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ABSTRACT 

t<,~liaii, ri,, R , ' r I ,  S m i t h ,  3-9. h e - n s t e i n ,  j,5. Scott .  19894, S p a 3 i d i  d i l l  7enpora: ')&terns of 5r-ounclfisil 
Distr?bi?Piori an the  Scotjdfl Shelfar id in the Bay nf Ftintiy, 1979 - i381. Cai?. 7 ~ c n .  Rep, Fish. Aquat .  
Sci .. 1300 : 

i h ip  spaxiai arid terncoral pazter'is sf r o u n d f i s h  lis"criSii".,ii:i~ (jfl t n e  Scistian Shelf and t h e  ijay of Findi .  
,~dere explored !;sing c l u s t e r  andiysis  to define s j t i ?  iarlri species  grct:ns a n d  d i  s c r l n i n s r ~ t  hnalysi s t o  
de termine  w h i c h  environnenLal variables  gave the  g r e a t e s t  amount of separat ion cf s j t c  groups. O f  92 
d e ~ w r i a l  f i s h  species  observeid ':ri the 12 year traw? S U ~ W ; ~  ser ies ,  31 were I :ncI~ded i n  the an, l lysi i .  The  
enviroirmencal d a t a  used were: depth, s a l " i u i t j ,  temperature, and sedililcnt type, A n w  inter-sample dis tance 
index was used a n d  i s  described i n  d e t a i l ,  The l iner-species  dis t~ances were estimated using the  wo-s tep  
rnet_i.-~of? based :In the  Bray-Curtis I ndtx, 

%he f i r s t  appr3dch W ~ S  to  carry out s e p a r a t ~  analyses For edch of 'weliie si~imer, zliree soring arid t h r e e  
f a l l  surveys. Subsequentamalyses ;dew dimed a t  synthesizirrg these indivir!ual suvvey analyses and a t  
gaining 3 temporal ~ e r s p e c t i v e ,  

Tne s t r - i t i i l g  nbservdtiofi on the analyses o"he sumiwr surveys in s i . r r i t i a i . i t : q  ocjf species 28116 s i t e  
qrouui rigs frail year to year ,  The r e l a t i v e  iaprirtaacc of entrironrenta1 ~ a r i a b l a ~ ~  l;n provfdi ng c,i e - g r o ~ p  
sfpardt ion was a l s o  cons i s ten t  t h r o u g h  time, as  were the r e l a t i v e  e n ~ i r ~ n i n e n t a l  preferences of "Le 
i ndl vidual species. 

:n the f i n a l  stage of the ana lys i s  s i t e s  were agg rega t ed  wjitnin sampling s t r a t a  and cluszered on the  
basis  of s imi la r  species coinpasieion within years ,  Grouos of s t r a t a  were defined on the basis  of t h e  above 
jlrocedure and the geographic p r o x i m i t y  o f  the s t r a t a ,  Then, using the strp-atiim groups i n  each a f t h e  twelve 
yTars as  input a fu r ther  c l u s t e r  analysis  was ca r r ied  ou t ,  In general the same stratum groups tended to 
c iusrer  together  th ru t igh  time ii .e ,  basiins clustered with basins arid banks w i t h  banks], Bi scrinninant 
anaigsis  o f  these stratum (year groups found  the sane configurat ion of environiwnta! var iables  a s  had 
pinpyqed in t h e  year by year analyses. ilepth and sedi.iren",aart.icle s i z e  contributed primarly to the  f i r s t  
!liscrin~inan",xis, temperature t o  the second, with s a l i n i t y  centribrlting eaua l ly  iro both axes. 

The olderai 1 p ic tu re  i s  one of a systfrz in which the species d i s t r i b u t i o n s  a r e  s t rongly a7iyiit.d w i  t n  thi? 
nirysicai il-nvisoa~writ, and cons i s ten t  through timi The possible varuc? of t h i s  consistency i n  fomu la t t ing  
nu1 t i s p e c i e s  mnagement approach i s  discussed, 

Mahon, P,., R , X ,  S m i t h ,  B,B, Berns te in ,  a n d  Scott.  9 Spdtial and Tempordl Petterns of Graundfisn 
Birtributiorz on t h e  Scotian She l f  and  In the  Ba;; of Ftrndy, 1970 .- 13%, Cdn. T e h ,  Rep. F i s n -  Aqust. 
S c i ,  1300: 

Cri il explor.6 3es s t ruct i i res  s p a t i a l e s  e r  tiiinpori~lles de l a  r6par"ti"zia; c e i  poissons de fond jkir ? e  
oiiitcali continental de Scotian e t  dans l a  baie  de P~iorJy, Pour ::e f a l r e ,  on s i e s t  servi cJe i ' a n 3 7 j s f i  p i i : .  
g r a ~ ~ c s  POUP. d 6 f l n i r  IC?S groLapes d\esoGces et Ins gpciines dieendraita rie pr6liivenient e t  de l i a n a i y s c  
d i  scriminante p o u r  diternif ner quel let: var iaoles  env~irc?nremeetales per'~:ett,aient dkoi>tanir 13 plus importante  
l i  ff6rer?ciahlur: d rs  groupes iftefid3-oits de pr616vement. Sur l e s  92 esp5ci?s do pnfssons beiithfrjues o b s e w 6 e s  
aci COUP,; be 1.: i6 r ie  de relev6s p a r  cnaltats szr tine p6r.iod'e de doiize a n s ,  31 esnPcris ont 6tG tnuch6es dans 
l ' i?ndiyie. ILes doiln6es environnemeataies u + i I  i sSes oiaf 6P.F la profo i ide l i r ,  l a  sal i n i  tS, l a  tmpGriti_ire et i e  
Lypc de s6diwnt. .  Glu s l e s t  serv.i d k r ~  ea,~?;ei i n d e x  Ces d i s ta r~ces  e n t r e  l es  pr~lGvencnts  d % c h a n t j l  !ens, i i d i  

e s t  d k t - i t  en d6i -a i l .  311 ~l 5 ~ a i l i 6  lea  dis tances tinrre 7es espsces a ~ i  moyen d k n e  m6tnvde en deux t m p s  se  
f ~ a ; i a n t s s u r  i "ridex de Jray-Curt is ,  

La  i lreniere i t a p e  cc7nsZctai i 3 ef fec tucr  d ~ 5  aralyses  d i  s";inctel; pour cnac:iii d e i  reiev6s rgaii s 6 s  ilii 
cours de datize 6 t g s ,  de t r n i s  pr-intemps e t  do troois autonnes. i e s  analyses arixqueiles on a proc&iG enstii t e  
6 t a i e n t  ax6ec sur l a  synt"?se des analyses d r  ciiaque relev6 ei, siar Y'obtentlon d'gn point de vuo :mpo.reP. 

i ' ~ b s e r w a t ? ' u n  ?rappanire q i i  se dggage ties analyses des reIeii6s d'6t6 e s t  1 2  resserblanee des y r w p e s  
d 'esp6ces e t  des groupes diendri3fts 3e pr6l6"icment dbune ann6e 2 i "utre, F'iinportance r e l a t i v e  2 s  
variables  environnemntaaIes dam 3 'otprenhion d i  une dlfffrer lciat ion des srilupes d kendror'ts de p r6 l fvenen"Lc  
maintieox e l l e  aussi dani 4e temps, cmme d ' a i i l e u r s  l e s  pr6f6r-ences enrirannementalcs r e l a t i v e s  ce chaq i le  
espiice.. 





INTRODUCTION 

A t  present Canada's Atlant~c fisher~es are 
ilanagrd on a stock-by-stock bas~s. There IS, 
however, general recogri tlon tnat r nteractlons 
Jnioi7g specrec are a~ important factor wnlch 
s h o u l d  be cons~dered I n  the maqagement of 
'ishery r?sogrces (Aqbson aqd Lenarz 1917, 
Mercer i9821, There Is a variety of sn~1"t- 

es apsroarrh~s to miragerent, a1 l o f  wClrch 
dre i n  the earlj derelop~entai stages as regards 
th~r r pract~cal appi  rcat~an, Is the s~rnplest 
srluat;on there may be no bro~oyrcal Inter- 
actions daonq coexl st1 ng sneci es which are 
F1sirfi.d together, 9ut there nray sSt11l be trade- 
oifs r n  optmrn~z~ng the como~ned yreld of the 
s p e i ~ ~ s  or ~n conserving one or more of them 
iYuraksii I 1983 1. knotcler approach, anal ogoiis to 
2 s i  ~ g l  ?-species sdrolus p r o d u c t 1  on model, 
I ncoraorates the Inter- and r ntra-spec! f ic 
responses o f  the coexlstlng oopulations, but 
does not account For them explicitly, consrd- 
eplng only the product~on and y ~ e l d  of the 
assemblage as a whole (Pauly 1879, dailiday and 
9oubleday 1975). Mare detailed approaches may 
attempt to account explicjtly for the effects of 
2reda"c ran, cornpet1 t~on, and env~ ronmental 
factors, arca to devel crp systems o f  r ntesactl ng 
srngle species models (Anderson and Ursrn 1977, 
Pop- 1982 1 ,  

Yegdrdless of approach, one common problem 
I S  tPe dellneation of t h e  cornunity or assern- 
blage "or which the strategy should be 
devel on&, Marrne systems are particularly 
orohl ematr c in t h  I s respect as they are large1 y 
'"peen systems" and ~t is necessary to consrder 
b o t h  ~nternal interactions and external 
tnfluences. ideally, the assemblage should be 
def I ned In such a way as to mlninrize the 
~xtsrna? r~~luences. Hoqever, For an area sucn 
nS tne Scotlan %elf It Is by 10 wan5 obvioias 
hw to place arvrsrons whrch would be both  
ecolag~cal l y  meaningful and relevant as manage- 
vent LYII~S, 

3-e dpp'uach l a \  been to look for comb?%- 
atfurs of species that consrstently occur 
tqgether t h r ~ g %  t i m e ,  IF sucn assemblages are 
fotion to be spdtr a1 ly  d~stinct and temporally 
itable, tlieri l tccai ;  oe dssinined that the soecles 
are rea~"cry to s o w  common pnyslcal or b i s t ~ c  
env? ronrnent3l "actors, and the? r potential as a 
mzoagefnept u n i t  can be further explored, 
Class~f~ca-c~or: i o r  cluster) analyses are mcst 
dparoprl ate for def~ n~ qg assemol ages (Tyler 
a \ ,  19823 and bave p r e v ~ o u s l y  been used For - 
neii3ersai fr shes o f f  Oregon (Gabriel and Tyler 
2980; 3nd on Cearges 3 1 ~  dOverholtz 1982). 

An earller analysis o f  assemblages on the 
Scatian Shelf, based an one year's data with 
liniited geographic distribution, was promising 
!inight and Tyler 19731, In this study we will 
fur",i?sr explore t h e  possi b i  1 ity that there are 
natural assemblages of demersal Fishes on the 
Scatian S h e i f ,  and the distribution and temporal 
s6-' ~dDi ; lity of any such assemblages* We will also 
attempt to relate these findings. to available 
i nfomdtion on the physical environment. The 
s tudy w i l l  be oased on a 12-year t i m  series of 
7isearcl.i vessel groundfish surveys on the 
Scotjan S h e l f  and i.1 the Bay of  Fundy, 

THE STdDY AREA 

The area under  cons~derat~on 1s the eairre 
Scotlan S h e l f ,  I E ' S  slope, and the Bay of Fcinny 
(Flywe 11, The followrng descr~ption 1 5  
summarl zed from richup1 (1368) and Heeze~ 1. 
(19591. The shelf is abodt 690 kio long ai.d frun 
110 to 120 km wide, 7s  the northeast i t  is 
separated frm the Grand Banks of Newfouildiarid 
by the iaurentian Channel, To the southviesz, 
the Norti;eas"channel separates i t f f r m  Georges 
Bank, The topography of the Scotian Shelf is 
complex, as r's typical  of glaciated shelves 
[Uchupi 19681, Along t h e  shore i s  a rocky zone 
about 30 4 m  w i d e .  Seaward o f  tb rs zone i s a 
relatl vely flatdcsed of I ntemediate de~th i lE-  
150 m9 in which are several eep b a s i r s .  O f  
these, ehe largest are Roseway 1185 m), Lafiave 
(269 m) and Emeral d 1291 rn) Basins, Towards W e  
northeast the basins are particularly dendritlc. 
Along the outer margin o f  the sheif is a serles 
of flat topped ba~ks of various srzes, separated 
by lw saddles, 

In the Northwest the study area rncludes 
parts o f  the Georges and Jordan Basins, and the 
entire Day of Furid1 which is about 250 k.r long 
and from 50-100 krn # idea  Depths in the latter 
range from about 50 m pleas the near4 to about 150 
m near the mouth where there are a few deeper 
holes- 

The ci rculatron and water character strcs 
of the Scotian Shelf are complex, in keeping 
ni th the tapograpliy, and the fact t n a t  tl~e 
waters originate From thre, m a ~ n  sources run- 
off f r m  the G u l f  of St, Lawrence, the Ldbrador 
Current, and North Atlantic water (Houghton et 
al. 1978, P a  %nni",i pem. ccwnm,), The last o r  
E e s e  includes dater f rm the Gulc Streaw and 
the central North htlant~c. I n  summary, 
Labrador Ciirrent ~ater enters the Gulf of St. 
Lawpence mere it mixes w i t h  the w n o f c  +a ter, 
then flows out through the CabotStrail: and 
along the Scotian Sne4 f parral lei to the coast 
as t h e  Nova $cotran Gurrerlt ISutcIr f f e  g 29- 
19781, The fate of tills dater- as It m v e s  onto 
the southwesterr half of the shelf 1s socr ly  
knorln. Some 1s apoarently d~verted off  shore 
!Smith 1373) a ~ d  some corrtlnties along the coast 
turning north west arsund the socith ~ e s t  t i p  of 
Nova Scotfa, 

The water of the Nova Scatlan Currert I 5 
relatively cold and fresh, As it moves a1 o n g  
the shelf it mixes w i t h  warn s a l i ~ e  dater f r m  
the snelf slope, particularly in trze reg:>n of 
the Scotian Gulf  at aid-she1 P (Msughtan c"l 
19781, 

I n  the Bay of Fundy, dater from "te ,9415'  OF 
Valne en-cars on the soiatli s rde  dnd exits 1 7  o n g  
the riorth shore towards Cape Cod 131gelow 1927). 
tine of tne most pramrent features of  the B a y  of 
Fundy 1s extensive trdal rnlxlng, 

T h ~ s  account is intended osaly to ~ n t  adlrce 
the reader to the study area, Further de a14 5 
of the physical oceanuqraphy o f  t h e  reqlo are 
available in, and in ri?ferences cited Sy, 
Sutcliffe z. 319761, 





Fig .  2. Sampling straid on the Scotian Shelf and i n  t h e  Bay o f  Fundy. 



The 701  iow~ns 1s a stepwsse overv~ew of the second 1s an dttemvt t o  corrib~ne surveys and thus 
dild3ys1s w f 3 1 ~ n  can 5e considered ~n two par t s :  cut  across tlme I n  a single analysis, 
the  f ~ ~ s r  1s the survey by survey ana lys i s ,  the 

----- STEP RESULT 

DATA PREPARATION 

S l j  species  and s r t e  s e l e c t ~ a n  

12) t r ans format~an  and standdrd- 
~ z a t l o n  OF specres  abundance 
d a t a  

53) e s t ~ m a t l o n  of n rss lny  values 
t o r  envi ronmental data  

ANALYSIS OF EACH SURVEY 

54) estiniatiun of  r n t e r s ? t e  
and ln re rspec les  (relative 
n a b ~ t a t  preference) 
dis tances 

S 5 j  c i t s t e r i n g  of specles  and 
s r t e s ,  and o r d ~ n a t i o n  o f  
these w l t h i n  the  t o n s t r a l n t s  
imposed by c l u s t e r  s t r u c t u r e  

S5j asssgnnient of s r t e s  and 
specres t o  groups on the 
bas i s  o f  res:ilts 3 and 4 

57) d ~ s c r a m i ~ a t i o n  amoq s i t e s  
grodps on t h e  basis  o f  
env~ronrnentai v a r ~ a b i e s  

S8) c a i c u l a t ~ o n  OP discnm'inant 
ax l s  scores f o r  eaca s3 te  

S9) calcu:aZ?on a t  s tannard~zed  
values f o r  each ipec les  and 
erva ronmental v a r ~ a b l e  a t  
each s l t e  

SlO) summarl zar:on of species  
groups  across a i l  years  

511 j sumrnarlzat~on of spat la1 
u n j t s  (sanpl r n g  s t r a t a )  
across a11 years 

S12-S17) repe t i t ion  o f  s teps  4 t o  9 
above us ing  aggregated 
s p a t i a l  u a i t s  i n  each year  
as  s i t e s  l , e ,  including a i l  
years i n  a s ing le  analysis  

R l )  matcnlng inatrices of s l  t e s  
(trawl s e t s )  tames species 
and sites tlrnes enilronmentdl 
c a t a  

R2) d i s tance  n a t r i  ces 

R3) s i t e s  and  specles  dendragrams 

R4j two-~ay t a b l e  o f  s t a n d a r d ~ s e d  
specws  aoun2ances a t  each s l t e  

R5) s l t e  and specles  groups 

ANALYSIS ACROSS SURVEYS 

Prml neLI R 6 j  d1scrlmrnant spdce det-  
by t h e  d i s c s ~ n i n a n t  functr ons 

R7j sites and s ~ t e  groups displayeo 
i n  d l  scrarnlnant space 

RB) gradients o f  environmental 
vari ab i  es  and spec1 e s  
abundances I n  d ~ s c r ~ m n a n r  
space 

R9) overal l  specres groups 

K?0] stratum groups 

Rll-R17) same as  r e s u l t s  2 t o  8 
above ~ u t  snowing In te r -  
r e l a t ~ o n s h i p s  o f  spatial 
un l t s  t n r o ~ g h  time and tnelp 
r e l a t ~ o n s h ~ p  t o  t h e  ~ n y s i c a l  
envl ronment 



Depth, Temperature, and Salf nt t y  

Fish Dtstributfon 

i b e  data to be analysed are the catches 
taken on research vessel groundfish trawl 
surveys of the Scotian Shelf and Bay of Fundy 
( T a b l e  11, R s t r a t ~ f i e d  random sampling design 
has  used i n  these surveys, with s t r a t i f i ca t ion  
by depth and geographic location (Figure 21.  
Further detaai 1s are given by Doubleday 11981 1 
and ~y Hal 11 day and doeel l e r  (19815. For the 
sumer surveys, 4,T, Cameron, a Yankee 36 trawl 
iaas used, ring and f a l l  
surveys3 tern I I A  trawl was 
iised, 

The target duration (on bottom) and average 
speed for  each i w  were 30 minutes and 3.5 
knots-  Phis gives a "standard towhof 1.75 
nautical nriles, When duration or speed varied 
from the target values tire catch of each species 
was adjusted toca tch  per "tanbard tow"y the 
fac tor  1,75/actual distance towed. 

Selection of S t  tes  and Species 

r:nly trawl tows within the area comprising 
s t r3 ta  40-95 (Figure 21, Scotian Shelf and Bay 
of Fiindy, were used in th i s  anlaysis, Tows 
wclcPS were less than 20 minutes in duration Here 
excluded. 

Tnere were 91 dernersal f i s h  species [or 
groups of specres) i n  the tows which were 
retalned For analysis ('Table 21, This excludes 
several ~nvertebrates and pelagic Fishes 
commonly taken irl these surveys. Cf the 94 
denersal species, only 31 were considered to be 
s u f f ~ c ~ e n t l y  abundant to be included in the 
anaiysrs, These were a l l  species which 
contr~nuted more than 0-14 t o  e j ther  total 
curnaers or total weight, or more than 0.05'6 t o  
both  total  numbers and t o t a l  wefght, These 
species are underlrned I n  Taole 2 which shows 
~ o t a l  numbers, total weight and total  number of 
occurrences For each specjes aver a l l  surveys, 

Table  1. Oeta:ls o f  tne surveys included i n  
t h ~ :  analysis, Thew are two cruises per 
si~rvey. 

Al88!Al89 June 29-Julv 22 1971 52/61 
A230/87iil June 231~~1; 19 1372 66/84 
A2121A213 J u l y  9-August 3 1973 65/78 
42251A226 J u l y  8-kug~st  3 1974 a/80 
A2361A237 Ju ly  15-Ai~gust 6 1975 72/71 
A250/P25l July 12-August 5 1976 54/77 
4255/A266 July 9-July 30 1977 91 /54 
8239i4280 J u l y  9-bugust 4 1978 79/63 
A2921A293 J u l y  6-July 27 1979 80/72 
A305/8307 Ju ly  7-July 27  1980 63/85 
A 3 2 1 i A 3 2 2  3uly 4-JuIy 25 1981 70 / 74 
qOiYhG14 March 5-March 29 1979 47/73 
'025/1027 Oct. ? ~ - N o v .  8 1979 68/70 
.i033/A034 illarch 5-March 27  1980 49/58 
i042iHii.43 Seiit, 313--0ct* 22 l983 65/72 

"148/9049 Feb, 23-March 19 1981 73/48 
1.1054!-11355 Sept, 30-0cL 22 29882 64/65 

A = A," .  Camerorl, H 

The average depth o f  each row, a s  
determined by echosounder, Mas iised. Bottom 
temperature was determined by mechanical o r  
expendable bathythemograoh and by reversing 
thermometer. Sal inity was detennr led by 
t i  t rat ion or with a condcclivity sal l nmeter.  

