instead,
ntion éﬁ that the ordination space
general orientation for an optimal use
ecies importance values in the X

siope 5? tn@ curve

Breadth With Samples on Upposite Sides of is most relevent, the bre
Species Peak i11 get much b g&%z weigh
', The exient ?s whnich two samg
When the samples being com a“"d are on axis a is simply

opppsite sides of the peak ai GP@ a dimension or ,
axis, the A difference will tend to decrease as gs&jwsaj; .
one of the samples becomes more biologically
dissimila from the ot herc For exampie, in where S rdination
Figure AZa, note that if sample ] were to be scores oF on axis a in
m@veﬁ to the left {further from sample 1), the X 17 nted average breadth

frereﬂce (ixyv*xk i; would decrease, a species sample comparison
sven Lthough *%é’%wo% gical chaﬂge is increasing. n
To ceaponsatp for th debreaséng % difference, 55 ! obisxa
the breadth value muﬂt be increased. Hote that a=1 -
the siope of the curve on the left side of the T e e .
peak determines how rapidiy the X difference i
decreases, The steeper the slope, fhe faster the h §Sa5~sai§
decrease, Therefore, we would want the increase a=] ' Y

in breadih to be proportional to the SEVQQ,
This can be accomplished by using § ap
as the breadth. The effect of siope gn ,

an be seen by comparing Figures AZa and ﬂ/%

wtefe only the left hand slope differs, wWhen samples 1 an
of the peak, there wil
To calculate sz -5 §g note in Figure differences can approat
423 that triangles rBH afié rag are similar. Thus, the % difference gets
for species ' of Byi, and the ¥ diffe
close ts SO wWe can
1 to e this pro
I P s the ting fr
Sar 3?? nd j are
The sites as
where X, : is tne transformed, maximum the BrTOr,
standardized species import &“cm value for
species k in sample j. With rearranging, Rather than tryl to furthe
this distortion, we will downwe ?jﬂt ;Qrp
fﬁﬁq‘garg = §g&§~sar§ ?avs?g?ng «peﬂ?es with importance values
e . opposite sides of the species peak. The
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comparisons in which the sample

further from the peak value, 1
accomplished with ¥yq,

The same ordination
Bysx is used to calculate

based on the position of
ared refative to the position of the peak

Tnis information can easily be found
each ordination axis by comparing the scores
the peak sample and samp les in question,
example, in Figure Alb, 1t can be seen that

samples i and ] are on the same sides of the

peax on both axes. Tnis would be obvious from
examination of the scores along these two axes,

se whers the sampies are on
of the species peak on axis a, ¥
alculated as:

ized import
T. More exp

# 3
B 0
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m= 2 mel

where uy, 75 the unigueness weight for sample

m, Ty, 15 the square e-rooted species

importance vaiue for species k in sample m, and
o is the number of samples with species
importance values greater than zero.
weights in the standardization are a mea
each sample’s biological uniqueness {Sm
1976; Smith and Juggennesn, in prep.}. t
standardization can be affected by uneven
sampling of habitats {Smith, 19763S and the
weights correct for this., The species mean
standardization giyes higher values to species
that nave a well-defined peak in & limited range
of mab%tat: {Smith, 1876). These species are
more sensitive indicators of overall biclogical
change than are species with poorly-defined and/
or widely dispersed peaks.

H

of the peak on axis a,
ﬂqsxa wi for species which are

near their peak at least one of the samples
being compared, and lower when both samples nuye
yvalues further from the peak. Also, species
with better defined peaks can nave nhigher

#ijka values.

iary, when the samplies being comparad
i ides
3

>%°ﬂ b@t“

Y va“ﬁ;fz
e peak ue for
ighest W values

samplies on fhe same

is the weic
With Biqx,

which 1 and ]

is used as the weight.

ot
o
o




APPENDIX B: THE ORDINATION SPACE USED TO
CALCULATE Hjjk AND Bjji

s

NING A DISTANCE

the zero adjustment
Targely on the
y independent

~sample G?Staﬁca5= e
0 use the E. o
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1 relation to species
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5
ies Dﬁ‘?rj compared
and breadths.