Sediment 

I n  order t o  assign sedarnent cnarackerise~cs 
to each s ta t ion ,  we used a series of charts 
delimiting the areal extent o f  different 
sediment types on the Scotian Shelf ( K i n g  1971, 
Fader e t  a l .  1982, Fader e t  a l ,  1977, King 1970, 
Maciean and King  1971, Maclean e t  a i ,  1977). 
The approximate amounts o f  gravel, sand, s i l t ,  
and clay in each sediment type ( K i n g  1967) are  
shown in Table 3, Because o f  the apparent 
variabil i ty in and uncertainty about the 
percentage contribdlion of  each size fraction 
to each sediment type, we ranked the sediment 
types within each size fraction occurring in 
each sediment type, For example (Table 31, 
Sable island sand and gravel (75% gravel 1 
contained the most gravel and received t h e  
highest rank for  th i s  size fraction, but  
contained no s i l t  or clay, and thus recelvea the 
lowest rank for  these s i r e  fractions. ge 
emphasize that  percent composition was ranked 
across sediment types and wi thin size fractions,  
and that  a "rank" of zero was given to size 
fractions with a value o f  zero, In add i t~on  tne 
s i r e  of the different fractions (gravel, sand, 
s i l t ,  clay were expressed as consecutive 
integers (4 ,3 ,2 ,1 ) ,  We f e l t  tha t  the uncertar n 
nature of the data did not warrant more exact 
quantification, 

Table 3. The percent contribution of each 
sediment fraction to each sediaent type (above 
slash) and the rank of each sediment type within 
components below slash 1 ,  

Sediment 

Sable Island 
sand and gravel 

( 50% gravel 1 7517 2512 O/O 0/0 3-78 0-42 
(undet) 25/5 75/7 010 010 3.42 0,42 
( 50% gravel) 50/6 50/4 010 O/D 3.53 0-49 

Sambra sand SSJ4 6816 1314 414 2.56 1-07 
Seotian She4 f 

d r j  f t  3/3 6415 1715 1615 2.33 1,05 
Laurentian 

These d a t a  were then used to calculair; the  
weighted mean and standard deviation of se l inent  
size,  The ranks within each sediment slze 
fraction (Table 3 were used as the weight,. 
Table 4 shows the correlations among the 
sediment variables. 



sol. 7. 1;1? : f i t 3 1  s a r ~ s t c d  i.dmers a d  y i i l ~ g n t  ( k g )  caugh t  ano the frequency of occurrence of groundfl  sh 
S ~ec j i - -S  the  S t O P , ; a n  Sbeic ir:  the summer surveys 1970-1991 a p b  -ti.]@ spr i r l ig  and f a l l  siirveys 1949- 
19% ! 5 3 ~ ~ 1  US nanes r e f e r  t o  the numbers column only ,  the w e l g r ~ h a n d  freqiaeqcy vo lumns  are reorded.1 



Threebeard  Rockl ~ n g  Ga~dropsarus ens? s 
Muileris Pear l smde  
Nortnern Searob; 
Gelac~nous Seasn 
hain DrayonFi sh 

Fmsh Doctor 
Greer 1 and Cod 
Esmarks Eeipou 
Common Woi f Ee 
N~wfoundl and Eel 
Rock Gunnel  
Stout Beardf I 
khr Ce B a r r a c u d ~ n a  
Pourspot Flounder 
Splnytall S k a t e  
Armored Searobi  n i aturn 
Rauqnnose Gresad~ 
Longnose G r e n a d ~ e r  5 
Striped S e a s p a l l  LI 

h e r 1  can John  
Short Barracudlna Paraleois  a t l a n t i c a  
Barrel f I sh 
iieardf: sh 



Iabl  e 4, Coyre1 a t i  ens mmanc; the ssedi inen", 
variables. 

The f r ~  gr, : n t e r c o r r e l a t ~ o n s  present (Table  
d l  can cause c o r n p u ~ a t r o n a l  problems r n  same of 
;he ~ n a i y i e s ,  arld can 6lso make In te rpre ta t ion  
inore di F f ~ c i a l  t, be therefore tran~famunerl the 
secf~rneqt data t o  three rcw I ndependerit v a r ~  aSlr-s 
4 i th P P I  acI pa Y cmponents anal ys I s i&oeley a n d  
~ o i ~ q e s  197% 3 .  The scorer al: the FT r s t  th ree  
axes were used as v a l u e s  fur tnese l e d  
i a r  ables,  The nersent o f  vdrlaqce i n  each a x l s  
1s shown I n  Table 5, 

T a b l e  5, Percent tarlance of principal 
components. 

Tb ese axes car be In te r~ re ted  by erarnlcang 
t b 2 *  ~o r rp i iq t~ons  between the sedrmenl: va r iab les  
dnd t h e  p r r  nc lpa?  canpoaent scares on each ax is  
(Table 65, Yne PI rst pra ncipa1 component is  
h ~ g h l y  cor re la ted  W I  t h  gravel and mean s i r e  a n d  
hrq r# iy  r e g z t ~ v e l y  cor re la ted  w'ith clay and s i l t ,  
Thts, samples w l  t h  generdl l y  coarser  sediment 
w i l l  hade h ~ g h e s  scares and those w i t h  Finer 
sediment will nave l owe r  scores an prrncipal 
component axls  1, hie ca l l  thys v a r r a b l e  
SEDSIZr ,  

T a b l e  6, Garrelations of the sediment 
vsarfariles w i t h  the f i r s t  three principal 
compocn~ts (PC) .  

The scores on a x i s  2 are primarily 
c o r r n ! a t e d  w i t h  the amount of sand, and we t h u s  
c3 l l  t h i s  variable SEDSAND, The third p r i n c i p a l  
coi~~ponent a x l s  i$ chiefly negatively corri?lated 
~ i " c  the standard deuia%ien o f  the sediment s i z e  
distr ibution,  Sediments with h i g h  scares  on 
t h i s  ax i s  w i l l  he well sor ted,  and we t h u s  c a l l  
t n i  s variable  SiDSORI, 

T h e  scores, o r  values,  f a r  each new 
ssdiment variable  a re  shopin i n  Table ?, I n  the 
siiosequeait analyses c o r r e i a t i  ng sediment (and 
o t h e r  variables 1 w i t h  the f i s n  d i s t r i b u t i o n s ,  
each s t a t i o n  received the valves i n  T a b l e  7, 
which correspond to tne type o f  sediment shown 
a t  the s t a t ion ' s  pcs-ition cn the char t s  of 
sediment types* 

Table ?. Scores f o r  cach ssdament type on the 
tnree colrirsosite seellnrnt v a r ~ a b l e s ,  

sand dnd g r a v e l  
( 50.4 gravel ) 1-75 
1 50% y r a ~ e i )  1.51 
(undetemi nea 1 1.5 7 

Sambro Sand -6.32 
Scotian Shelf d s i f t  -0.83 
C a u r e n t i a n  s i l t  -%,77 
Lahave -1.99 -- 

The starting x i n t  fo r  tne c a i c u 4 3 t ~ o n  of 
the ecological dis tances used I n  the c l u s t e r  
asa'iyses is a sQea by species ratrix s f  s p C I e 5  
importance va! ues (abundance, frequency, 
biomass* e t c - ) ,  From P h i s ,  inter-sample o r  
inter-species  C~stance  matrices are ca l cu la t ed -  

I n  tnls study we use a n w  rnter-sample 
dis tance measure, and a m o d i f i c a t i o n  of a 
pub11 shed Inter-specr es distance w a s w e ,  In 
t h i s  sect ion we prnvr  de cons: deraale comput iond 1 

detalds  of "inese di s tance neasures. Yany 
readers may WI sh t o  t gnore t h i s  deeal'l and Can 
do SO by m l t t ~ n g  tnnase p a r a g ~ a ~ h s  ~ e h  a 5olld 
i l n e  I n  m e  r l g h t  haad rnargrn, 

Inter-Sample D l  stances . 

There are many dis tance ~ a d ~ c e s  for  
measurl ng the d ~ s s i n ~  l a r ~  ty am"ig sets o i  saampl 
pa r r s  [ C l - i f f u r d  and Steppenson, 19751. i;n 1 
of these, the underlying lode1 1s t h a t  t h e  
dl  stance index wasup-.es b ~ o ' d o g ~ c a i  cnarnge , a n d  
% a t  the drstance i n d e x  "rtdeeri pian red samples  
rwreases as the amount of biologrcal change 
trrcrease.;, Thus, two samples w.aZ?I very 
d t  sslnr113r species c o ~ p o s l t u o ~  w l l :  
theo~etacai ly  have a ' l a r g e r  diss~malaraty v a l u e  
t nan  two samples w r t h  srnl i a r  specaes 
cmpos-at~rsn, Iri ~ F L L B s I I ' C ~ ' ,  ad1 dastance 
measures reach rs. maxlrnuiis va lue  a t  a cer ta i  n 
po l  n t  ana :hen er ther renar n constant or 
decl~nme, even as the arnowt of S ~ o l o g ~ ~ a l  ~ h d o r i e  
casntlneres to mncrease ( F ~ g ~ r e  3 1 {Beals, i 9  73, 
Swan, 19101- In aadmtlon, g~ aen a cons%an% 
amount o f  b131og16aI change, the qarlarrcc? of t n e  
d r s t a ~ c e  ~ n d e x  can be large a m  v a r s e d -  

These severe I nacciiracl es stew fren 
Fucdarental a1 fferences b ~ t d e e n  the under1 y n l  
assuript-ions of d~staance ~ n d ~ c e ;  ana the 
r e a l  a s t r c  prapertles of ecoiogrcal an6 crninlnUn1 tY' 
datd. Al l  dis tance rnd~ces  a re  based uoon $.he 
assumpelon t h a t  spec1 es 'nroortapce val ~ e s  va TY 
l l n e d r l y  as b s a l o g ~ c l l  change takes place, Iq 
p i - a c t ~ c e ,  t n ~ s  assumutirsn is  rarely met i ~ e a i  s r  

1973, Alisfrn, 19801, s ince specaes r m p o r t a n ~ P  
values t e d  to  change ~n fi ?on-1 inear ,  non- 
qanoton~c  Easnr on as o v e r a i b o l o l  c g ~ c a l  c h a  
r s takr ng p l ace ,  usually along sert lnent 
e n v ~  ronnreneel g r a d ~ e ~ t s  iF:gur.;1. 4 3 ( i i u s i ~  n , 
1970; Beals, 1913; Swan, 1973:- ii. a d d ~ t ~ o  nz 
the v a l ~ e a  are t runcated,  u.c, spsc ies  
iqportance va Bees reacn a value aF zero 8 x 3  

renaif i  zero cas the env?rc?nnent aecome more 



Metres drf ference in elevation 

Fig. 3 .  RelaC~oo of t ~ o  distance nreasures to an environnrental gradient along which there i s  constant 
a ~ o l o g ~ c a i  change with elevation. The distance masures are insensitive to the larger amun"c sf 
b i o i o g ~ c a l  change. Distances were averaged for pairs of stands with 10, 20, 30, etc.  m t e r s  d i f ference  
el e v a t ~ o n .  Data taken from the R i f t  Valley o f  Ethiopia, From 1000 t o  1900 m, collected a t  10 in i n t e r v e j  5, 
n i n e t y  samples i n  a7 1 (From Beal s, 1969). 

MESIC I 

Topograpktc moisture gradient XERIC j 

F I  3. 4.  " jp lca l  pat tern of species d - i s t r l b u t ~ o o s  a1 ong an e n v ~ r o n m n t a l  gradrent, P o p u l a t ~ o n  
d-rstr1hut8orns are shown for major t ree  sDecies r n  the 1830-2140 m oievatlon bel t  I n  the Sarlh Gata l r rPia  
Plo i i n ' za~~s ,  southern drrzona, from m s ~ c  ravjnes ( l e f t )  t o  xenc  southwes9: slopes i right) ( f r o m  Whlttaker 
and  Y~errng, 19651, 



unfavourabie to the specjes in question (Swan, 
1970). T h i s  accounts for  the leveling o f f  
illustrated I n  F i g u r e  3, As a  resul t ,  distance 
indices are insensitfve to larger magnitudes of 
a c t u a l  bioiogicinl change" Another assumptior? in 
most i f  n o t  a l l  dfstance f ndices i s  t h a t  the 
i-ilgartance values o f  each species change a t  tne - ,dae - rate as overall biological change takes 
pldce.  T h i s  assun?ption i s  rarely met, because 
the slopes o f  species inportance curves along 
enuironnenlal grhdients can be rad ica l ly  
d i f f e r en t  (Figure 4)- T h i s  increases the 
varf ance of the di: stance masure;. 

A new distaoce irrden designed to cope wi th  
these eco l sg ica i  real i t i e r  is described here, 
-r* # n ~ ;  amsure, e a l i e l  the Zero Adjusted Cistance 
(o r  Z A D i  Index ,  cannot be described by a simple 
fornuis, sfnce i t  involves several steps* The 
t o t a l  informatlor? contained i n  a s e t  o f  species 
importance iielues i s  obtainaS>le only by v i e w i n g  
",he d a t a  frat several d i f f e r e n t  perspectives. 

F r i j u r e  5 shcws the re%a"eor^lsnlp between a 
t y p t c a l  4dxmx? index (curve 9: and the ideal 
d:s*ance masure  (curve I?, wtt'ch sboarla 
i ?crease 1 I nearly ~ 4 3 %  fincreasing b~ological 
c h a ~ q e  beewee? samples. T h e  ZAD :ndex 
canc~iatcs Q aad Z [F~gu t -e  5) separately, a n d  
tnen wns t b e n  to a r r l  d e  a t  7 .  D l the 
c , u d ? t ~  t a t 1  ve co?mponentl I a a dr stance eskrlnate 
cal c t l  a te3  dl  rectly From the species importance 
ialues. lbp caiculations here attempt t o  
comoensate For the problems caused by 
mn-Isnear ,  non-monotonic changes i n  speclea 
;rii:ridaj?ct, and  by unequal rates ofchange i n  
asknuance among specres. Z [ the zero adjustment 
copponent l adJhsts  f a r  the leveling o f f  of  curve 
Q sy add~nq a s t e a a ~ l y  Znc-easing amount t o  Q i n  
~ r d e r  +G reacb tPe Idaal drstance, 1, Z rs 
i a : c ~  l3 ted  ~ e p a r d t 2 ~ y  %~slng The inter-species 
d1 smnces. 19: I S  iieslgnea ts compensate for 
trencatzon oP ,oec?es ;vportance values as 
I ncreased overdl 1 51o403rca1 change takes place, 
T h ~ s ,  3 as most  laportant for  estimating the 
~ 1 1 0 r s ~ r  (? tsPa~ces ,  M11e Z ~ncreasingly 
co?l r~ butcis nwe bs tne dl s taaces becow 
7ciicrcr, 

The? q u a n t j  t s t ive  cornpanent / Q :  of the 
irurer-sainple distance is  based on the 
quas t i  tazive spec ies  differences, and i s  
calc:nlated as: 

,mere s i s  the number of species, and i and .j 
are t h e  samples be ing  compared* The X \ are 
SDCC i p s  jnpor tance vei i ies ttsansforrned by a 
square root and standardized by the species 
marircurc, The i,asoPute value of tne difference 
in abiinda~ce of species k a"zm s i t e s  i and j 
( 1  Xk. i -Xk. j  j -j: s termed the X difference. 

The transformiation ~nak$s cnanges i n  inrporatance 
values more l inear as overall bicl ugical change 
occurs (Smith, 19761, and reduces variabil i ty i n  
the rates o f  change of d i f f e r e n t  spec!ees. The  
standardization removes the i r re levan t  e f fec t  of 
scale on X dlfferences, s ince  these w i l l  
othe;w-ise tend t o  be !at-gea. i n  the more abundcint 
species irrespective o f  the aniount of overall 
biological change. As u i l l  be seen, i t  a1 so 
creates a somedhst prodictabl? relatlansrii p 
0et.aic.en the magnitude s f t h e  X difference iind 
the breadth"@ the species. 

C a l c u l a t ~ o n  oQ B;j ,  A. a constaqt amount 
of overall biological cnange takes place, fa tes  
of change nn i;pec~ es lspportanre valves w* 1 : rarg 
unpredm elably among spec1 es, depend1 ng on e+el r 
abundance st breadth  oc dl  str~butlun i F ~ g u r e  
6 a l ,  khe?  the da5a are starida-il~aes spe-les 
maxamua, however, specl  es d l  t n  wr de Dreadti s 
w111 t end  t o  nave l o ~ e r  r a t e s  o f  change than 
WII I spec% es NI Lb norrodor bresdths [F~gure  bb  1. 
As the exampie I n  Tigure 7 sqows, t h ~  
gred~c"cabe Inverse P-elrt~anrhrp bebeeo breadth 
and rate of & a y e  i n  standdrdlsed rrnpo-taw? 
values can be used to cuba l~ze  the ~ e l z t ~ v e  
contr~but~ons of the wsdespread and narrow 
soecles. 4h1s IS done 3y w ~ l t  rpIy,:rg eaxh P: 
dnfference by the appraprlate 3,J,. & ~ c n  
us a measdre of the relebant %rreafl%hbor rznge 
o f  nab1 t a t s  over wh~rrm specics k is dl s t r ~ ~ i l t e d ,  
f " l g u r ~  7 3reSents a s;mrsirfied era7tg;t?, - n  +vh?ch 
""Lhe spec1 as a1 s t r l  btitiorr curie I 5 symwt-:cal 
and both saflrplas r and g are or t9e sa~m srde o f  
the species ceak. i r  practice, ad,rrstrrents must 
be made f o r  asyrneir~cal curves, f o r  Instances 
when I and j are an apposlte sides o f  tne seak, 
and For multraimensa~nal species d ~ s t r ~ o u i ~ o n s -  

The  specr Pac mtnod f o r  c ~ l c u l a t i n ~  3 
rnvolves d e t e m ~ n ~ n g  the range of the s ~ e c r e s  11) 
a n  ordsna",ion space computed frwn a cmponent of 
the Z,, values. 'hese calculations are 
somewhat complex, since a  species may h a v e  
d i  iferent 'nreadthshsn e l ther  s ~ % e  of ~ t s  peak, 
or aloug d~fferen t  g r i d ~ e ~ t s  o f  w131og;ca' 
change. Becaslse o f  t e ~ s ,  B l j k  1s 
caleuldted separa tdy f o r  eacb I J  cornpdras9n 
(see Appendlees 4 and E f o r  a Geta~led 
d i  scussicnl .  

Gal cu la t ien  o f  #a jk: As averai ? bfalogica; 
change takes place,  nun-monctonic changes I n 
importance values can cause distort ions i n  the % 
dlfferences (Keals, l9T3). The most r e i i a ~ l e  X 
differences will occur ui t h  species k ~ i c h  nave 
both values I:n the tuo samples being compared1 
on the same s i d e  o f  the i r  peak value  iS3mirq, 
1916j- This is  because t k i r  importance values  
will increase nanotanlca"!ly al th :he true amount 
o f  bfologice7 charuge, In c o n t r a s t ,  when t?e 
samples baing canpared a r e  on oppos! t e  s f t s s  of 
a species "peak, the % d l  Ffsrences can b e  
u n r e a l  i s t i ca l  l y  small (F igiire 81, The war; t X 
d i  fferences w f  11 occur when both sai-zpl es t.3 2 n g  
canpared are far  fran, aiid on the opposite s i d e s  
of ,  the peak v a l u e  fo r  tne species, since t h e  
actual amount o f  bi o l  oy ice.! change t.ai' i 1 be l a rge  
and  the X d i f f e r e n c e  s n a l i ,  The least diitorted 
X differences ( ~ d l t h  samples an opposite e s d e s  of 
the peak j will ~ C C U ? '  ohen an@ of She samfes 
being compared i s  relat ively .?ear the peav value 
For that  species, These alternatives are 



Actual Biological Change 

Fig. 5. Relationship between the two components of the ZAD distance index and the ideal distance curve, 
I .  Q ,  t h e  quantitative component, levels o f f  a t  I ,  while Z, the zero adjustment component, continues t o  
~nc rease  w i t h  increasing biological  change. 

Sio!qical Change 

F r g .  6 .  a )  Specles distr ibutions along a btoloqical gradient. With raw data, and when comparrng s r t e s  
on the s a w  s ~ d e  o f  the specres peak, there is  an unpredictable re la i ronsh~p between slope, or ra te  of 
change  ~n a species importance value, and tncreasing biological change. b )  Same data as a ) ,  standardjzed 
by jlspecles maxlmum. Slopes of specles c u r v e s ,  on t h e  sa ie  side of the peak, are now predictably, and 
~nversely ,  re1 atea to  species breadth a1 ong the gradr ent. 



F r g .  7 ,  E x ~ r n p l e  of toe use of 9 t o  equalame the cont r~but~on  t o  Q of specjes wr th di f fe ren t  o r e a d t h s -  
Spec~es a \  b r ead th  is  h a l f  that of species b, and its slope rs cwlce as kfgh, Tne X d~ f fe rencc?  For 
soecles a (shown i n  bracke ts  on the yx a x j s j  rs therefore twice as great, X I ,  - % = 0 , s  a n d  

X I  - 7 = 0.25. Multiply~ng each of thesex differences by c term is) oroporflo]l$l t o  each 
s p e c l e s J b b r e a d t h  along the g r a d i e n t  equalizes the magn~t?ade of  the X dr f ferences,  e.g. (0.59 i = 0.5 and 
1 6 - 2 5 )  2 = 0.5. 70 facilrtate making t h ~ s  p o m t  tbe soecies d a s t r r k u t ~ o n  curves are s h c ~ n  with 
s t s a r g h " L ~ o e s .  Such l i n e s  should represent the average o f  the r a n g e  of curves {concave "t convex) r i s u a l l r  
e v ~ ~ t n ~ t ~ r ~ d .  

B~slogical Change 

inr e f f e c t  ot idmpie posr t lon  r e i d t i  #e rc the peak 09 mi: l i c c u r S a q  o f  ~nter-simple coGawa5nn 5 - 
The Y' d: 5ference bet+een siim?:i?s 1 ana 2 or Debqeen samples 4 and  5 1s 3 wch mre  accurate masure o f  t i le  true  lol log ical change between sarnpl es &ban 1s the X h f t e r e q c e  Detweovl samples  I aqd 5 or between 2 a n d  
4. Samules closer To the penx,  ho~ever,  (e.1. 2 a n d  4) furnish better comparisons than samples far f r o m  
tne peak / e , g ,  h and  51, 



i l igs t ra ted  in Figure 8, 

The kljk values are deslgned to 
cdrrect for these A~stor t lons  by g l v j n g  more 
+P ugnt t o  those ":I fferences t h a t  convey better 
rnfarnatrm a",& tthe actual amount of 
oi~log~cai chalge (see Appe~dices A and 3 for 
F~IT* , J~F-T  detdl'! 1. 

?enom~nator o6 Q TQe denaminatw for the 
6, equdtlon : s  the Iwxlrnurn possrble value 
tbi! nuverator could obtasn a f  there were no 
59ecrei r r i  common Irr the tdo sarn~les being 
conpared-  Dilrrsron by th i s  rnaxlrnurn value scales 
the 2 values from 0-1, Such predictibl 'lity i n  
the ;:ale of  1s Important wnen subsequently 
audilg Z to 3. i n  addl t ~ o ~ ,  ~t considerably 
11i3~1roves the C, vs iues, e s ~ e c r  a1 ly the longer 
ones, wh lch wcula otnerwse floctuate widely and 
-andomly arnmd the asymptote o f  Q ,  This i s  
flecause, once comniete specles turnover has 
oiciirrec? between two samples, the direction of 
m a n g e  ot the X arfference is dependent solely 
on knether more species are rncreasl'ng o r  
decrsdsing i n  doundance along a part icular par t  
o f  t h e  grad1 ent ,  

The "wrc-Adjustrwnt"@omponent, Z 

Pie c ~ l c d l a t l o n  o f  th is  component requires 
tdo step5 as f01 lows* 

a )  Tor each zero value i n  the data matrix, 
an estrpaee of toe degree to whfch the species 
I r i  ~ U P S ~ I O P  is 'missing* i s  calculateds The 
method  sea I S  conceptually the s a y  as t h a t  
T I - ~ 1 3 3 ~ ~ 3  by Svlan 119701 to  measure degree o f  
:asrncehof specles not occurring I n  a sample. 
d e  navt tested Swan" s r roddue with simulated 
m t a  and found ~t t o  be increasingly i n s e a s i t ~ v e  
tu hio~ag~ra'! cbange as a species becomes more 
"in~i~lrjg . A more sensitive technique i s  

I T O ~ O S P C ~  nere. The mthoa calcblates the 
Qegrrpe of absence-or a species absent f r m  a 
sxnple as :  

vanere Is  che degree of absence of 
species %k, i n  sample i, and Xmi i s  the 
square-root transformed, species maximum 
standardized value of species m i n  sample i, 
Speclils in occurs i n  sample i and spec ies  k does 
not occur i n  sample i, Dk, i s  the inter-  
species distance between species k and  species 
n, The inter-species distance should measure 
relat ive habitat  preferences. This 1s discussed 
below. M i s  ac tua l ly  the weighted average 
d i s tance  Sfom species k ( w h i c h  is  absent from 
sample i) :a a1 1 species which actually do occur 
ir: sample i. I f  species k i s  vePy different i n  
h a b i t a t  preference compared to the other species 
i n  3 sample, then i t  w i l l  have a relat ively h i g h  
it va lue  far  t h a t  sample ( i , e . ,  i t  has a h i g h  
degree of absence). After a l l  M values are 
ca'icr~latcid, they are rescaled so that  the 
r n j n i r n ~ i m  ""iiiirllie i s  zero. This is  because the 

M values t e r ~ d  t o  be h i g h  by a constant 
ahbunt, 

b )  The V values are used to cdlculate 
I n d e p e n d e n t  es"clmztes of the bemeen-samole 
distances- These estimates m i g h t  be expressed 
as : 

Species i.Bn rch occur I ri one and only one of the 
two samples (1' or j are considered when 
selecting tho inaxiqilum, The res t  of  the M values 
are ignored, T h i s  i s  a reasonable estimate of 
distance since the 'kost  qissing species" 
occurriqg i n  only one of the samples should 
indicate how different the samples real l y  are*  

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

As above, only those species occvring in c n e  of 
the two samples are considered i n  the sums. 
This estimate i s  simply the weighted average of 
the M values, w i t h  each M weighted by its own 
value. This gives more weight to tthe larger PI 
values, Only the largest  50% of ine distance 
values are used in the weighted average. 

The El values are based on species 
absence i n  h e  o f  the two samples being 
compared. As the samples being c m ~ a r e d  dre 
more similar, there will be Fewer and Fewer 
species &?ch are absen t  F r m  one sample and 
present i n  the other, Phis leads t o  t do  
Important properties of Ei ,. 1) The shorter 
E i .  valuer; w i l l  be the Iea?it rel iable,  
betause they dre based on the least  airaun? OF 
in fomat ron ,  2 )  The shorter E l  values wrl % 
tend to be "io short in r e l a t io i  t o  the ac tual  
amount of a i a iog~ca l  change, T h ~ s  i s  h e c a ~ s e  
they are insensi tiare to changes i n  specaes 
importance h e n  a species i s  present i n  bcch 
samples. Sdcn changes are very tm~ortanr &en 
cmparr sg blologicai lg, slrnllar samples. 

These propertses a r e  ideal For calcu13ti rg 
ZiJ "because we w i s h  the shorter distances 
ti? be based ms kl y on Q . . . The E 
values w i l l  not become jIdrge enougi t o  ado 
significantly t o  the f l  nal distance unt.11 larger 
amounts of biological change take place. 

Calcinlatian of i From E It can oe sew ("f gure 
5 )  t h a t  the contr~butson of E must rncreara 
exponentsally a s Q  levels off ,  E, noweer w111 
tend t o  v a r y  l I nearly M I  ch the true aiaount of 
b ~ o l o g ~ c a l  cnange, sfnce rt rs an ~ndependant 
estimate of inter-sample drstance. 70 maka t h e  
contribdtron of E expanentral, r t  must be 
islult~ pl P ed by a fac tor  dependent on tbe r a  e a t  
ivh r sn  Q levels o f f .  k e  cakciilato such a Fceor 



as fell  owi; : F. . r: y4:4X ( l ,aIJ? .  1 ,  e 8 shosu:s 
~ 3 : ~ f s  3f ? as" fscreases,  i J ~ e s t s  * j t h  sfsqa- 
?axed s n o i ~  tfiese sdalues t c  Sf s ~ f f i c j e n t  to 
csrflpensate fnr the leveling aFf 0% 4. Therefore 
Z = FI , E i  J.and the final ZAD disj;ance 
wi!l 

i-i ujj - - Q "  
+ k f j k i ~ ; *  9 j 

fhe3raticaI?y,  3 s5oi i 'd aglrmi"a the ideal 
dis tance l i c e  i n  Figure 5, Tes ts  with s imu la ted  
d a t a  show 3 i i s  "3 be the case, 21; a c i d f t i a c ,  
acalyses wltn 2i:",laa8 si;rii:?y dab haye shnwn good 
resml ts !when suSjectS vri y ccmpa red w i t h  ana lyses  
u ; i  qg other d i s t a n c e  indjces, 

Table 8, Values o f  F 6s the va:ue o f  Q 
i n c r e a s e s *  The e;lpoi~eu;tia? increase !n F as  Q 
approaches one i s  roqolrcd t o  compensate fo r  the 
leveling o f f  o f  Q {see  Figure 51, 

Some #my argue that much cr~mpataticsn could  oe 
avoided by simply s~mrr~incj F an"? to obtain the 
f i n a l  distance, This w o u l d  nave two major 
drawbacks, I t  wou'id g r e a t l y  a a g n i f j  any error 
i n  Q as 0 ieveli, o f f *  since F I s  derived from Q, * . .  
d l t h  t he  7WC d i s t a n c e ,  C i s  an icdependent 
i?st'Imate af the distance, ,and a large amount 
~ 1 ' 1 4  be added to Q only i f  b c t h  0 and E are 
r e l a t i v e l j  iarge. Secondly, aftec Q reaches a 
va?:ie of ann { i t s  asymptote), F would becorn? a 
ccn . ; t an~  ~ i s B r > ~ l  of three. aeyond ",b snint ,  
such a n  index ~ o u l d  be i~capab le  of ifleaset-ing 
further bioloyjcal change, i h e  =AD distance, 
hadelder, continues "c,r; jn~rnq-e -. a'? I ,ET !I 'levels 
o f f ,  s ince i: c ~ n t i c u e i  t o  :-icriiiisa, I t  my a l s o  
be argtaed "at f:caul:i be :~ved birect"jy as a 
distarlce iceas1.it-e- Siilce E i s  based oi: species 
absences, i t  u * c f j  i r e s  Dvogressiveiy jess 
in".nn?ation as :he sanglec being ccinpared become 
more simi 1 a r ,  !4e would t h u s  s o t  expect  E t o  
estimate the shorter d i  s"c,fla:es as we1 l as  9 ,  
which i s  based on iir;creas%og I*l foma~lon a s  
samples becaxe more s fmi l a r ,  

The i n t e r - s o e c i e s  distance matrix i s  l~sed  
i fi the ccfnplrtaia"cisri o f t t h e  E, . ccmpanent of 
the inter-si ce d i  stasce indAd [XAD 1 ,  I{owsver, 
the joter-specjfis d i  stzr~ces are a1 $0 d s g l - f ~ l  j n  
t he i r  own r i g h t  jAu;+" ,ic ana Be lb i a ,  1982)- As 
noted,  these distdvieas shculd w a s u r e  the 
relat ive h p t i i i 3 t  p r e f e r ~ t : ~ ~ ~  of the species. 
Most 'inter-species b f 5 t 3 n ~ ~  jndices are related 
t o  inter-species overlap, ~ h i t h  i s  unsuitable 
for O U T  purneses* This  i s  becai:se o v e r l a p  
measures cease tc  eh?nge i r  value once 
shiecies are non-overlapping, We require a 
measure ~ h l t h c o n t i n u e s  t; j-cu-ease as the  . ~ 

species I n  quest io? arc  found i n  more dlsslrnilar 
n a b i t a t s -  l i t n o s t  :kis chacaceer i s t i c  in t he  

The Bray--Cur";is elfstance + -  -2 

measidre the ilistributiceal overlap of t h e  
species. The  distances are sctually inversely 
proliortianal to the ovef!a;3. 84003 (1981 ) 
demenserat.is the aLljLab$:  1 ty a t  ",he Bray-C~r-i-i s 
index f n i  u i i s  purpcfie* These overla3 values 
may >* disteru;@d by uneven saiq:ljri9 of 
djffare;et  tcnp0?al -->+'-"zk;-  ipu, l d i  , & t i :  i,aZS I tile 
survey a-eas {Co?wel! and Fut:::yinap 1971 T h i  s 
can be corrected f a r  screwhat by reusing each 
sample f n  the overlap ca;culat ions. The rrulnbei- 
of rimes a sample i s  reused i s  proportional Ic 
t ko  calcu?nted sample dist iactness ISmi th, 1976, 
S m i t h  and Guggennefnl, 1.r prep. 1 .  

Calculation 05 Relatfve Haoilat Preference 

where Oik m b  2:. are di-;t;an-,es from 
rows ?: acd j, r$gpe"ti-qcly, ;".he ass:yrne:ri i: 
srny -r ,, ;ia+ . : lcs -. distance T ~ Z I - J X ,  i and j are zhe 
species being -coracar9e!l, n i s  ; i ~  n t i i ~ & ~  0;' t, i ~ e s  
+ h ; C 1-1 , .,,, > .  2nd D,, Rre ng:: > e ~ r  eqd;l 

I ii: i r 



I, i n 6  n: i s  the  nuru~ker o f  species, 

Aostin and B f l b l n  (1982) do n o t  include a 
de~ominator i n  the caiculations, We do so 
necause rie dish to  put T on the same scale as 13, 
i , e .  '3-1. Ui? could accomplish this  by using the 
average o f  the ID. -D., 1 values, i n  this  
case  the denominatbr &%ulc? be m instead of n, 
Hodever, n i s  more appropriate because i t  i s  the 
n>~mbar of coapar i  sons that  actual iy contribute 
~ n f o m a t l ' o n  to T. Mhen D . k = D j k = i ,  there 
4s no information cosiceye~ by species k about 
the relationship between species i and j. 
Species k has no relationship to either. This 
dues 30t by any means ' indicate t h a t  species j 
and C are similar i n  t h e i r  relat ive h a b i t a t  
prd fe rences .  

J r t n o t i  " t i r e  dihiis~on ~y n [or m)$ t h e  range 
of T dould  be sone&at dependent an the number 
of  i p e i . e s  esea I Q  t h o  calculations. i t  i s  
iqrcrtant that tne scale of T be predictable, 
slncc @e are rnd1rect:y c a i c u l a t r n g  Z From t he  
I iiteer-spec1 es d l  stances. The f i n a l  1 ster-sampl e 
d.star?ces arc the suv~ of Q and Z, and the scale 
of L c l r ro t  be affected by something as 
r .relevant as tbe mmber of species used i n  the 
c~ic~riatmnns.  

T i i t s  t echn~que  s"loirld wOr4 vie11 for  species 
ianlci? are I n  s ~ r n ~ l a r  or mnoderiptely srmi'ar 
r i d s ~  t a t s ,  The d? s tdnces between species r n the 
-nore d~ssrmtiar  nar t~ta ts  w i l l  s t i l l  tend t o  be 
too  short. To correct for thns, the STEP-ACROSS 
procedure or? q r  nal ?y  concea ided by M i  11 t amson 
!~978! an!! generalized by S m ~ l h  Ii98ibS i s  used. 
Here 9 e  longer &stances are recalculated From 
tne snorter d~stances .  

Hierarchical classif ication displays the 
relationships between en t i t i e s  ithe u n i  t s  b e i n g  
::iacsiFied) ~ j t h  a 2~o-dimensdowal, hierarchical 
str-ucture cai led a dendrogram, Aggiorera-tive 
cldssif icatfon successildely fuses the m s t  
rimjldr zn?it-ies l o r  groups OF enli t- ies)  to  Farm 
hrrger groups or ciustess. This is  i n  contrast 
Lo the c l iv i  s lve fxcheique which successively 
d i v i d e s  larger groups inta smal lern groups or 
sirzgiir- e n t i t i e s  (WI1Piams, 19711* 

The s t a r t i n g  po in t  for constructing the 
dendrogram i s  t h e  dl; stance matrix, "ie shortest  
distance i n  the matrix i s  chosen and the two 
surrespor~d"ini; ent i t ies  are fused -into a s i n g l e  
group. The dis tance between tne new group 
(representing t h e  fused enti  t i e s )  and all  other 
e n t i t i e s  is t h e n  calculated a n d  entered into a 
new distance matrix. The process of selecting 
tria shortest  distance and fus ing the 
rerrespofiding entl  t i e s  i s  repeated u n t i l  a! l 
e n t i t i e s  are joined i n  a single group, 

Cluster ing strategies d i f fer  i n  the method 
of ca lcu la t ing  the distance between new groups 
I c n t i t i e s ) ,  The strategy used here is  the 
f1er-i b l e  cl ustering or sor t ing  strategy.. 
Associated with th is  method i s  the variable 
cceff ic icnt  beta ,  As the beta value increases 
! i ,e .  approaches 1-01, the clustering becomes 
weaker and few dis t jnc t  grgups will resul t ,  The 

dendrogrsms suffer From excess1 de "ha1 w ' .  
I ,E?, e n t ~ t i p s  joirp groups one a t  a e;~m rather 
than Fnml ng d ~ s t r n c t  c lbs ters-  The 
drsadvaltages o f  t h ~ s  type of result  are tha t  
tnere are "evi groups t o  s r~terqre t ,  and toe 
re1at;onssIpi among enti t~ es are poorly def l  l e d -  
f h ~ s  defeats che purpose of Lbe a w l j s r s .  

iery law values o f  bela ( I  ,e* approachlnS 
- 1 -31  force a1 1 e a t ~ h e s  into o n e  37 a number 0' 
approx~a~ately equal ly-sr zed, tr gntly cliasltered 
groups. T n ~ s  makes c;antemre",atlion very easy 3rd 
clear-cdt, b u t  the results  are Forced i n t a  such 
a pattern even i f  ~t does not represent realj.ty- 
The probability o f  mssclassr tlcation js a l s o  
h~gher ,  

VaPdes of beta near z e r o  produce r e s u l t s  
about Palfway beeveen tnese cdc extremes- I n  
practice, maw ecologrsts have kidnrd t na t  an 
e m p ~  P I  cai Qy selected beta value  of -0,25 gives  
sa"l;sfacfory results iC71 fford and Stephenson, 
19351. This beta va lue tends to y fve  d i s t i n c t ,  
easily interpreted and rea l i s t i c  clusters.  

TWO-WAY COINCIDENCE TABLES 

The dendrograms freifi the s~ re and spec 1 es 
 class^ Fication analyses kere usea to  c c r s t r u c t  
t ~ & - l r j i 3 ~  co~rc'idence t a b l e s ,  h i c n  are s ~ r n p l j  trip 

biological da t a  matrix wr t h  the rows i ~ ~ ~ ~ l " f . 5 1  
and columns isiteel arrangea i n  the sane o r d e r  
as on the corresposding de~drograms. T h e  da ta  
v a l u e s  were standaraized and converted to 
sfmbols For comoactness arld ease of  interprets- 
& - 
L I O ~ ,  The symbols I n  t b r s  study were based on 
species mean ( o f  values Cli standarci-ized d a t a *  

Two-way tables are infomap,ive and visa uable 
because slinilar sites and species are ( ~ ~ ~ k l i p e d r  
and appear i n  cantlglious pos i t~ans  i n  the t a b l e .  
As a result ,  biological patterns can e a s i l y  be 
seen and r ntarpreted. I n  add-i t:on, reference to 
the table 1s very bseful  when choosing g r o u p s  
f ran :he dendrograms. 

Tne soec? f i r  order o f  e n t f t ~ e s  dong a 
dendragrani cdn be q u ~  t e  arbitrary,  however , 
since any one node on the denclrogram can be 
rotated 180 degrees vl I t hou t  cbangl ng any 
groupi rigs- The c i u s t e r ~  ng a1 gori t h m  was 
therefore modiff ed t o  create a maximally 
f n f o m a t ~ v e  order o f  en t i t i e s  along tne 
dendrogran- The  mar3 trer:d un the dats? r a s  
fobnd by calcii%at'ing scores for each e i s t l  x y  
along a polar o r d ~ n a t ~ o n  ax is .  The order of  
entities along the dendragram was inade t o  
approach the order along the orat nat ion a x %  5 
appropriate rotation o f  tne nodes. As a r e s u l t ,  
the rours and columns o f  the two-way t a b l e  a r e  
arranged r n  an order consrstent with the n raJ0s  
patterns o f  change Found i n  tho d d t a ,  

MULTIPLE DISCR%?!INANT ANPLYSIS 

Correlathons bea;ween classificintis-: g ~ ^ " o u p s  
and environmental parameters aere studied w i  ti1  
multiple d isc r im inan t  analysis !Cooley and 
Lohnes, 1971; Hope, 1969; as canonical a n a l  y s i s  
of discriminance). As f n  Smith [i9?61* G r e e n  
and Vascat ta  (19991, and Berxte in  g 2, 



ii9781, class i f ica t ion techniques were used to 
gmerate the groups used i n  the analysis. 
dedghted discriminant analysis { S m i t h ,  19783 was 
use6 t o  increase the sens i t iv i ty  of the analysis 
t o  In famat ion  from tho siassif icalior? ana?;ysis 
about the strength of group membership, group 
ci~hesiveness, and intergroup relationships. 