The same properties that make £, ideal

for calculating Z,. {(i.=. uaderﬂsTaza’ed

shorier d15{aﬂce5§i however, make £y

poorer measure from which to buiid ag oruanak ion
space, Thus, instead of using &ijj which
utilizes only species that are ab%ent from one
of the €w0 samples being compared, we use

izes all species absences.
émpfcuﬁm the shorter distance sstimates.

A throughout the
the calculation of
{the degree of

bsknce of sample 1) as a negative
importance s ecies can thus be used to
detect biological cbapge ayen after it reaches z
value of zero, because it continues to become

sing {Swan, 1970). This is somewhat
equivalent to extending the species curves bejow
the abcissa as shown in Figure A3,

Figure A3 illustrates an important propertly
The absolute values of the slopes
@f the curves below the zero line are
approximat ij equal. This is due fo the fact
that the M, . values are all calculated from
the same ?ﬁ er- >§ﬁCiG> dzsfar ce wat;zﬂ, Thus,
when calcutating £y, or €745, it i3
unnecessary to a t for d%f?ere?t rates of
e
i

?...»

change {or slgpe) for the different species |
is necessary when caiculating Q?J;s

3

-

The formula for L 55 15 a weighted
average very similar to that for Byt
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Weoyse
1957; Gauch and S¢
an ordination space
matrix. Ordination
repeating two basic steps.
chosen as endpoints for an Z2) An
ordination score for each sample is then
calculated from the distance between the
in guestion and the Lwo endpoints. Bray
Curtis gl? 71 accomplished this by hand,
Beals {1960) demonstrated how to accompl 1sh this
maibemcizaa,,y. The relationship between sample
k and the endpoint {1 and j) can be described
geometrically {Figure A4). Here, i and ]
represent the endpoint samples, k is the sample
for which a score is to be calculated, the D's
are the distances between Lhe corresponding
samples, and S, is the score of sample k. S
is calculated as follows: i

s 3t

1) Two samples are

B%j
The Selection of Endpoints for the First Axis

The longest distance is traditionally used

to define the endpoints of the first axis. This
can create difficulties when there are ti for
the tongest distance, or when one or both of the
samples represented in the dist ance are exireme
cutliers, Choosing an outlier would tend to

obscure information about the bulk of the
sampies.

de follow Beals' {1973)
consider the variability of t
each potential endpoint. xtreme outliers will
nave a lower variance of ﬁ stances between
themselves and other samples, because these
distances will be uniformly long. We calculate
an index, l.;, for each potential sample
pair. The 3aﬂp3@ pair with the highest index
value is used as the endpoint pair. I, is
alculated as: -

suggestion and
he distances to
i

¥
Z

where V§ is the variance of the distances
between sample 1 and all other samples, V. i
¢ variance of the distances betwsen sampie
d all other samples, and O, is the
stance u@twceﬂ samples i and P
i

f=1

[T T

11d be highest for sample ggzr
but not extreme in position in
of the samples.

b R T

ion to the re
Selection of Endpoints on Subseguent Axes

Proposed methods of finding endpoints for
subseguent axes are somewhat crude and
subjective, and can lead to naﬁpe?pendéaular or
correlated axes {Bray and Curtis, 1957). Or
(1975) presents a method for projecting @ﬂt@

erpendicular axes, but this s*i?i Qeu, not
sclve the endpoint selection p

We propose an objective
of endpoint selection in two
residual distance between Lwo
(0%45) is calculated as follows:

7

where Déj endpoint

i
selectioh a the evious
axis, and S of

samples i i 15,
caiculated, D ij & O

the Tirst axéS} and calculate
scores. The use of the residual distances
assures that the scores on i different axes
will be independent {Beals, Al
sucLessive axes are based on ng rezicuas from
211 previous axes.

Choosing the Humber of Axes

We can compute the amount of variation
represented in each axis {V,) as:

v, =

where n is the number of
S; are the same as above. 3
atount of distance between ¢ noles along a d.
To obtain the peraeﬁt f 5
aroounted
culate

the original di
tive percent of
S up to axis a is

re Ui is the distance
i

5
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Fig. A4, Calculation of the ordination score for entity k on the axis with endpoints
the distances between the corresponding entities and S, Ts the score for k.
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Fig J;;;e Two o; many hypothetical species along a single gradient of biological change, showing how
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