The s t a t i o n s  or s t ra ta  (depending on the 
particular analysis) a re  represented as paints 
i n  a l;u?tidimensiior;al space defined by the 
ewdi ronn~entd? vdriables, These points  a r e  
projected onto  axes that  minimize the w i t h i n -  
grclinp var ia t ion  whf l e  mzax?n;izi n(y "ce between- 
group variation. These axes are independent and 
a r e  correlated with t h e  variables patentiaily 
impor t an t  i n  tne group separation. The environ- 
inental variables correlated w i t h  the axes are 
indicated w l t n  standardized caeff icfents !Green, 
1971 1 o r  w i t h  coefficients of separa te  
deterrnfnation (Mope, 19693, The l a t t e r  were 
. ,  '- ,r ,ed here. 

The condl ts onr Qecessary far s t a t 1  s t l ca  i l y  
t e 5 Y a 3  the slgnl f:cance of t h e  separation o f  
grodps along tne varrous axes (Green, 19711 are  
rarely, even, pet, However, the success of 
c 7 a z s i f ? c a i ~ o n  of r l tns  Into t b e ~ r  groups on tne 
bdsrs c f  t h f s r  scwes on the discrrmrnant axes 
i s  rnd~cat ive  qf  the d r sc re t e~ess  of the groups. 
The clarsnl~cat¶on of s i t e s  was ach~eved by 
f i r s t  ca'icvlztrng the centroid or man posatron 
of eacn group In d~scrlmlnant space. Each site 
~ i a s  then ass~gned t o  the group t o  whose centroid 
t &as closest .  Success 1s measured by the 
oercent correct c l a s s~faca l ion  For each group. 

FRlMClPAC COORDINATES ANALYSIS 

i r  orr n c ~ p a l  cnord~ nates dnalysi s, each 
,;al;i~pic cor-espsnds t o  a p a l n t  i n  a  multa- 
;l~rlrern.; I %a1 space, I he 61 stances between pol nts 
In tnss space are nrapor t rona i  to tne b~oioqical  
dr ss t m ~  1 arl  ty of the carresocnd~ ng samples, 

>pace 1s v ~ r w c d  l;l?ratmgSi dlm(?nslons whlch 
gade  n nia;;rrn~I amount. of ~ n f o m i l t i o n  about  the 
pi;ttc?rlr of b ~ o l  ogr cal ckanse, These dime.is~ons 
3re :emed axes, and the coordtnates of tne 
po;ner of edcr a x i s  are ca l l ed  scores. The 
F ~ r s t  few ares drill ~ s u a l  i y  represent the major 
ielnepers;ent trends ilF c o m u n l y  change, 
D r r n c f m l  c o o r d ~ w t e s  a n a l y s ~ s  1s dlsclissed more 
fu:;y i n  Sneath dnd Sokal 619731. 

TWO-NAY CttLSTERING AND DISCRIMINANT 
ANWLYSIS n i  rt4oru;ouR~ sunvrvs 

Tne next 18 scctons (1971) summer .- 1981 
Fall j present de ta i l ed  results  of the analysis 
of each survey, The reader interested primarily 
i n  the ove ra l l  picture may wish to read only the 
c' I ~ r s " ~ O f  . these 11370 sumerj then proceed to the 
section entb tl ed 'Tons i  stency rrCSpecies Groups 
Thro~gn Time". 

Se discuss the results  of th is  f i r s t  survey 
i n  detail tc p - w i d e  an example o f  how t o  

r nierpr-st tne clus ter  and CI scrl*ni nent analyses  
For tbe ocher surveys, Fesblts of subsequent 
s ~ r v e y  w 1 1 l  be s,~mrrrar~zed oniy, iae pr;sent 
e m u g h  r n h o r m a t ~ o n ,  hoed-teiier, far  peabers t o  
d e w 1  np f ~ r t h e r  1 qlerpretations and conc1us1ons 
on t h e ~ r  nhn. 

The dendragpani r e s i i 3 ~ l  ng from c lus ter  
andlys~ s o f  the s l tec  (F  gure 4 1 ,  a ~ d  the tho- 
way t a b  le  ( F ~ g u r e  l oemii t d n  assessment bf 
the r e l ? t ~ v e  d~fferences  anang c l ter .  a r e  
two mayor breaks t h a t  d i v ~ d e  the s~tcrs  ~nto 
three malp  groups (; glare 111, Thcse rilayor s ~ t e  
groiaos are : q d ~ ~ a t e d  u l s r  separate ~jimbg'is on d 
map of the Scottan Shelf ( F r g u v e  121. Tse f i r s t  
grauD o f  sites (1  1 I nc l~nes  thoss a t  greater 
deptns, along the edge of tne s h e l f  and In 
basins, 7119 seccnd w j r r  s t t e  jroud ( 1  1: is 
made up of s i a t l o n s  0-1 tne easrern part of m e  
shelf ,  whiie the t l ~ r d  i l I l j  G G C J ~ S  on the 
western shelf avd In the Bay of 7u.rdy- 

The tdu-wdy tabbl ei'lgbre 211  snobs t n a t  
triese major s ,  te  gra&ps also have d l  s"c inct  
assemblages of f r  sees. !K geoeral , sf4 ver hare, 
angler, ~ h r  te  hake, smooth skate, w~ tsh, 
r e d f ~ s n ,  grenadier, and l a ~ g f i n  nake dre 
relatndely cornon and abnndant a t  tw  deep sates 
OF mayor s i t e  group 1, lither specfes, e x c e ~ t  
f a r  tnsrny skate, are re:atrvely scascp. I n  
flia]oP s r t c  groiio i l ,  on tne eastern she1 ", ;el 
rdven, y c i a i ~ ~ t a ~ l ,  longhorn, cod, 3"13ceI d n i i  
thorny skate are re ja t ive ly  a b u s e a n t ,  P ' l  other  
specles are s e l a t ~ u e l y  ccarce, F inar Iy, s l t e  
group 111 I S  c h a r a c t e r ~ z e d  by r e l a t ~ v e l y  
abundant haddock, b u t  only scattered ocrurrencss 
o f  other s n e c i ~ s .  

The s ~ t e  Qndrngraw also d-splay$ r e i a t ~ v e  
drFferences awng s s t c s  w ~ t h ~ n  the t h ~ e i ?  major 
groups [ F ~ g u r - e  9)- Tnas, along W I  t s  ~?iSomat?i?n 
f r w  the tdo-way t a b l e  ~ F I  gure 11 1 was use3 t o  
Further  drv~de  the s- tes  anto 24 sva4 ler s7 te 
groups. Each of these snal lev ss te groups is 
a1 so chap.ac"Lera zed by a di sel ncbspecl es 
asseriiblage, Fop example, s i t e    PO PIP 2 h a s  
t e l a t ~ o e ; y  aisundaint grenadrer and l o n g f ~ q  hat, 
typtcal of major srte gpocip 1 (Figure l l l ,  I t  
nds, hodever, very f e d  OF t he  ache? spec es 
common i n  ""chrs vajor group Im.e, ' th0rriy sxate,  
wh; t e  +a%e9  S ~ X O C ~  skate, 3rd #I tcn 1. 

?he spec~es  cluster-ng (F?q~r"iO: oem4 ts 
an -dentraf~catron o f  L;DF?CY es g r ~ u p s  and s x c a e i  
&I th  s~ma l d r  h a b ~  tar ~referencrs .  There are i d 0  

extreme5 of a carit~rtu-1 of specles, these l r ~ e  
barndoor skate, Idnce, a r d  mziled s c d p - n ,  t h a t  
were not caris'i s teotiy f e ~ o r l  w r  tn ilt"lr Ppezi es, 
ard those 1 ike smaotn skate, ~ ~ t c h *  aca r e d f a s k ,  
whose d ~ s t r ~ b u % ~ o r r s  mccn iFlgure 13 1 ,  "Te 
tendency of species ea film conslsterlt gT3JpS 
Fffm year to y e ~ r  1s  the 4 c b s  of 3 sepa-ate 
analysr  s below* 

The two-way t a b l e  (Figure 111 1s a irearir; o f  
i l lus t ra t ing  the associatjon o f  species w i t h  
areas, and then inferring the habitat  
requdrements or preferences of these species. 
The discriminant analysis described below; 
however, provides a more powerful method c f  
i nferri RCJ the nf l  gence of environmental 
-variable; on species distributions, 
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Fig. 9. The s i t @  dendrogran,  summer 19?i), Trie sequence o f  s i t e s  (top to bot tom)  i n  the  r ienbrqram i s  the 
same a s  frem l e f t  t o  r i g h t  i n  Figure ii, 



SUMMER 1970 

BARNDOOR SKATE 

WINTER FFOUHDER 

SEA RAVEN 

YELLOMTAIL 

LONGHORN 

HihTEff %ATE 

OCEAN P O U T  

RED HAKE 

MAILED SCULPIN 

con 
UOLFFISW 

PLAICE 

THORNY SKATE 

LANCE 

LITTLE SKATE 

EALIBUT 

HADDOCK 

POLLOCK 

SPINY DOGFISH 

GU5X 

ARGENTINE 

SILVER H A K E  

ANGLER 

WHITE HAKE 

SI?OOIH S K A T E  

LJITCN 

REDFISN 

FEL POUT 

GREHADTER 

L D N G F Z N  HAKE 

Fig. 10. The spec-ies dendroqram, sumer 6970. 
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' i s  13- Tiic d i i f r i b o t f o n  of s i t e  g r o u p s  i n  discriminant space, summer 1970. The symbols and n u m b e  r-1 
jrt'er m d e r  C O ~ ~ ~ S D O ! ? ~  t 0  those in Figure I!. The  overprint  fab le  g i ves  the coordinates  ( R P ,  IP) a n d  
i d e n t i t y  of i iddea I =  overprinted1 r i t e s .  The vector diagram summarizes the conf igura t ion  of the 
environments? .~ar iabPes relative to the First two d i s c r i m i n a n t  axes, 
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There a r z  fwyr f i n a j ~ r  bra&-, i n  xhe sj te 
ileridrogram 'I" igure 15 ) and the Vdo-way t a b l e  
(F ig i j r e  17) t h a t  d i v i d e  ge;: s:.t-es i o t a  f i r e  
major  s p j t i a l  gro~rls (Fig,ai.e l e i ,  fii;: &reaps 
were based air the dendregriav~ afid on tire 
d i  stribaitloii 3% 3pecG.s as~efflbl ages .i 1; iistrated 
jn i . ~ . ~  bdD-way eab;a [F j~ur ; :  b 7 ; ,  The f i r>r 
yro:dp OF stat ion:  i s a j c r  s i t e  grct); 1 )  f nc l t~des  
staxions along tlrr edge o f  t>e s?ie?C and in 
basins, 6" l  {iij characterized by rrela%iveiy 
a b u n d a n t  l o n g f i n  hake ,  grenadier, s i lve r  hdae ,  
angler ,  r edf i sh ,  whi te  hakc, and w i  tcb, Szhe;; 
species are rare or ahsent, Phi? second g r ~ p  ~f 
s t a t i o n s  (11)  i s  alocg the eege 3f r f ie shel f ,  
awl  00 p a r t s  o f  Emera? 6 and Banquerea,~ Banks. 
Relatively abundant cod, p-a ice ,  thorry ska te ,  
and  mailed s c u l p i n  eharacrer jze Cnese s i  ter. 
Major si", group !I1 irrcladcs s ta t ions  on :<able 
; s Isn , j  Back and 9art;s s f  fjanq,~ereag 9ank, * i t h  
r e l a t i * e l y  aoundant p!aices  sea raven, wister 
f?  ounder, 1 anghor-r:, ye1 1 odeail , and wl n ~ n r  
s"s,re, f ja jop ! j ) " ~ b p  1.i <s. ~p cf 3 fpr 

s t a t i o n s  cha~ecterized mi-i'ly by an aaseqcs of 
;2c;ct species* xii~j:>?- s:"? gr-oup 'V :-, $ r :  the Bay 
of Fundy and on psrti of zrawf is,  Lahave, a n d  
';nse~rc.j aankss,  I;+iti: relalZvely abilfid;$ce fiadt;ock 
cod, and w;;;ffjshl 

Groups of spec ies  n i  s i m i l a r  di s L P ~ ~ u -  
pions across s i t e s  are s c a n  on the ~ p e c i e s  
d(a.rdroyrain ("jgurc. l"J ti:e ~ g ~ - ; n i a y  ;,-hi,- 
> * "  

tiid i T 

;r:sU.t? 1 7 1 ,  :om si.ec:es, as b a r n d o o r  
- k - - "  u.,, E;:! po;~Ls, ecerns pout, erll r'ad h;z';ce ; r e  
r ; ; :Ja t i ve : j  pare 2nd :heir distributions do p o t  
cons iste-i'tly -;orri>spor:i: s i  tfl3se ;:"ny osth2r- 

species ,  1 c-;np?rriso-i of t r r r .  'tvi~-w;:y taogc! 
( F i g u r e  1% ;with the 0f tne s i t e  grsi:vs oil 
ti.c ~ c c ~ j a " ~ e ' ~  f j T  1 31jre 18) reveals tee 
s p a t i a l  d i s l r i ~ u e i o n  .3f the si:e@fes grotlo;, F s r  









F i g ~  15. The s i t e  dendrogram, summer 1971, T h e  sei;ijence of  s a t ~ ~  ( t o p  to nci._tanl) i n  t h *  . ? e f l d r ~ g r a r n  i s  
the same as f r o m  i e f t  to i n  F i ~ u r e  17, 
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L I T T L E  SKATE 

LONGFIN WAKE 

G R E P I A D I E R  

S I L V E R  H A K E  

ANGLER 

2EDFISH 

bd i i ITE  HAKE 

WITCH 

ARGENTINE 

CUSP; 

P l i L i C C K  

SPINY DOGFZS!! 

HADDOCK 

COD 

W9LFFISi( 

rPiLoui 

SMOOTH S K A T E  

PLAICE 

THORNY SKb,TE 

I M A I L E D  SCULPIN 

C C E C N  i " i ) i l 7  

RED HAKE 

I "klN F t R  SKATE 

F i g .  i 6 .  The species dendroyram, suntner 1971 
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ex~mpie, sea rrj?i.-n, w! i-iccr f1 JL~Y:+T,  ior?~"lal-r 
yel inwtai5,  and winter skat?  are on17 foufid 
csnsirr.n"cly i n  g~ijcr s i t e  gr:>up i l l 9  011 
Island Sank and ? a r c  of 3aqquereab sink, 

" .  The major slzr '3r.3jy:~ a re  wr;] 1 S e p a r a b o  jn 

hjscrimjnant space ( l a n i p  10, Figure i9j. 
S a ~ h i e q u e n t  axe$ provide :lo fur ther  separa t lcn ,  
:,!?jcr site group I occupies t be  lower r i g h r  
segmei!P of sre  space, wien 1-he greatest dep"iil, 
innterrnediate t.3 Y ~ B ~ I I  te:np*;rr?",rre, zrlci s r n a l l e ~  
gvai w d ,  p o o ~ l j .  ;3vt3?. ~pj"liilenc5, ~i &l; ;iari 3bI p 

ainoiints o f  sand ,  Grsug 1 i s  ccn!plste?y 
seainp,jtec! Fwirl gr.;iic; i : ,  which (:overs dn a rea  of 
"ie d- iscr i i f i j zant  space char.3':til;rized by ska l  i c w  
dec t !~ ,  i r 7 t c m e i l i j t e  tenpera"Lur~, and ; ; i . g ~  
g r a i  nee, Idel: sorc,ed S?aii::e?;ts, w k t h  i.;ter-. 
.:re:iei;e to 3": ai~~ijnt~ ijf sdndr Ir?djor ;It:! 
.grou:, 11 ; i s  at  tne "a'- l e f t  of t he  space, 
r r e s e  s t3 t ioqs  i:ave tr3e sf*ajlosp:est depth, lo9* l o  
f nzermiedj 3ke c,e:n~flr,3:;re, and ? a rges t  
.!raS ned, oesl: sorted sedimcii's, i.1 th the h i  :;);id--. - 3  L 

sfiir3um OF sand. CIne st3tioo i n  t " ~  g n ~ ~ - i . ,  i s  
"3r 50 the rj;!: ii: the  t l i scz- jmi . ;dn~sp~ce,  i n  
the area occv;;red by majnr s i t e  group 1, The 
txo-il'sry !f Egurc 1 1 )  s!lfiw~ f;hz":roj";5 

~ f a r i  ( 1 R f j - k O  1 has vel- j  'j "., 1.,> 6biinddnces c f  the 
species characteristic of s i r e  gyoup 111, ?&jjor 
s i t e  grot12 11  ioc:upic.s the t ( . j ; j  celitre p a r t  of 
"ine s;lace, and orer:aps c;rr;ups 1 and  i ; ,  These 
s t a t i c n s  a re  dl., sr:alr 394 to inter':neilia" dqp$ ' ; ,  
a n d  var iable  i 43 -:.;';.?~6z.:jj 3*,nj ti)p,q:ldvctI1re, 

i - 
w i t h  intr?med;aeelJ# sire6 and sorts< to large 
i n d  well sorted iedip~;sn-",., Telat7vei.p hj@ i: 
sand content ,  The ~ t d t i l j n s  j n  : n a j ~ r  s i t e  graop 
:V 8-z scsttei-efj tL3-,a,j~hc>t ei:s; space. 5jnce 
theie s ta t io r ; s  ;f.~;rr.ai.jy l i dye  rbc::atiueiy 1 ova 
abiindances -,f 3 jet-y few -,p.~::ies, 1-l 
d i  ff.ficui*c j q L y p ~ e r t b : i  s pa*,i;prri, 

Tab le  10, coef f jc ienbs  of sqarate 
de;cm;inat~orr ! Si,mni?r i S i l  j .  Tqese c i l ~  1,ke 
r a l t v e  impor-lii~lc- o f  ~ ? d - l v j d r ~ a b l e  on 
a d s *  Tire eigei~vrrii;es ;I?@* the r e l a t i v e  ~l-rsotsfjts 
o f  group s e p a r ~ t l o n  a t c -~wn tcd  f o r  by each a x i s .  

-;i >a<& -..= * , ,, " .,-- , , -  > ' A  -?a,j,j;. -).,,-a k,C> i q  tee C 2 j t < ?  

a,+ : A  ].-.-c- .,;. -- ,,,! fi :i-'q,i,-" 23' 1.0 t y d ~ ) - w i y  1 
(;f sLi)-F 2 7 ;  ,""..A " : 3 7 J : , j G  ' .  , 

, .. a -  :-.. 5 j b i 1 - s  ints s p a  t ";a1 - - . .- " 
Y i d .  pg-,, :-,C .. , -  is,p..L , . . 7,,- ;f zi;e r~adItd"?4: ; n a . j o r  
s i : .  7.- 

' . - "  
,: . ; - r ~ ;  : . - .  3'1.2 1 . ;clj& 3 t , ~ l d l  OF 0 n . I ~  

f i v e  s;d;'lp-; ;ii051; 30 occur* 
, 4 2 7  I '! , c ;4~  cn)y scattered occur  r E ? r ; C e i  
of ; , ? + ? - . a  - - - - - , < . -  

. "  
:dpr:..ic,. 'gj :fie r 3 ~ . 3 j n j w  Feur major 

- . - .  .-- ,. c..;!.s, ijroap I i ?cj~";s stacic:iS iri tb-a;e 
;jay .,f r i - , ' ,  , , !; , , Q& S&le i s ? a t l d ,  dn3 WestePp3 
li;.i::5. ,"?:I ,-; ~ ~ 3 s  tecr? Z;ncjuprpau ;Sank. ell < 5.; 



S U M M E R  1942 

r' r l g .  29, The s i t e  dei-idrogram, summer- l i 1 2 ,  The sequence o f s i t e s  ( t o a  to bot tom)  j n the dendrqrani  i s  
the same as From l e f t  to righe i~ i;ig:i-e 22. 









F i g ,  24. The d r s t r ~ b t r t ~ o n  of r ~ t e  groups r n  d q s c r i m ~ n a n t  smce ,  siirnrner 1972, The sjwools and  rbmber i  
lett?r codes correspond t3  those r n  F ~ g u r e  22, The overprint t a l e  grves the  c o o r d ~ n a t e s  ( t i p ,  VPl  and  
?clei.tity of h ~ a d e r ,  ( =  overprinted) sr tes .  The v e c t o r  diagram summaprzes the c a n f ~ g u r a f r a n  of the 
envlrorrnenta~ v a r i a ~ l e s  reiatrve t o  the f r  rst two d l s c r ~ m i n a n t  axes. 



S U M M E R  1973 

Fig. 25. The s l t e  dendrograin, summer 1973, Toe seauence o f  s l t e s  ( t o o  t o  bot",omi i P the dendrograirl 1 s  
the same a s  From l e f t  t o  n y h t  i n  Fuguro  27, 
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Fig. 26, The species adndroi;ram, sumvier 1313.  
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TEMP 

** OVERPRINT TABLE rn 
S'P V P  oQERPRIHTE0 $76 f'p Vp OVERPRiNTeD S Y n  flP VF OVERPRINTED 

1 4 2  2 5  i 1. 12 2 8  F E 9 1 9 H  

F19. 2 9 -  The distribution of s i t e  groups i n  discriminant space, rummy 1973. The symbol s a n d  n u n ~ e r i  
le t ter  codes correspond to those in Figure 11. The overprint f a b l e  giver the coordinates ( H P ,  v 3 1  a n d  
identity of h i d d e n  ( =  overprinted) s i tes .  The vector diagram summarizes t h e  con f~gura f ion  of We 
environmental variables relative t o  the f i r s t  two discriminant axes. 



j rou)  qF s ' a t ~ o s s  r e l a t r i e i j  a o u ~ d a n t  cod,  
ye; : o d t a ~  I ,  lon;nora, wrnter skate ,  and sea 
raien. Yajor sr ts grsup I 1  1s concentrated i n  
tne Say of Fund] and on the ~ e s t e r n  sne l f  
barlks, . i ~ t i ,  sca t te red  s t a t i o r ~ s  on the eastern 
s ~ e l  f .  Reiat l  i e l j  abundant haddock w~ t n  
s c a t t e r e d  occiirrencos of ?any o ther  species, 
char-rcter lze t n ? s  g r ~ u p  of s latrons. .  "4aJor s i t e  
g r o u p  i; 1s s ta t rons  r n  the 3ay of Fbldy and an 
t"l caster-I silel+ banks, vir th r e l a t ~ v e l j  
3na~nda?t o la ice ,  thorny s l a t e ,  anc cod. The 
l a s t  '2i3jor group of s t a t r o n s  ( Y X X )  rs  along the  
3dge (IF tne she1 F ano In basr ns, and rs  
c I ? a r a c t e r ~  zed by r e i a t ~ v e i y  abundant sr Iver  
Par,., a n d  ire:ruent occurrences of angler ,  witch, 
rihi t e  nakc, and r e d f ~ s i ~ .  

Srabps of specles 11 th s l v i l a r  d l s i r lbu-  
t l o ~ s  dcross s ta t rons  a re  snodn on the specres 
d ~ n r l ~ o g r a n  i F 1  gure 26 1 and tne 1x0-way Cable 
(Fiqure 271, Ihe s o a t r d V ~ s t r r b u t ~ o n  o f  these 
s p e c i e s  groups can be estrrnated by colnparr ng the 
t%+o-day tab le  to  the map of tne s i t e  groups on 
toe  Scotlan 5rel i F ~ g u r e  281. 

af the ?a ja r  s l t e  groups a re  well 
; e ~ d r a t e d  along a x ~ s  I I n  the d ~ s c r ~ r n ~ n a n l  soace 
iTao!n 11, Frgure 291. A11 major s i t e  groups 
show consrderaoie av?rlap along a x i s  2, wnfch i s  
doill l a t e d  by temoerature (Table 121. Major s i t e  
gr3113 * r s  cwrr3Ctprl~ed by the shallowest 
de 3 ~ d  1ntrrrredr a t e  c e ~ p e r s t u r e ,  wi th  
genera l ly  large g r a ~ n e d ,  well sor ted sediments. 
Too "0 sedtions In t b i s  group t h a t  a r e  
msr tioned f a r t h e s t  to t s e  right along ax1 s 1 
(ll2-10,11), and t n a t  ~ v e r l a p  group XI, a r e  a t  
i n a l  , o w  depth out qave a y n ~ c a l  l y  small grarned 
setlrnents. The tao-$.ray tab le  lFrgiire 271 a l so  
sboris t81dt these s ta t rons  coqtaln rro ye1 lowtail , 
d t - ~ c ~  a r e  bsual l y  reiat3vaiy abundant a t  other  
s L a t ~ o n s  r n  t h ; s  maj3r s l t e  group. Major s l t e  
jVWiip I T  accupriis an rn te rmed~ate  posrtion along 
d & r s  1, These s tat lor is  a re  a t  shallow depth, 
q r  t h  1 nierrnedr a t e  t q  I arge y r a ~  ned s e d ~ a e n t s  
t h a t  3-e e l t h e r  v e r j  poorly sorted or very snai l  
sor ted.  "a ja r  s ~ t e  grog? V I I  I s  f a r t h e s t  to  t h e  
r j g k t  along ax38 I ,  a t  ; n t e m e d r a t e  t o  g rea t  
deprh, ~ I I  tl 7 e ~ e v a l l y  small g r a ~ ~ e d ,  poorly 
s s r t e d  sed~an?sts.  Yajor s~ t e  group Y I  overlaps 
yroui> i: airnost :onpiete?y, and 1 s  7ot s e ~ a r a t e d  
fron? this or an] o"9e other  groiios by 
subsequent axes. "be small grouos (111, IV, V )  
awe sca t te red  Lqrougl t + e  d i  scrrmi n a ~ t  soace. 

Table I?, C o e f f ~ c r e n t s  of separate  
dettarl~i~ natwnn f 'iu-aner i973 1 .  Tnese s h w  the  
r p l s t i  4 -  iqporraqce OF each variable  on each 
ax is ,  'ne i i igen~a lues  show che r e i a t ~ v e  amounts 
of j r 3 ~ o  s e p a r a t ~ o n  accounted For by each a x ~ s .  

2. Temp 0-6 65-7 3.3 0-1 
3 ,  Sal in i ty  1 2 . 2  1.7 51,3 9-1 
4. ',tilsi7E 21-4 12-6 36.6 41-1 
5 .  SED SAPID 0-3 3.2 2.7 4l.4 

Tnew a r e  i ~ v e  ? a J W  brea#s 1 n  the s l t e  
desdroyam ( F ~ g u r e  3"; zanJ zne t~a-way t a b l e  
i'igure 321 t b a t  drvlde tne s l t e s  Into soa t la i  
groups icrgurc 33 1. 3re of tile resu l t r  ng major 
S I  t ~ "  grou3s Q )  contal ns no s?ecr e s ,  an? av-iotwr 
:1V; ~ o r i t a r n s  only F I ~ C  s t i a t ~ ~ q s  ~ l " l t n  s ~ d t t e r e d  
occurrences of a Fed species .  O f  tnr rana-nln5 
four major 5 1  t e  groups* grolio 1 rncludes 
s t a t ~ o n s  a l o n g  tqe eastern edge of the sheif' and 
on t l ~ e  eastern s h e l f ,  'hese stazr'ons nade 
re ' la t rvely ahiqiiant trorny skate ,  ptaace, and 
cod, and Few other  swlec~es. Yajor s r t e  grotlo 1 :  
1s concentrated on Ranouereao, Sable I s land ,  and  
Western Sdqks, and contains r e l a t ~ ~ e l y  ahundaqt 
t h o r y  skate ,  ~ > l a ~ c e ,  and cod, as  &el: as  
y e l l o d t a ~ i ,  l o n g h o r ~ ,  sea ravel ,  and wlnztr  
skate .  S t a t ~ o n s  ~n major s i t e  grouo 111 a r e  I n  
the Bay of Fuildy, s r ~ d  ori tne western "7:F oC trir 
she! f *  S o e c ~ e s  re la t rve l /  abi~ndant i n  :riese 
s t a t ~ o n s  r ncl taae cad and hadmck. F r e o ~ e n t  
occurrelces  of several o tner  specres sich as  
ocean m u t ,  pol'loc4, si~outh s ~ a t e ,  zihn te nake, 
thorny A a t e ,  woi f f?sh ,  longhorn, and sea radev 
a l so  c ~ a r a c t e r i r e  ehese stations. The l a s t  
major s~ t e  gcohp ( l i  1 i s  conceqtrated a1 ong tbo 
edge o f  tne shelf  and r n  b a s ~ n s ,  and ~ n c l d c e  1 
few s ta t ions  on tLle *esterr" she1 f. Argentine, 
clisk, sr liver hake ,  spr ny dogfisn, r e d f ~ s n ,  
angle., smooth skato,  uira~ t e  hake, and w l  tctr I ~ P  
r e l a t i v e 1 j  freeuent a d  abucdant. 

G r ~ u p s  of species dr tr  s imrlar  d ~ s t r t b d -  
t ~ o n s  across s l t e s  a re  shwn on the species  
deriri~ogram {F~aqlire 31) and the two-may t a s l e  
iFlgdre 3 2 ) -  ibe spat la1 q i s t r r h t r o n  of 
soecles  groups can 5e est~lna",ed by comparl*>g tne 
two-way tab!e t o  the man of site grouos on the 
Sco t l ap  S5eJ i i' I gure 33 1. 

The major s i t e  grobos occupy d i s t i n c t  nreas 
i n  the d i  scriminant space (Table 13, Figure 34 ; , 
although there is some overlap. Groups a r s  
separated an b o t h  axes 1 and 3, and subsequent 
axes provided no f u r t h e r  separat ion.  Vajor  s i  t e  
group 1 i s  character ized by very low t o  
intermediate temperaktre, and a r ide range of 
sediinent s i z e  3rd sediment sor t ing ,  f rm tne 
smal lestggrained,  most poorly sorted sediments. 
t o  the l a r g e s t  grained, best  sorted ones. 
Stat ions in t h l s  group a i so  span a range fran 
stral iawi tc, intet-]mediate deptt ; ,  The two oiit 1 i e r s  
i n  t h i s  group i s t a t i o n s  225-7,8 f u r t h e s t  u p  q n  
ax i s  23 a re  the only i t d t i o n s  i n  s i t e  groug 1 t o  
lack cad ( typ ica l  o f  s i t e  group 11 and cnntaiq 
ocean pout ( typ ica l  of s i t e  groups 111 arid :"I?. 
Major s i t e  group 11  i s  separated iran group : 
along ax is  2 ,  19, is  character ized by i n t e r -  
medi a t e  taeilperature, ti;e l a r g e s t ,  most .re1 1 
soi'ted sediments, dna  very  shalloii depth* ' ' . i j -~ r  
s i t e  group I I i  occupies an i n t e m e d i a t e  prsositlan 
on both  axes. These s t a t i o n s  a r e  a t  shaj13h 
depth with intermediate ternperg-tiire, dnd 
sediinents t h a t  are  e i t h e r  large grained dncl ,&el1 
s ~ r t e d ,  o r  of interinedia-e s k e  and poorly 
sorted.  Ydiiajor s i t e  group "d i s  to the ri:jnt 
along a x i s  I, with i n t e m e d i d t e  to  damr 
tetqjerature, and  yenerzl :y small grained, p o o r l y  
sorted sediments. Tnese s t a t i o n s  a re  a t  
intermediate depth. The smaller groups j i ' l ' a n 6  

a r e  sca t te red  throngmoii'c the discriminant 
space. 



Fig. 30 .  The s j t e  dendrogram, summer 1974, The sequerlce o f  s- i tes ( t o p  t o  bot tom1 1 s  t h e  dendrogran 1s 
the same as  f rom l e f t  t o  r i g h t  i n  F i g u r e  32.  
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F i g .  34. The c i f . ; t r - i b u t i ~ n  05 j l t e  groups ir; d j s c r i m j c a n e  ;pace, si;mmer 1 9 7 4 .  The symbols n(rqlbi?t-i  

i e t ~ e r  CtiiieS correspond -LO ihoss i n  r f  su re  3 2 ,  TIii. over:rin";tb]e gives the coordinates (i.ip, B J i  ) a %  
id~ntiiy of !.idden o \ r f r f ? r in ted j  s i t e s .  Ikr tdececr d j a g q m  Su:m:arj;es the ~ 0 f i f i g ~ ~ 3 t i 0 f i  05 ch. 
cnvironrent~i variables r e l a t i v e  t o  the f i r s t  b ~ c  d j s c r f n j j n a n t  axes. 



l a b ! ?  i3, SrcV 1~cie::i  of spoa?-a:e 
deterlni??tio-, iSXdxrne- 1975 1 ,  These s1jc-i the 
i s i a c i d e  imp3rt iw& of ?dch varialPIe 011 each 
ax is .  I h e  ? i ; i e n , ~ . ~ l u ~ i  si?w rile r e ' i a t i u e  amoiiri-cs 
o f  gr5ur3 sf"..--"-;- ,d4 e g . , ~ n  accoiicted f o r  by each axis .  

- - ~------------------------- 
d !  5criiarnaot axes 

Vdr:ablc 
7, Depth 
3. temp 

P x i s l  P,x;s2 Axis: Axi 54 
14- 9 
7 .  31-5 2 ,o  g - 2  

Percels nf Group 
S e 2 d r a t i o n  62-d 2 7 3  4-9 3.4 - 

1975 Sl ime~" 

Th??!-e are i:;ii*- r i ~ a j s r  ored;:,s in the s j  t e  
di:r~dri;gram JF- i  ?i1i- .  :!'i i; 3qd the f;.iio-way e  
( i ly l l re  37) " c a t  divide ;he s t a t i o n s  into 
- -,,a"il .. dueas {Fiaul-e 33)- 3.e of the r e s u i t a n t  
;;ia:'os s i t e  ~ o ~ i p s  (111 coiltaaini: cnly e igh t  
; t a t ions  u i t n  -,c3tter-i'; occurrences of a few 
s:,ecies, ?f  ti.? remainirlg Four large irrajor s i t e  
.:rorir,.;, 4reup 1 :iic7?ides ;:ations along t* edge 
o f  t h e  snelf and i i  t n p  hasiqs, a s  3.,dell as a few 
st;iti::i?s i q  mc:ith 0" t h e  3ay of F4~nd-y- 
Yres?  s~-ii:jon5 Siii,. ra lat ivel j r  abiindant angler ,  
s i l v e r  hake, +mite  h 3 ~ 4 ,  arjd -edFjsn, as well as 
frr-tizlefic ..cc_irr,enc&s 3? cask, w.i t ~ b ,  thorny 
sk.?tc,  3 i i ; c e ,  J-C! ;voao- sk,:e, Yajor 
grau?; I I: IS cr~?ce!:crited on ?fie eastern s h e l f ,  
i n c l i " ? l ; $  \Olil? ;tat"o-ir j ' long the eastern edge 
c)f  t5e siiel f ,  ' t c l i t i  i e l y  ~lbi ir i i fant  u i  k h ,  thorny 
;~JTF" 5r i : l  ~l j i c ~ ,  i r id  allnost i i~ occnrrences 05 
any  G t i ? " T  s~:eci?s, ci;aractcrize these s tat ior is .  
5tat ior)s  i n  i l d j 7 r  s i t e  c;ri)iip 14 a re  in tile 3ay 
of ciinriy :;1d crl t+e .izs"rj? shelf  banks, 
S p ~ c i i i s  t -e?a t la~c i j .  co.nnon ana abunddn: these - & .~ A. : a f - r . a g ? : c  i r ?  t I~ci . -~y ~Sli-~ts, o;di;ce, smi;ci-h ska te ,  
occ:lrr xioiit, CT;C, ?3:iqii~t-l?, yei 1 !jwlai 1 ,  
r,3vil-i, ?nc? v i n t e r  flcunaer. The l a s t  mjor s i t e  
groili) i"!) 1:s ma*k un c"s?xions a? tki? western 
stiel f v i l  t~ re1  :xiieIj, abur!danz wolffish and 
haddock, 

Ths? majzr  ii se jronps occupy d i f f e r e n t ,  b u t  
8onevd::hdt over lappi -c ; ,  ?reds li; t h p  djscriinindnt 
spdcp !Tdb je  3 $  - .  3 .  G ~ D U ~ S  are  
* p m T  h=i ,a ra ted  dl 2 ~ " " .  -:stir axes  I 3rd w i t 1 1  no 
c. 
I tirtiler '>cpdra;-; 3r-: 2:aii rliid t:y dny iubseq ;~ent  
i X e 5 .  ,?*!?jr)r i ~ t ?  c:r-,i!c;; 1 i s  4-0 the r i g h t  of 
a x i s  1 ,in:i i s  . ? l ~ ; ? r i c ~ e r ~  zed by fnter l ;edjatp t o  
:jredt deotii a n d  i c i l  l n i  t j ,  ir?tennrdiaf,e to Y:ar!n 
Zemperdture, ;-,*id snai 1 grained sedimiytss  M d j g ~  
~ i ' t t .  g r ? u p  1 1  1 i s  pc,itioileii 3s tire cen t re  of 

1 2lrd r i ea r  top o f  a x i s  2, Tqese 
St~stl!)cs dre a-h?;? jar; -i@ptii, w i t h  iq"r,mediate 
sai  i c i t y ,  very lo-  teRjie?ar;hro, and e i t b r  
1nte:-vedid"_ c r  l!lirge cjr-i lied sedjjnerits, -{he 
one s t a t i o n  i n  t a i s  ;rou? rhdt i s  f a r t h e s t  d o # ~ n  
a l o y  ,3uis 2 (7??-4," ; i s  ~ i o l c q i ~ : ~ ? J ~ ,  as  

as  enviro?nental l j ,  si!ni! a r  to  3 r d ~ ~  ! see 
two-way t a b l e ,  F i g u r e  3 7 ) .  i t  has dri?;md'loiisii 
l l igh t*;nperature and isdl i r - i j b ,  and is the 0d.Y 
s t a t i o n  i n  group 1 1 1  ~0 h ~ v ?  relat.;veiy I J ~  
aniinddnces 35 hot"iSkit:> -ind p l a i c e .  i n  
*driftion, i t  h d s  three o f  the rpe.:iiis :nor? 
c h d ~ a c i t e r i s t i ~  OF group : ( s i l v e r  l i d k c i ?  d3?i.te 
h a k e ,  arid redf i sh? ,  S j t e  g n ~ u p  'i i s  ciiardc- 
t e r i s e d  by s!iai low to i,qter--iiediiite de;ith, 
intermediate t ~ r ~ ~ p e r i t u r c  and ~ a l  j i i j  t y ,  and 
Intermediate tc; Idrgc' graineci sediinentn. Gr^mJ 
i V  avewla?s groups lJ.1 and V ,  but a lso inclld'ie" 
statiorrs w i t h  the lowest sa ' l ini ty,  hig9cl.s: 
temperature, and i h a l  lowest d e p t h ,  w i  to t h e  
l a r g e s t  grained sedimeiits. 

Table 14, Coef Flciefits of separdte 
detem~.inaticn JSucrmer ?975), These sh,34 the 
rei  a t i v e  iinportacce of each ~ r . i a b l e  r;n each 
ax is ,  The eigenvaluos j$r;w r e l a t i v e  anrounzs 
o f  group separae";on acc3intf.d f o r  by each i3x.i 5 -  

---- 
DiscriXriant a x e >  

Variable ~~j ji ~ x i s 2  P,rfs3  xis so 
i 3 - F  7 13.3 

5, SEDSANLI 2-1 ; , a  1.5'5 51.5 
6, SEC"SORT - 14.9 9-9 Lg*9 2 s :  

=nva1 ,es J , -  d. I 

Percent 3 f  i r o ~ r  
sf pa ratio^ 74.7  ;7,8 3.9 i - 9  -- 

There a re  a r e e  m j o r  a j  i . i s j o n s  : ii t n e  Oj t e  
dendrogram ("igu-e 40: arrd tire tbio-w;i,y bisi=l?? 
(F ig t i r e  4.2) jj;v"i t j ~ e  j f l i ; n ~ a  t i' 
areas  (Figure  43). q;jor ;Etf jr;jp : i s  1n3de  
t p  of s t a t i o n s  alonq t he  edgt? of tire sh?! f 
i n  tne basins ,  The r;;l;-,tively bliqdd-is, s p e c i e s  
i n  t h i s  group a re  dngle r ,  r edf i sh i ,  d i t c h ,  *n r * i te  
hake, s i l v e r  hake, s?n:;otn ska te ,  d n i l  3 a l l o ~ k .  
P la ice  and thorny skate  dere a l so  . ; c r a s i o n a j  ir' 
present.  The second aajor SI:C group i II 1 S 
concentrated i n  the 3ay 3f Fgndy, h e r e  1 

variety oaf species  wers r.ila",iveir cowmon, 
incidding white hake, tnorny skate ,  c a d ,  
longhorn, and sea raven. ";ajr,r s i t e  (3r<3~ip 1 I I 
i s  concentrdtea ejcc'lusively on the *~eseerf-k 
s h e l f ,  I t  i s  character ized p r i m a r i l y  Sy 

at5 d e l y  a s u n d a n t  h i i  ihg",?d haddock.  pqi3jor  
s i t e  group IV occurs on ly  or1 the eastern s ~ e l  f- 
F?a ice ,  wolff ish,  thorny skate ,  cod, ye.! ' I o ~ ~ t . 1 ~ 1  9 

arrd longhorn *ere relat i t~-els :  abbndant "1 tR f s 
a r e a ,  

Sraups of species wirt; i im. i l ; l r  d i  j t r i  :D t J -  

t ions dcross s i   IS are shodr? on the spec ie  s3 

dendroqrarn (Figure 4 I. i t"i @do-way tab  7 
(Figlire 421, The spae"dl . i i s t r i S ! ~ t i o n  of 
species  groups can be ;.;tima%d by ;m~a,-i r3c7 
two-way t,3>?e t o  si.le l;3p of s i t e  group; Khca 
Scotian Siiel F (Figtire 13 ; *  

The ii~ajor s l  t e  i;roups a re  we1 l seclirir % e? _-d 
along axes i and 2 of the di  r,crilni narzt s p a c  
(Taole 15, F igu re  44 ) .  Su>senuent axe.; p r r a  W jidee 
l;o f u r t h e r  separation. VIajsr s i t e  group 1 * to 
tile r i g h t  along ax i s  I. ano near the centre a f  
a x i s  2 ,  lhgse s t a t i o n s  3re a t  iqtennedi 3ts3 
depth* with i n te rmed ia "  , ' Ian temgerat;ar-k?* a""? 



? .  
i q3. 35, lbe i i r p  den&orrai.l, sumirier 197:-. Tp.4. seournce o f  s i t e s  (top t o  bo t tom)  i n  the dendr3c;ram 
fhc s a w  n s  froin l e f t  3 o r i g h t  iii F i g i r e  3 7 .  
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F i g .  3 6 .  The species dendrogram, s u m r  1975. 
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3 .  The .riisirioution 3f s i t e  groups i t '  i i iscrjoljnalt s - ~ s c e ,  s;jxmer :i?.75.. 7hr. ryro i j l s  a q d  qufisev-; 
l e t t e r  codes correspond t o  those  i n  Figure 37- The u v e r p r ~ n t  -,aalr. 9jv-s t i l e  ~ ~ i j r ? i i j a i e i i  ! 3 P 3  gi2) l ~ d  
' d e n t i t y   or' h idden i =  overprinted)  s i t e s ,  ;he vector  didgl.ain sl;mFdrizes the c o n f i q ~ y a t j o n  of  
environmental var iables  relati.de t o  the  f i r s ?  t w o  discrimfnant axes. 



,- . <. 6:- The s i  f r  ; i i .nd-~y--~-r~~ summer I":;' T ~ P  spqije,jce sj tes ! top to b G t t o r n I  j r, tne ,jortdroqr:7 -c <; 

t h e  same a s  "on? l e f t  to rii~rlt i n  F i g u r e  4 2 ,  



G R t t : A i j i  ER 

L O t j G F i ? 4  HAKE 

ti1icn 

M i d l T E  M A K E  

S I L V E R  HAKE 

SrnaOrn SKATE 

P O L L O C K  

CUSK 

A R G E l u T i Y E  

RED HAKE 

I BARHBDOS S K A T E  







AXISi 
9 HIDDEN 9ESERi"i-TIOi-iS 

* R  O'JERPRIHI T A B L E  f~ 
j d r  '*" 'I' C'tewff:*i iC )?fl 'i? OI"PRik1Ei ' l  ;:N KP tjp OyEapRl - i (E ;  5711 Yp o y ~ q p ~ 1 ? ? - ~ :  ;yn yp  yp y y . ~ u p p  r-g i- ED 
i 4 2  6 3  ii A 51. 5 5  3 B 76 48 C i 7 i  4+ 2 2 9 7  39 5 

- .  
1 -  4 '- l : i i . i ' i fb~: i~: i  0' groups  i n  dii;r jmindrlf i g r c ; ,  7 - r e  ryillalli 

l e t t e r  codes c o r r e s ; o ~ r ~  t~ those in F i g u r e  42, - 
ihe overpriqt  Table  gyves the coo rd ina tes  ! H P 9  b'Pi a n  e-3 

e n  Y f = o v u r p i i n t i d i  s i t e s .  i n e  ie; i i l r  d i  ag iaa  ~ ! : ~ s a ~ i ~ i ~  the ;orfigurai(on of t h e  
~ n ~ i ~ : . i r ~ r ~ l c ? n t a ?  varilb!es r e h t i v e  to the f i r s t  rw? &wrjidnani; axe-;m 



j q ,  S".dj,aes.;s are gc5l.r;: sp~a; ; 
,r;i~r-iec 3nj vei l  sorted. Tile "59 D : J P , ~  ~ P Y S  
[sti:i;cs 25;-2;,74 3 ;  F l i r t i i es t  t o  the i p f l  d l o n s  
a x i  i l a  t h ~  ;pace -,;lci;pred 5y s j t e  group I i ' ,  
dre  'illi:i?it? i n  t r ; d t  ?nr ccn t " , i ?s  rio species;  and 
.;tiler. I s  the ?wily s t a t i o n  lji g r o u p  : ta  cor~taiv; 
d l 1  the spec5,?; c h d r a ~ t ~ r j ~ t l c  OF s i t e  g t - 3 ~ ~  1 V  
( ! ~ I d i ~ : ? ~  t d ~ )  i ffsk, ~ ~ s a r - f ~ ~  sb:dtp -- 1 <:3d> ,jfl,< 

l ? r i t s i?  ;, 51 ", :-:)vYYip I V  cccupier the low,-r 
l e f t  --lll-? ! , J #  , ,a:# : o f  t P i l  djscrj~ni 113i:t space, 
c~;a rdc tc r ized  ; ) j  skai  o.il dc.p: i i ,  the :opdest 
ten?pe"-iLdrii an(! ~ d l i f i i t , ~ f >  anti tne l a r g e s t i  most 
i??' s c r t e a  ;eli:n??nts, Rajar s i t e  (jro.no 1:: I s  
cnncentr?"id i r  the goper left q u a d r a n t  o f  tiye 
spice. ''hi. szdrions jro a t  sha! imli d e p t h ,  w:xh 
i nter:::e.ii 3i-e i s  w3m tersperature, i (1 termedi a t e  
s6l i n i t y ,  dc:j s rcdcminant ly  large grainad, ,dei l 
;$jr-e.ri seq<:ije8:ts, me sbae is r i s  in sitye gr.ciip ; 1 
iPr:?:ck !n s ?^icrcw L.?iicf ac-ijss t i le  space 
ncc~ipied by ;it? 3"aIips 1 and 11:. These 
s::jtions are a t  s h a l l a u  3 orlternediate d e p x t 3  
w i  L?? Nani zelrrper-at~ir?, i ntcnnedjate t o  h i g h  
i a l  i C; ty, 3r.r.i inCecn~diat2 sized,  y.)ar ly scrtefj 
sedin!er?tr. 

-- - .- - - -- 
3 i s c r T Z n a n t  axes 

Tne-r ai.5 f i v e  major divjsions : i j  tile r i t e  
denf~rc,~.ll- i . , a . u  ' F ~ ~ ~ ~  , . L-; 1 an:: the tde-bay tab1 2 
!?jgrJ::> 37) ti;& djs i jde the s i t e s  jcto spa:jdj 
drei,i !;:;ce 38)- 271e sf the resuiearit m a j o r  
s l  te gvc'ipr ( li) c ~ r l a a j q s  n2 species.  O f  t he  
rein,% f r i l n c ,  Five ;n.ijor gcczrl js, group 1 l nc l i t de r  
c t4+;A a ~. ,ns 1 ti;c Bdy 'J"'-*' , ,r3u], d l o n j i  " J h g  edge rjf 

:;re f, and on barr~r  o n  b ~ t i j  the e a s t e ~ r ;  a n d  
desterr; siicl f .  Si~ec ies  mosL:cminon i ' 3  t n i s  
gr01:11 ,are si;:ocjrlri 58i l i .1.  e l i t c h ,  thorny  skiate?,  an,:! 
n l i i c e .  5t.i;Cionr i': :rrajor s i t e  g r o ~ i p  I!! a r e  
, 3 7 0 7 1 :  ~ ! ) c  "351-f sr~c:! f ,  i q  ba5jns,  and or! 0j::ks 
an + *  ~ n ?  */ester3 she1 f. shese s t a t i o n s  inc lude 
sc,i",;si,ei: ~ c ~ : j r - r ~ n c ~ q  ~5 ;rspecj 2 s -  NaJ{:i 
i i t p  qr i jup  ::' inclurw-,  o n l y  a few stat ioi ls  
cor]con:ral;ed 3.; " 1 ~  eastern she1 f, 'IAoriiji 
sii-:tec., n:ai:re, and CO*! character ize t h i s  s t i e  
gl-oii::. Y.:jr;r s i t s  i;rung 'J i s  canceritrated or: 
t"if eirtc-.r shsl f ,  2nd i ~ . ? $ i ~ r n ,  :/el iovctal'i , - .  
tho rny  skate,  ; id:ce, and cod are r e l a t i v e l y  
3t:l~r;C;r-, i - i  l ,b: i  gf"{jiqP. :lie s t a t i ~ s  i n  rnaj9r . - 
;it:- ,;ro:ips r A  *;ccur 'is t ire Bay o f  FtrnGy, on tni;. 
w e s r ? ? - n  s h e l f ,  and  3 i j n ~  tile w e s t e r n  p a ~ t  of 
Sdbls+ isj$i?ri :33:i4. -";rl,? s t a r io f l s  i n c l u d e  
r e i j  :l ve7.t j i . i a i i ? r j t  ucea- p o u t ,  " ;d  "aver?, 
w i n t e -  f;:-:2jnrjer> f ia<j<jockg , # o ] f f j s 9 *  ::od, 

131lt. 



- --- - --- 
'1:- 45. T w  s l t f  l e n d r o g r z ? .  m e  7 Tne sequence of ilies (:OD fa boiiaml , n  chi.  d r n d r o c v a  i 5 
the .;dine as  from l e f t  to w g b t  r n  F ~ g u r e  47, 



DISTANCE 

R E D  HAKE 

WIidTER SKftT? 

"1 BARHDQGR SKATE 

Li LITTLE SKATE 

5E.A POUT 

SEA RAVEi-i  

G R E N A D I E R  

LOHGFZN HAKE 

VANL EEL POUT 

ANGGLZ 

SILVER MAKE 

REDFISH 

ir l i4ITE i i A K E  

TMDCTb S K A T E  

U P T C r i  

THORNY S K A T E  

PLAICE 

ARGENTINE 

CUSK 

SPIKY DOGFISd 

PULLOF,, :  

HADDOCK 

k l0 iFFIC .H  

COD 

L i A L Y B U ?  

EEL ?Di:T 

M A I L E D  S C U i P i N  

F i g .  46. The ipecies dendrogram, suimer 1977. 







- .  . " 
- 1 .  The d i 5 t ~ j ~ ~ . t i o n  of ~ j t e  groups i.; d i ; c r i m j n a n t  space, sbl'ixer 1977, The  e;/imosl.c ~ ; d  nu-rbpr! 
Ie i ; te-  codes iorrcsr~ond to those ir: Figure 4" Tne cverprliit t a b l e  g i v e s  the c o e r l l n a t e s  ( l i F ,  riD) ip:d 

i d e n t i t y  sf h:rjdr_.*1 ( =  o i i e r p r i 3 t t . d )  s i t e s .  Tne vec;or d S a g r i n  siirn~erizes the coni i . j . ; ras ioi  3' tklu 

~ p v i r ~ o n r e n t a l  var iables  relat i i ie  to t he  f i r s t  two d i s c r i m i n a n t  axes.  



6 6 The ; i ce  c?eirc:ssgrzrr:, summer i978. ;be seqdpnce o f  5jt-s i :iP to b g j t t o 5 j  I vi t::e ! i ?~r .gc j ra . . '  3 
t h i i  i317:e a s  1',--,::1 l e f t t o  r i g h t  i n  Figure 52. 
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LITTLE SKATE 
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2EDFZS11 

BARNDaOK SKAI ii 
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WOLi;FISH 

t i C L l a U 7  
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C ~ G L E ?  

32E27 Dc)c; 
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CLSK 
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F i g .  53, Ybe cl!stribiili:or: of s i t e  g r o u p s  ii. l i s c r i m l f i a n t  ,pace, sljfi;::ei.- ;97i?,, :rre w!naols dnc : ~ n > ~ r - '  
l e t t e r  codes ccrrespcnd t o  ti-iose i n  F i g a r e  52, Tile sverpr 3t tan'e g i ves  tlie cco rd i i i a tes  ( "P ,  1'3) 3 c ~ j  
i d e s t i t y  of 7:idderj i =  cvarp-inzed) s i t e s ,  ;fie vector- d iag-am summarizes t e e  c c n f i y i r 2 t i o n  o f  tic 
envj roninenta l  variacies  re'ative t o  the firs:: two disc r ia i -enr  axes. 



sldjor :i ie groii? I Y  i ;  sc?ttered ri'o.ig t h e  
pastern edge of t he  s h ~ i i ,  a s  ~ e 1 1  a s  on odnks 
on botil ?lie easierrl and vieseer:; pares OF ",he 
s t ~ e  1 f, iongharr?,  ye7 7 o ~ t ? i  I ,  shorty ska te ,  
; ~ l s i c e ,  ar:d c u m r e  i - i 2  3 t l v e ' i y  a b ~ ~ r i c i a n t  i n  t h  i .; 
s i t e  grntip. 

Groups of soecies ~i 3 ssirni? s r  d i  i x r i b s -  
t i o n s  ?cross s i t e s  a re  s b w n  ofi the soec ies  
dendroyram (Figure 51; a n d  the be-way t a b l r >  

521. :$e spdti3: f j j ~ c v f l ) u C f ~ n  of tile 

sr;er;res grc~iips can be cstieiated by comparing tl.6 
two-day tab le  za tne ndo g f  s i t e  groups cn the 
Scot i l 'a  Shelf (Figtire 531, 

The major s i t e  : ~ T O U ~ S  nccdpy d i s t i n c t  
sei;:ne:~ts of the d i i sc r i~o in ; , i ? t  .,?ace (Table I?, 
F i g u r e  541, althoii;h cnere i s  same overlap, 
partiicul3rly 3;neng Groups 1 ,  1 1 ,  asa 122, G r ~ u p  
1 i s  character izei lby an extreme range o f  
d e p t h s ,  wara tee-ipi?raruro3 ialenneiili a@; t o  n i s n  
s a l in i ty ,  and mostly small t o  intermediate s i z s d  
seoiments. Grclup 11  n i  SO covers dn exC~-eine 
rang'cr- of d e ~ t h s ,  d i  well as an e i t rere  range 05 
temperattires, ui th intemledidte t o  h i g h  
sa l  i n i t j ,  311d i ; j  ?x t r~? i i ;wange  OF seciiment 
s i z e s .  Stat ions I n  s i t e  group 111 were a t  
shall sw r.o intet-nsdja", depptk, intermediate cs 
h i g h  temperaturn and sal i n i t y *  d i  th intenni-idiaee 
t o  l a r g e  grained sedi 'nents. Graup i V  i s  
ccincentrateil to tile i c f l  of axis 1, and is  
character ized 3:i ska l law depth, 104 tsmperdture, 
i n"smed ia@e sd: ti1 i ty::/, and ei-ti-emel y large 
grained seqi;nenes. 

Tabit. 17, CoeFC ic ien ts  of s q a r a t e  
cieterminatioq (Summer 19731- There s i i o ~ ~  the  
reldtive /inport?i~ce ~f each v a r i a b l e  sri e:ich 
d x i  s. T h e  Eigenval uer show t he  re1 a t i  ve amounts 
o f  group  s e p a r a t i o n  c?ccocn"tci fo r  by e x ! "  a x i s ,  
--------F--m-. 

3 scrlrnlsant axes 
A x i s ?  A x f  r e x i s 3  A x i s 4  - 

18.4 75-1 2 - 2  0,,9 

? e r c e r t  o f  Group 
Se3aration 1 3 - 1  :8,0 a , l  2-9 ----- 

1979 Summer 

 the^ ;ire f j *  ,;aj3r 5r(?jks in 3he s i r e  
dendmgram !F%sre $55) d i d  the %to-way t a b l e  
(Figure 57; ' ,ha t  f i v j : e  1:he a p a ~ i a !  
i?reds {F ' ;g ! ; re  59). l;ns*. 3-F tire wsi,ltal?t clador 
s i t e  g r a o o s  ( 1 1 1 )  c ~ n t 3 i n s  70 i a e c f e s ,  wajcr  
s i t e  group  i i s  p ~ j r n a r i l y  a l o n g  the eastern edge 
of t h e  s h e i f  a r d  7s cLjdrac:erI~~d by ;ola!:ive'!y 
dbiin-idr~t grenadie-, : o n g f i n  hake? r e d f i s h ,  white  
h a k e ,  w t c n ,  and t31?'i 3 eel potl-,, Very few 
3 t h e r  species occur here" S i t e  gvc.,ui> I 7 '  - -  
inciudcd s t a t i o n s  i n  tne mouth o f  the Bay sf 
Fundy, I n  bas ins ,  along the cCTe of the s n e l i ,  
and sca t te red  on the easier;? si;e'!f, "-!any 
species are re? i t ive4y  cu7rni;n i.; t h i s  s i " i  ggroup 
a n d  ~ i h i t e  hakc, ciisk, ncTlock, :,.;irry d o g f i s h ,  
a n d  s i l v e r  hake arc pdr t icu ia r iy  a b u n d a n t *  
S ta t inns  i n  maj'?r sF:e CTDUP I'd a r e  at "Ica-j 

of t h e  Bay of F' indy  !:,id on th8? was.";er.n sirel f .  

r3td1): 3f ,#i: ;fi 5; .Sj ]  2;" .. ": 3 . " .  i-r?'. .. L L S -  

rlsns acrg i s  s i t e s  des - ii.;u"cin t r , i *  ip(?<idr; 
i e n d r q i - j r ;  (C ige r ;b  56 ~.~ii;-*~jay t a j i  
(Figure 51). The ssatir; g i ~ t - i i ~ i i t i ~ r ~  :f 
s p e e f e ~  grotitis car; be n e b :  _, ; .1r;ct6yi $1;. cscpz ri 3: r:;iii. 

%n.ri-way --. t ab le  t- tne n;iidp ~f :;T-~I~I)$ 071 3~ 
S c ~ t i a ~ i  Sriei f (F j j a r e  ii3L 

$! - 8ariziY?c b,xis! f i , x l s2  5):fs1 A:..-:' .,, . S- 
-" --.*_- " --yT_ ",'-"s__l __-" --.IF_-..__ 

52-0 4 i 2  i i i  

2, Tern:: l j * ~  - ; ~ , ! j  ~ 2 - 7  z*,; 
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F i g .  59, The d i  slr ibl i r ion o f  s i t e  groups i.: tqlscrim.Ir-$ant s;,dce, si:nmer 1979- Tr le sy11130:s aqo 
l e t t e r  codes ,+orrespond t o  tkose i n  Figbre 57. The ovcrsrir?t t d b l e  gives t.ce coordinates !t i" ,  V ? :  d:,: 
i d e r t i t v  of t i d d e n  := overprinted)  s i t e s .  Tr;c v e c t ~ r  d i a g r a m  su!?r~arjzc.s the configuration of t he  
? n v i  r o n ~ i e n t a i  v a r i a b l e s  w l a i l i v e  t o  the  firs:. :do d i s c r i i n i n a n t  a i c s ,  



There ? r e  three : ~ a , j s r  i q  ?fie s i t e  
dendroqrarc: ( F i g u r e  601 n r ~ d  tile Vide-way z a o i e  
(Figure 6 2 )  t k ? t  i ride the s < & s  !qro spacial 
areas (Figure 53). 2ne o f  tile resu l tan t  group5 
i i i j  i s  s!nall aria colitains nc species. !If t i e  
reird?ning gro~lps, t t e  f i r s t  i ;  i s  w ide l y  s?:cs,1 
dnd includes s i x i o n s  f o  t i e  :ay c f  'undy, as 
. tell  as  or1 the east2c.i and western she l f ,  7 5 i s  
group i ;  chariicl:erizd %i,y reldt7; vely. abunddr l t  
Ihdddcck ( ~ n d  cod,  d i t h  l e s s e r  occurrences of 
t h o r n y  ska te ,  pla:ce, ye? 1 cwts i l  , and iongfiorn, 
'lijor ;ice ' j rodp 111  i s  c o ~ c e n t r a t e d  on the 
e,ic,W.r-i :;he1 f and coqtains re1 a t i u e l y  abundant 
&. ,norsy skatee ,  ~ i a r ' c p .  cod, a n d  yello*wtail . id i t )  

wry fevd occiirpences of o h e r  specfes. The  
<tat40n;  i n  s i t e  3 ~ 3 ~ 1 1  1 V  are also ewiaely 
j~red '! ,  i o  t ! ~  9ay c f  Fundy, n l s n g  tne  edge 0 6  

the shei" and d i n  basins.  T?lis is  the only s i ; i  
Jroup i r ~  ~ h i c f i  grenadier ,  r e d f i  sh, cask, 
a r g e i i t i n e .  w i i i t e  hake, vii tch, ang'ler, s i l  uer 
ha i ia ,  3:ld r-ed riake dre rr?ldtluely abundant, 

5rsups o f  s p e c l e s  d i  t h  s i in f  j a r  d i s t r i b u -  
+ ;  L40r . ,  across s i tes  j r e  sho,,vn i n  the  species 
lendrogram i F i  q ~ i i - e  61 i and she two-way t a b ?  e , -. " { r l g u r e  62)- The spa t ia l  distribution of the 
, . - . % a - 7 t a \  . p c . ~ ;  .: groups can S i i  esriinated by co~rrparing P':i 
two -way  t a b l e  to tile map of sits? groups on "chc. 

Scotfan She? f (Figure 63). 

:hie first "cw9 :li;cri!r;ina::t axes a c c o ~ n t  F o r  
i w s t  s f  t i le  v a r r a h i l i t , ; ~  6:ilor;g s i t e s  (Table 19 ,  
F i g u r e  63 1 ,  and s;i'.sequent axes prov'de no 
Fiirther *;eparatl'on, ' lajor s i t e  group 1 i s  
l acd tcd  to  the  l e f t  a73cg a x i s  4 ,  at predoi~i-  
na9l;iy shallovd del~ t i i s ,  w i t h  an extreme range o f  
temperatures, f nterrcedi a t e  sa- i n i t y ,  and 
e x t r e w l y  l wge g r a i ~ e d  sediments. S i te  g ~ o u p  
I I I  occg?ie: J swbser of the space occupied D:J 
;i tt. group 1 ,  Srroiip !I I i s  cnarackerm'zed b;d 
very ihal I G W  dc-pth, 3 wide range of temper- 
atures,  i i-rtennediate s a l i n i t y ,  and predominant! !i 
'I - r-.rge gra ined  sediraerie.;, Grwp  Ii: i s  wioe' iy 
spread on both axes, and  irlcorporatas wide 
rdfiqes of nep"t1 a n d  r e ~ - ? ~ ; e r t ~ i r e ,  i n t e m e d h t e  t: 
i l i y l  s a l i n i t y ,  and srad41 t o  intermediate size:: 
s2diinents. 

Table 19, Cce'flcj~nc; o k  s e a a r a t e  
rli?terminatiog :';,uinrxer 9% ii, These shsw she 
r41d9i ve Ilrip3i'tdi;ce 35 e ic t i  variable  on each 
:xi 5,  The ei~ei7ti.~Iiies shad :he rela",ive anoun:., 
o f  grciup separi t ioi ;  d!:coi;nt.?il; f g r  by exch axis .  

"- -. 
Kscri~rii 'nant axes 

' d a r i z b 1 ~  Axis; A x i s 2  Axis? Axis4 - -- 
I. D e p t h  

Cro.lp-5 ~"sp;.cie$ '~'ij tr i j n i i  a -  d i  ; t ~ ? C c -  
4. l L.OnS dcrms ;i"j sI?D.vrl i t ?  -!I.? i l j ( '~12' 
derlbrol;ri?in ( F i g u r ~ f  66) p.nd t,.;c-d;iy tab',: 
( F i g l ~ ~ i - e  6 7 ;  the  mei;:, c; s i  tl? ;..r:tips c ? r i  t ? rc  .. . xorlzn Sne? f (Figure 6Ri. 

Percent sf S r n u ~  -, 

,o,z 1 C~ : 1 :  -. ~ 



P. 

1 .  6 .  The s i t e  dendrcgra-;i,  sumvier 1gWi 7qe s e ~ ~ u ~ ~ c e  c;: s i t e ;  [ tor)  to b o t t i i : :  i n  "l3e rlo.idrc;i;r31n b.: 
t h e  sanle a s  from l e f t  to r i g h t  i n  F i g u r e  62. 
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* %  O V E R D K I h l  T A B L E  *t 
5 Y M  PP ' I p  CYE4PPIWTED SVM tt? LP O V E R P R I N T E D  SYM WP VP O V E R P R I Y T E D  

3 2' 26 4 F 1 5 3  25 H 5 2 9  1 7  4 

F-9. 64. Ti.e d l s t r i b u t ~ o n  of s i t e  g roups  I n  d i s c r ~ m i n a n t  space, blirnmer ?9%,  The syvsois ~ n c i  number-/ 
l e t t e r  codes corresoond to those I n  gure 52, The overprint tab le  gives the conrd~naees  I hF, &'PI anu 
r dent1 ty of hlSden ( =  overprinted)  s ?  tes. She vector d l  agr a n  sumilarizes the c o n f r g ~ r a t i o r l  c f  the 
env l  ronmental v a r l s b l e s  r e l a t ~  ve t o  the f~ r s x t w o  dr scrlmlnant axes. 



. . 
i l -  65- s i t e  .li-."ogr-m9 summer i981. ;,e s q i ; e r c e  C: ij ies ( tUI3 to )ottorljj j ll .lie +ndr9yr i ; r i  $ s 

t h e  SdiiiP a s  F:.orn l e f t  to r i g h i :  i n  Figure 67. 



D I S T A N C E  

I 4 H C E  

WINTER FL3U?aDEF? 

L G M b f l O 9 N  

SEA RAVEN 

EEL POUT 

RED HAKE 

SILVkH H A K C  

i :ADDOCK 

THORNY S K A T E  

COB 

PLAICE 

A N G L E R  

SMI1OTi-I SKA;E 

Y I  TCli 

i d i i i l E  nAkE 

H A L I B L I T  

ia?OLFi*Sh 

POLCGCI I .  

5PZ4? CbDGFISlh 

ARGE".li?llE 

C U S K  

?EDFIS!I 

L 0 N G r I . N  ? ! A K E  

GREMCDIER 

F i g .  65. sprlc~es dendrogram, surir;i;er ?38i, 



me,- - m  

FRN* r.N 
w u n i  u- 

M ?. -O r- 
iON-  r - i  

m l i i  *- 
ro Cd + A - 

X)Nl  rJ 
A N 

" I N *  i 
n i r r r i  iii 

X) t-2 121 r? 
0 C.8 --r m 

XIS4 CO 
W? ri Cd a) 

m e4 -1 <,- -2 
? T i h a  - 

r* ^i rr c- W- 

v, rll .- 0 L1 
nini  N 4  

2r m ,-r -n oi 

,.7 *, - .* - 

M N N  

r i N C i  

m N cil 

"1 c*I N 

1 0  (\1 "1 

Xl h Prl 

v: ri 'U 

PQ r> tN 

,Q P4 N 

TI Cd Prl 

u- - 
" N N  r i m  

.r \f 
r; PJ n m u1 

w, dm 
X) N "I i* l ?  

i- V1 
cn o 02 in % 

L- * 
x l N W  Q-0 





A X I S 1  
3 H I D D E N  O B S E R V A T I O N S  

r r  O V E R P R I N T  T A 3 L E  * *  
57n "? V P  O t l E S P R I N i E D  S Y n  H? VP O V E R P R I H T E D  SYn UP ' I ?  OVESPRIHTED 
D 5 6  4 1  6 6 102 4 0  L C 27 26 C 

1 5 .  Thc d ~ s t r ) \ u t ~ o n  of s i t e  groups I I ?  d l  ;:r~mlnant snace, slininer 1931. T n i ,  sy"': 31s 3-d - - - " f  

' a t t e r  cqdes iorresqsnd to those i n  Figure 67.  The overpri n t  t a o l e  g3ves the coordinates  -. v i ' 
i r l e - t i t i  of idden ( =  m e r ~ r i n t e d ]  s i t e s .  Tne vector  diagram sup'-arizes the  c3nf i gu ra t1 ;n  f t h ?  

+ o n ~ e n t 3 '  v a r ~ a S l e j  r e i a t i v e  t o  the f i r s t  tdo d l s c r ~ m i n a n t  a x e s .  



i; coocentr&?ii dlsng the she l f  edge ir~d i n  i ' i c  
'>asins ,  2nd i s  character ized oy r ? l a t i v e l j  
ir-tjiient oicc:icrences cjf many species. "lajar- 
S I C -  groiip i i  incltidns ~ t a t i o l s  dlorlg the s i l ? i t  
edge, and 3 n  S?ole Island and 3rowns ?anki, 
~ ~ o l f f i s h ,  cod, ha l ibu t ,  and haddock are  
r.rl a t i v e l y  frz!jut"nt and abundant in t % s  s i  t o  
yr-053. Station; i n  ,najor s i t e  group Y are  in 
the 33a y f  Furidy and on the &%tern she l f .  
S,?ve-31 jpecies 3re r e l a t i v e l y  abundant a t  t+esc 
s t 3 5 o n s ,  i n c l s i d i n g  longhorn, ye1 lowtdil , w i ~ t e r  
ska te ,  sea rjven, ? l a i c e ,  thorny ska te ,  and 
con. 

:Zroups o f  species : t i t t i  s imi la r  d i s t r ibu-  
t i o m  across s i t e s  are  shown i n  the species  
cici~::r!jgram (Figure 71) dnd the tam-way table  
(FTgdre 72). The sad t ia l  d i s t r i b u t i o n  of 
spxcies groups can be es";ilnated by comparing the 
trio-way tab le  to  the map of s i t e  groups on tlre 
ScotLin She1 f  iFigilr-i 73) .  

Tho najor s~ t e  groups a re  f a ~ r l y  + e l  1 
s e ~ i r a t d  li! ~ P P  soace formel? h j  tne f ~ r s t  tdo 
? I  i ; f i r i ~ ~  ? a n t  a res  (Table 21, Figure 73 1 .  
S ! b s e q ~ ~ l t  3x3s 3rovr ded no addl t ~ o n a i  
; e l ~ i r ~ t l o i ! .  "4ajor sire group I 1s located t o  
tfje r1;i.t a loq j  ax i s  :. These s t a t i o n s  a re  a t  
i q t r r ~ i e d l  a t e  i-n g r e l t  depth and temperature, 
# i t ?  relatr i le i f  ~ r g h  s l l r ~ i ; ; y ,  and very small 
jra1 O P ~  c3 8 nterc?eilir lite sr zed sediments. SI t e  
i j c ~ u s  1 j cCI i f a c t e r r r e d  by shal low to  In te r -  
# ? P ~ I  3tr3 tlept9 and I ntermedlate to h 1 g 4  temper- 
3 r u r i . ,  4 1 5  a  range o f  sa1 ~ q i t y ,  and 
Int?rlnerilate to  I2rge g r a ~ n e d  sediments. "7a:Dr 
51 t o  goun V occurs i n  an area of the space 
ci??rdcterized $1 vsry  skallod to Intermediate 
d@pt I an4 very 1 3 4  tenperature,  These s t a t l o a s  
1ir9 Claw very low s a l ~ r l i t y  and a  range of 
s-dqinel7t s izes ,  fro17 vPri small to  very large.  

Tar?i. 2:. C o e f f ~ c i e n t %  of separate  
i l ? te ra l :?a t~on  (5prr ng 137%. These shod t h e  
r.1 i t i ? i t .  importance of eacri variable an each 
3 x 1 5 ,  Tbie elgenralues snod the r e l a t ~ v e  amounts 
)f jrooo separation accounted Far by each axis- 

P e r c e ~ t  of jrodp 
- Separation - 37.5 7.4 3.3 1.0 

There wer? fodr najor  breaks in the  s i t e  
dendro.jram (F ; ju re  741 arid the two-way tab le  
iFigur-2 771. ; h e  cF the resiil tarit ~ ~ O L ~ P S  ( I I) 
( ; ~ i ~ t l i r i i  o?ly one i t a t i o n  with no species. 
:4djor s i t e  group ! occurs along tile edge of the 
she16 dnd i n  the basins (Figure 791, Several 
species  a r e  re la t ive ly  corni:~on and abundant in 
t h i s  group. '!ajar s i t e  group 1 1 1  occurs on tne 
.iest.irn s h e l f ,  and i s  ci>aracLerizx! priiiIarily by 
re? a t i  vely abundant hdci lock,  frequent 
~ c u r r e n c e s  of cod, and fe.81 occurrences of any 
o ther  specfes. Stat ions ir! s i t e  jroup I Y  are i r i  

the 1: o f  r i j n ( j y  and ;p;ter:i ;.~e: f ,  ?j : i z p  

dnd : ,d i?,:cjr fref;uenc?,j> ,3i]<i :i',rp l ' - a ,  

sca t t : red  s ta t ion ;  ,.ii:.l r('j:tivK:j k r i j : :  

in~in~!~inc-is 3 f  ! o1?gilor~l. r,,:C?qirl J ~ ,  :" f:?; I !..,I 
;cul , i i  n, se?  r -?v?n ,  i r ~ d  - i i s ~ r  rr f j  '~ucif i . . . .  " 'i 1 ;*- 
s i t e  group Y i s  coacefitri;t i~d p p i ? d r j l  ijr: ::;, 

easter~n sj?ej f ,  a i d  j 5 ::'iac3ct.:" :i& ijy 

re1at;vely frequsi~r. .lo3 ?huilda.?>>:currer-~f:_.~-. ,JL 
p l a i - 1 ,  winter s t a t e ,  t I~ i> i -? . i  ;"-?4", y e l l o i i t ~ ~ l ,  
dnd  ; iilgihorn, 

Species n;i t i ;  s?'ni 13- d l  ; trii . , t ioi ' ; ;  .ic,. , ; 
sltcis 3re sirom i n  toe s ? e i i e s  4wilroSr:i,q 
(Figdce 76) and the tdq-.lj;ry "Ldl,!? O-jgrip; .  f ; .  

Tbe spa t ia l  d i s l r i h d t i o n  of  species group; cat) 
be estimated by comparing t>1e i,dc-day m b i e  t~ 
the :nap of s i t e  group; on the 'cotiai: C S + f  
(Figure 78;. 

Tae major si t e  g r d ~ ~ p s  ~ ~ 3 0 ~  ,?r;s icr:vsi? I. 
overla? in d i s c r i ~ n i n a l t  space 2 1 ,  F i 2 - 1 r r  
791, and axes o ther  t i ~ a i ~  : 311.1 ; : ~ r o v :  3r-.1 :-,ti -. fur t i ler  separiifiou, r;:e ?do-da;j :able : T i g i r c  
1 7 )  s h w s  t h a t  there is  a lso cor*.lje:-asle 
overla? iii species asse~hl i lges  o~xcjrig groups, 
Major s i t e  group i i s  charicter ized sy 
intermediate t o  g rea t  l ey th ,  sri".iu;n+ndi~ti y 
i nten?edia t?  iernperatur.2 dr i l l  h i $  .;a1 i i ty, ~ n l  
smai l grained sediments th ? h e * - $ 3  ir:tennedi 3t;'iy 
well sor ted.  The s ta t ions  i 7  s i t e  ;r:)up T i :  ,I-e 
character ized by shai i 3w to i nter-xiediti ;s de;;:,i, 
a wide range o f  te~nper~aiure s a i  i r i i t y ,  ~ : I I  
mnst'lj large grained, well sorted sedisne.;ts. 
The tdo s t a t i o n s  in t n i z  group ;2r tnest  to t i l e  
r i g h t  along ax is  1 13440,J: 1 w v ?  dnamaloir; 1:; 
srnal 1 grained sedilneqts fop t h l  s groiir!.. Tb1.2y 

are  3150 the only s ta t ions  i n  rn fs  rna,jqr 5q.e 
group f i r o m  which haddock ar-e ctir;ietts; y z!>ilir~:, 

Yajor s i t e  group i:' i s  p o s i t i o n ~ ~ i  to tr?? l e f t  
aiong ax is  1, and i s  c"aract-.ri;.?d by ; ? ~ ; a l i z ? ~ ~  6: 
i nterrnediate depth, I oii ~e! :~pers  t < l r p 3  d;id 
i ntemedi  a t e  sa? i n i  ty , '4 ti: setli li:J.1$5 t h a t  r a m 9  
f r m  very large and de l l  sor tea t:, ve?] sinid11 
grained and poorly sort?d,  Y a j x  s i p ?  y i -~ i :?  I 
i s  a l i o  located toward the l e f t  j l o r ~ g  a r i ;  1, 
These s t a t i o n s  a r e  a t  very shal 1-d dept+, ,,.v; ti: 
very low t emperahre  3 ~ 3 :  sa l i r i i ty ,  an! i a r e  
grained, we1 i sorted sediinents. T i ~ e  o n l y  
exceptions to  t h i s  pat tern a re  ccv?rai  5-,a':iors 
in s i t e  groi:p 2 ,  w h J ~ h  wer-e riee;>nr9 4ilc.ner9 7:3,1 
inore sal  ine,  wi tii sinaiier,  m r e  700r:y 5czrct:d 
sediiaents. The r;do-da;i tanle  !,-1gure 77) s+a7ej; 
t h a t  s i t e  g r w p  P a l s c  dif5er-r fr-om o t + e r  s i t : ?  
groups i q  major grcup 7 Sy 9 a v i 5 g  muci : ~ d c -  
abundances o f  pla ice ,  s i n t o r  sC 3te, t?orqy 
ska te ,  yel lowtail . and longii:jrn. 

Table 22, r;iiefficient; o f  ;epa~.r i te  
determination (Spring 1Ci3iji, T+gse ih i j ix  t.:,: 
r e l a t i v e  Importance oi- each ~ l r i i o l e  oil e.:sbi 
ax i s ,  The eigenvaliies shod tl15 ".?lati  ,4_a 31.1?:111:s 
of gr :up sepdration accounted f o r  oy eacir $ < i s .  

5. S2ISANO 3 - 5  i 3 . 3  9,: '?"6 
6, SEDSOKT 4-3 24.9 43.0 $1.6 
Eiqenvll ues 
Percer~t of Group 

Seaaration 73.3 19-2 2-5 l , i  
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AXIS? 
6 t l i 3 D E H  OBSERVATICNS 

* *  O V E R P R I N T  T A B L E  4 4  
S Y 1  HP V P  OVERPRINTEG SYM NP VP OVERPRINTED SYM WP YP OVERPRIN7ED 5YM eP  VP D V E R P R I N T E D  SYn 14P V" O V E R P f f i h T E D  

P 2 3  7 4  i: L: 2 4  7 6  t G Zb i 3  F K 2 0  68 H 1 5C 2 5  ?I 
N ? Z O O  

7 .  The . i i ~ t r i t ) ~ : i O c  of s i t e  groups  i n  d i s c r i m i n a r r t  space, s o r i n y  iTjij. The symools and nui'iSer,' 
letter codes cor respond t o  those i n  F i g u r e  77, The o v e r p r i : : ~  taole  g i ves  the coo rd ina tes  ( H P ,  i j P j  a f i d  
i d e n t i t y  of h i dden  ( =  overprinted)  s i t es . .  The v e c t o r  d i s g r z n  s?imii?arizes the confighration of t h e  
environmental v a r i a b l e s  r e i a t i ' r e  to the f i r s t  iwo d i s c r i m i n a n t  axes.  



78, {!ere i re  "vi: :i.ajor breaks i i i  the s i t e  
~ji?:~i?ro3rarl: i F i g ~ r e  %I? an? t!i? tda-way tab le  
[Figi~r-e  82) t h a t  divide the s i t e s  into spa t ia l  
~ r e a s  iylglire 53 ; -  :ne cf the resul tanr  major 
s i t e  groups ( ' { I  can t? ins  only Faur s t a t i o r ? ~  # t n  
no ;pccies, CIF the s tner  major i i  t e  groups, 
group i i ;  located on Saaie I s l a n d  dnd 
9anqueread Banks, &ere  only ye l lcwta i l  , and, to  
3 l e s s e r  ex ten t ,  cod a r e  r e l a t i v e l y  abundant. 
S i t e  group I T  i; ;oc i ted  i n  tLie ssn?e a reas ,  ~u t 
a l s o  i l c ludes  thorny ska te ,  smooth skate ,  wiqter  
ska te ,  a n d  Iongi~orii, (3s wel l  as  :iellowtail.  
S ta t ions  in s i t e  group 111 are  predominantly on 
the ,destern shel F .  Sever31 species  occdr i n  
these s tat i3r is ,  b u t  only haddock i s  r e l a t i v e l y  
dbunddnt. %lajcr s i t s  jroup i V  includes s ta t ion ;  
,3?on3 trle eastern edge of the shel f ,  i n  basins ,  
2nd sca t te red  on the western she1 f. Y i  tch,  
-;idice, thorny s:;ate, smooth skate ,  and cod dre 
r e l a t i v e l y  a b u n d a n t  in these station;,  S ta t ions  
i n  major s j t e  grout; 'lI a r e  a long the edge of tne 
;helf ind i l  basins. These s ta t ions  a r e  
character ized by re?  a t ive l  y abundanr argent ine,  
s i l v r r  hake, angler ,  red hake, dnd redfish.  

;rtiupuof species with si:nii a r  3i stribti- 
r i o n s  across s i t e s  ,are shown i o  the species  
4erriirograiii (Figtire 911 and 3 e  two-way table  
(F igure  8 % ) -  The spa t ia l  d l s t r i n u t i o n  o f  
-. .?ezies groups ccin be estimated by comparing the 

t u a - ~ a y  t sb le  to  the mao of s i t e  groups on the 
Ccotian Shelf (Figure 833. 

The inajor s ize  groups a re  f a i r l y  d e l i  
separated i n  the discr i inlmnt  space fanned by 
the f i r r t  tdo 3xes (Table 23,  F i g u r e  84 1 ,  except 
For .?reup I ' d ,  w h i c h  overlaps a i l  the other  
3roops. Subse~l~lenC Axes provided no f u r t h e r  - .  separat ion.  b it^ group i i s  a t  the shallowest 
lc ; ; ths ,  4 i  "s k iiiv to i nterrnediate temperature, 
ina tile ldrges". mmos t we1 l socted sediments. 
5 i  t e  7roup I! accuyles a small area to the l e f t  
cf a x i s  I. Tlnese s t a t i o n s  ,are a t  tne shallowest 
? e ~ t h s ,  w i t h  lo# temperature, and tne l a r g e s t ,  
3-:os"irl l sorted sedii-ients. The txo-way table  
(Figlnre 92) shows that tne :wider temperature 
rsngc i" s i t e  jroup i i s  asscciated w i t h  a 
decrease i i i  the .el a t i  ve abundance oi- p l a i c e ,  
thcrny ska te ,  winter skate ,  ye1 lowtai 1 ,  and 
loncji~or-n. 17 a i l  o ther  respects ,  these two 
groups 3t-e environmental l y  s i i i~ ik i r .  The 
; t a t i cn ;  -in major s i t e  group i V  are  charac t f r -  
ized by shajlow 3 1?qt~vnedia te  deptn, and !od 
t o  inter-mediate templriitare, with a range of 
.. , ,-dixents, ,> from l a r ~ e  and 'we1 l sorted to smai 1 
dnd poorly sorted.  alajor s i t e  groui) 'd1 occgrs 
t3 the riyhr. of axis  I ,  and i s  character ized by 
i:itere;rediate to  great  depth, warn temperature, 
3 r d  small to inter:nediate sjzecl, re1dtive:y 
poor-ly sorted sedi!nents- 

Tsole 23. C o e f i i c f r n t .  IF sep.i-.ite 
determirlaticn jS3ritiij 1?Li9? j. Tilest? -itam xi;,. 
r e l a t i v e  importance of ~ i c h  variable on each 
axis .  The eigenval~ini, ;-ori the r e l a t i v e  .tnouriLs 
of $:,oup separ-ation accourited for  by edcb a x i  S. 

3 .  Sal ini ty  
4, SEDSlzi: 
5, SEDSAIID 

Percent of Group 
Separati on 6i.3 ; 5.0 ; .d - 

1979 Fall 

Tnere a r e  five inajor br-sacs ~n t he  s i t e  
dendrogram ifigi;re 851 a n d  tile two--way C,dtile 
(Figure 87) t n a t  d iv ide  the  s i t e s  i n t o  ; n a ~ i a l  
areas  iFjgure 881, One of the resu l tan t  ; i ce  
groups ( 1  1 contains no saecies .  Major s i t e  
group I T  i s  located a l o n g  the shelf  edge, and i n  
basins, w i t h  a few s t a t i o n s  scat tered 3n tne 
~ e s t e r n  she l f .  Gnly pollock and  cod a re  
r e l a t i v e l y  abundant, and t h r r ?  a r e  some 
occurrences o f  spiny dogfish, wI?Itc h!~e. ,lnC! 
tusk, Major s i t e  g r w p  IlI O t C J J r S  d t  severs! 
locat ions on Yne eds te r?  a"-: {desferc srre?"~.;~! 
i s  character ized priinariiy by re l i t iv i . ;  i 
abundant haddock, cod, ; i f i d  ye1 1 o s t a  ii , There  
a r e  only a Few occuri.ences ofot9iier s p e c k s .  
The s t a t i o n s  in major s i t e  grnuj :Y occ!ir ali):l(j 

the edge o f  the shel f ,  i q  the barins ,  ?na i n  t h o  
Bay of Fundy* They a re  c!:aa^acter:red by 
r e l a t i v e l y  abundant m i t e  hdke ilnglfr) an3 
s i l v e r  bake, and l e s s e r  ahtindancer eF w i t z n  ant! 
plaice.  S i t e  gr3up ii i s  small ailn ;ni iudes o n i j  
s ta t ions  along the edge o f  the s h e i f .  Longc iq  
hake and redfish a r e  r e i a t i v c l y  abunc?ntr:ert?, 
wit11 l e s s e r  ahundances SF w i t c h  and t!iou.w 
skate .  Major s i t e  grsup V i  i s  conccntra"t?cl 
primarily on the eastern s h e l f ,  w i t h  a %A 

s t a t i o n s  i n  the Bay of Fufidy and on t h e  t es te rn  
she1 6, These s t a t i o n s  have relat::  vely iib~ncdrl'i. 

thorny skate and plaice.  

Groups o-^ species :r.i t h  s i m i l j r  d i  s " s r i t , - -  

t ions across s i t e s  a re  sbown in tnc specis; 
deizcirogran (Figure 861 and tile two-way tar;!? 
(Figure 87). The spa t ia l  d i s t r i b ~ . ~ t  icn 3" 
si;ec;es groups can or estlmatea by cony;ari ng i"?e 
wo-way tab le  to the maF of s i t e  i;rOo;).j 6': :iic 

Scotian Shel f  ( f i g u r e  89). 

The irajor s i t e  grouos overla; co~i~?c:- i ly  ;.I 
ax is  2 i n  the discriminant space i i s 3 i e  2 3 ,  
Figure 89)- i j u t  some 3f them are  we1 1 ico?i--i:-3rl 
>y a x i s  1. Subsequent ares  ~rovi.";eii n; f : r i . t i ~ , ? i  

separat ion,  " i jor  s i t e  gratip Is/ icchpies  I 
central  posi t ion cin both axes, characterizeij  S,j 
intern?edi..,te depth d n b  teraporat2re, r e i a t i  i f ? l y  
high s a l i n i t y ,  and an extreme range of scdiaen: 
s izes .  The one ori t l iar  f a r  to the r'4gnt along 
ax is  1 ( s t a t i o n  27-57] 4s anonalcw; i n  h a v i q g  
very low abundances o f o n l y  two species ! r igure  
3 7 i -  These environmental parafneters a re  a'lmosc 
ident ical  to those of s i t e  group I!, but tne 
two-way tab le  (Figure 87) shows t h a t  the species  
assemhiages a re  qu"e d i s t i n c t .  Exceoe f o r  orie 
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F i g .  iYi. The d i s t r j b u ~ i o n  of  s i t e  groups I n  :iiscrimlnani. space, spring i981, The symbols a n d  7 u l ; i ~ p l - i  

l e t t e r .  codes c o r r e s p ~ n d  "L those i n  Figure 82, The averprint t a b l e  g i v e s  t ne  co~rciiriates ("r'* WVFj 3~?!1 
i d e n t l t y  cef n i d d e n  i -  overprinted)  s i t e s .  The i e c t c r  d iagram summarizes the coof ig i ; ra t fnn o f  the 
envirorimentai var ia5les  relat ive to tine f i r s t  tdo discr iminant  axes. 



- .  , s i t e  den~lrcgra.:?~ fa: j 1979, Trio secueqce of  s i t e s  ( t o p  to battomj ' - 1  t h e  dend~sgr -a i l  ii t'ii- 
same as  Fro71 i e P t  to r i g h t  i n  F igu -e  2 7 ,  
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Fi:. 2jb. 7ne species de~idro3carn,  f a l l  1313. 
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F i g -  3". 7rie i \ t ? , r n l : i . j l i .  9f s i t e  g9ouos  I.r d i s c r i m i n a n t  space,  F a i l  1979, The symna?i d n d  
j p t ~ 3 1  C C ~ ~ S  ~3,.re3,33rq t r j  7:!1t)s? j n  " i g ~ r e  87, ':he overprint  t a b l e  g i v e s  Cnc- csordin? tes  i : J P ,  
i t l en t i ty  O F  hidt ie . ;  ( =  o ,~o r ;> r i r ? t ed )  s i t e s .  T t e  e iec tc r  diagraiii  surnmarires "ie c o r i f i g u r i t i c n  o f  
~ r l v i  f ~ y ~ l ? ! e ~ < a j  r a r i  3~ lei; v $ o t j v e ' c 1 1 ~  the  Fi rs t  b ~ c t  d i  s z r i i n i n a n t  axes .  



I g .rr.is I ,  s i t e  gl-%:I s t a t i o n  f3r. LCJ tilt? l e f t  i sri  - " : 1 3 j crt,- , l ~ i p l e " i ~ y  se>-:--?tcci frarr! ; i te greuf  1 X I 
on ax i s  1. ';ro:i;i :!I i ?  r i sa i sc te r jzed  51 .iery 
shalior:  depth, if?!.er-irie~iatf? ti? *a-71 temper-" 
attt-r-s,  jnzprn!edi 31.2 j r : i ty ,  arid $xtremely 
large grain& ,eijjr':c.*ii;~. S' te  orr,,:? V f a r  r;r, 

. , trie r igh t  a l a a g  i s -  :; L ,  aqd i s  c h d r a c t e r i z ~ d  by 
great  depth, Ic?.i?rmed;az;.? t.wipfri?tire9 h i g h  
.,dl - c i t y ,  ac,(i jiilnj 9 j r j t~ ry l fd ia te  s i red  
sediments, ;Sa.jc.. s i t e  gr3:~p ' i l  *~,ver!iips a1 1 
o ther  ;ik grr>up: e-c,ec;i: V ,  Sb-cion:; iii :?:is 
s i t e  grwn are d t  predi):n<r!i~nrlj ;hallow d e p t h ,  
w i  Lf: d wide r-arij? 3i  t - ix~crat t i re ,  iatermedizte 
sa 1 in; dl? i i:r:,ri-;t=ci :;e t; '1 a r ~ e  g ~ a j  ned 
sedii-i.int,;. 

; a b ?  c if-, C3k-t I;,! " q t ~  z3i 5i;Facate 
&ter.ijnatjc,;1 [Fa; j 1379). "nese 5 ~ 4  ;he 
rc.l.3tive irnpart3nce 91 2ai:l: variable on eact1 -- ' . axis .  ! ne nr g$nva?,;es sili,',~  he ce?a",ve anciiiiti 
OF 'jrctup sepeyation --counted for  by each a x i s .  

~ - 
Ci;r~.irnj:;sr?t ?xes 

V a r i  aoi e -~ --.--7T.8.-.--7.-2- Axis1 ;x i52  Axis; A x i s 4  
!. : 1C$ th  -. , ,. T - - -=- - -FJ-  
2. Ti.;.$ 9.5 4 2,s 27.4 
3, 5aiir;ir.i. 4 23-3 0-6 29.7 
4. SCDI\iZE i l  - , 3.5 53-0 13.6 
5. SE3SkNL: ( j , O  4.8 3°C 12-6 
6. SEDSfJRT - .*- 5.2 ?,i 2-6 8-4 

?-.- -- - . --- ..~ . -- R-- . -- -. - ...F - .---bm- 
i ~ g a n v a  ;ues .. I.8 J - 2  * , 

P ~ r c e n t  of Croup 
S e p a r a t i o n  .~ .- 67,s 2 5 2  3.5 1.5 

1980 Fal l  

There ride .ri;,jo? :rrc;lZs in t?je site 
ier;drogram iF i gdre  9"Ij < i q l  c:le VW-way t a b 1  e 
(Figbre 32)  t i a t  divide t ? ~  s i t e s  i n t o  s ? a t i a !  
a reas  ( F i g u r e  43). 2pe cf  the resu l tan t  major 
s i t e  groups { I V j  c f ~ n t a j q i  only "cdr s t a t i o n s  ip 
wh'tzh ,lo v>pecies cict i r ,  '4djsr s i t e  group I 
ni.1-ur; diong tile ,&ge of I,!:? sfip1 f aqd in 
k s i r l s ,  k i t l ?  -1 C?pd s ra t ic i i i  or; tke &s te rn  
she: i .  Several ipeci es are  re: a l j  ve?y abundant 
irl t h i s  grotri), "iludr'iig i or ig f i i :  hake, 
{ ~ r e n a d i e c ,  &bi te  riakc'. s i l ; i c r  hake, angler ,  
r e d f i s h ,  di:d r e d  ildb,r-- group 1 1  j; ? i s 6  

- "  a: arig edge -,i;c: ;iiel f, ,;a \.tl i 1 as on the 
^aster.: she; f .  7fl-;e r;tc;t-ior;s ar-e (:barac",rized 
by r e l a t i u e ' y  a b ~ q d i f ~ c  p l j i c - s  .:rd cod, S-cations 
i r i  :;i::j-)? sjj? grr;u":li rjccuc j n  B a r  of 
IFundy, on S3Yc Is l ; f~d  ? a & ,  and si sewh2re on 

easterr:  -tiel " .  :i!esc: 5t33tions contai '? 
rela"Livei:i :reilge:,t a;:;! aD1!a:isn*, 0tCiirrenct.s of 
'?a" specc:et, e;,,e:<c?l l y  p ? ?  ice, ",,~?rny s k x e ,  
kdddock, v;l nt,;r siidze. 1 0 ~ t a : I  , li?ng:-~orn, 
~ i c t e r  fjeiin:l?r, aq": ce? r , : v ~ q ,  S j t e  ij?-(i~:. Y i s  
cor~ceiitraled i;r'"i:i~ar-f;;i :it t i le  h2aih OF the 3d;i of  
F:jndy, d q d  RC :n-cje: z i e  cocs i s ten t lp  
r e l a t i v e l y  a i i . i i ~ d d n f ,  w r y .  ;iaJcr s i t e  Srouj; 3': 
is  sprcdd ijyer :);a * l e s t ~ r q  ailel f. -ia,ddoci: i s  
r e 1  a t i  v e l y  acg;rcidnt a c  t,+e;f s t i t i s n s .  

j i !  :he <i-,c-jmifianl; space ;:vea*f?.2 3y : r y  fi r;T 
t v i G  axe-, (l'abi.? 2% Fjgucc 9;;. 5i~S;e:qi;~" t~lnil-5 

2rovided no f u c t n e -  separat ion.  'lajar r i l e  
* " group i s  ci~i:racti;rizc?.d by i:ltecr~zec;?ate t o  

grez"e;]tkl, I cw ts i nremesi  a t e  ten;i-?r,?).j?-c, 
iniec:aediate to h i g h  s a l i : q i t y ,  3" ssmsl: t? 
intermedid"; sized sediriicnti. Adjcr S! ti' 7r'3':!i 
i I 15 ~ h a r a ~ ? : e r i : ~ a i j  52~ shaj 1 ~ " i $  zo 4 s ~ ~ ~ - n i e ~ j i a t ~  
dept-" I low temperatt;r?, i ?';eriaedi .3"l .",a li ni :j 
and i nter-medid", ?to large gra! nea i.-cb?i:ents 
Stat ions ? n  s i t e  group Iii a r c  a"i-si;dllow ;a 
- I ,. 8rte;.:nedj d & deeph, j iit~rr.;ebiate <;l;n~(i~i+:da-e, 
arid a d jde  range of - - A ' ;  aL.. s f a ~ ' , ; y 7  - '  .<rj:h j n t e c a e ' ~ i T ] t ( ;  

ljroua ' d l  to large grained sedii~~enti; .  Si-- . , (jccia~ies a subset of tne space ~ : C C I I ~ I  F??I by ycxi,, 
111.. sr.oun V i  i s  cr;sracterized .:";;;13~ 
d e p t h ,  interinefliate te~nperaL,:re i?r; i l  sa: I : i f  ;:i, 
and iarge gr.aj.;@d sc.d-lriie*?"L, Si:? grati:; 'd 

loccupics a s"c? 1 smal l;;r s u t s ~ t  of ti;? saice 
space, c n a r a c t e r i ~ e g  by t": ;ha: 1$~$it, de":,?, 
4 nter-aed5ete t e iyera tore  and sal 2.: r:#, a n d  
i f i ternediate  to  i a r g @  cjrdined sec io~cn;s~  'n? 
two-way tab le  (Figure 92; srtgv~i ; k 3 z 1  - j i ~ ~ t  A S  

" * graijps 111,  \I, a d  ii o ~ c t ~ p j i  s~;::cz-,s, v 2 1 y  

smal lev p@ri;ions of "tr: e riii;crirnics,r:; space, ?:bey 
contain successively sna? l e v  s p e d  es 
assemblages. 

Table 25 .  i:ceffii:jants 06 --pdr.3te 
detcrajnat lnn (Fa1 l 138C). rrie-3 j i l , ? ,  LY;+ 
r e l a t i ve  iiripartance of -'.acii gari-1c;e CI" ~ ' i i l ~  
axis .  The eigenvallies stow t k  --c:ii:i*i;l ::.iaui:rt 
of group separation ac<oui:tei; r;r 3.i. eat!? . r ~ ? \ .  

Variable Axis! ,&>xis? Axis::  Ax;;4 
T- F---.--.-.- -. v? .T.- - --. z. T.- -- T- ;- -. - -.. -.- - 
A .  -ieoth 42.3 .. .* . 2.7.- 

 the^ ,jre f f d e  ~ i ~ a j o r  bv-.?ds,; ~ r .  i,rs?? ::;c 
&endrnijran ( f  i gare "3 3n:i tt1.2 ibt;-+~;-, A --' J .",a Lj 8 t? 

(;jgIITe g/ j t h a t  d9;ajij~; s f k e ; ,  .I-?; 5:-t'a7 
areas (Fjgur; 98j, Ine o f  ?:';i:c. rei:j:?.di::: Z T ~ J : ~  

s i t e  groups ( i l l j  csntains  no specie;. % j a r  
s i t e  group 1 o c c ~ ~ r s  aloiscj ti;(. c . r J y  :F rli;a ~ c ~ o ;  f ,  
i n  basins ,  arid j~ "ci? f a y  of T U I ; ~ : ~ .  fi!,ij:e, r t d  . "  l ake ,  51  : ver- hake, ailg?r:r, u n i j  bi; 7211 ad'i 
r-elstiuely ab.jndaiii- i r ,  t h i  5 3r(;q,,  ' 4 3 j ~ r  5' :f. 

qrcu:, 1 1  i s  predoini nantiy dl o;q $;r)s: erst- sf ti-? 
shelf  and i n  tkjc Bay a"flld;i, & idj(jc *~?!~,:>.? ,,)p 

jpecies c c u r  "in t n j s  ; ipe ~ ; i . ~ l i p ,  s:a:i';f,; ; 7 

major s i t e  group 11; a r e  coocectrazed or zbc 
eas",.rrr si-ielf, dnere ~ 3 3 ( ( 1 ~  i ) la3ieeg i c d  zh3r;::' 
s k a t e  3-5 r e l a t i v e ? y  a3~ndac!: ,  ~ l ~ ~ r " ~  ,]re , ~ i s r ~ . 3 ~ ~  

ao occurrences of any s t h e r  ~ ; r ; e c I s ~  5 t . ? t ' . j n i  
i n  major s i r e  ~ r ' i u p  '4 occur p r i m s t - l i y  61:  rne 
western she i f  dnd on  Sable I s l a n d  32n4, T - l j  
haddock i s  reidtjvo1y at)all&r;t. ';'-I t i i ~ s -  
s ta t ions .  S l " i  gepeiip V: i s  ~:~rxortraTel"l  b:: i:ir 
Bay of Fzqdy and on 9able !$land Sank, dn< j  ? r 
; h a ~ a ~ t e ~ i ~ ( ? " i y  reiat<v;;ly acuficai?; ;eil-;.artal: , 
wi nrer- skate ,  lori.;iiou.n, -cri nle r  f-aireder, s?,; 
raven, ocean p::trt, thorn;{ skate l i n i  t e  
iiaKe. 



Fig. 90- T I ? ~  s i t e  iiendroqr.an, f a i i  1$EO, y i l c  ;eqaence of s i t e s  (top to bottom! i n  the dendrngraiu i s  w e  
s a w  ;as from ? e f t  t o  r i g h t  i n  F i g u r e  9%. 
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Fig. 91. The species dendroqraa, f31 l  198~. 
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F i g .  94. The d i s t r i b u t i o n  of s i t e  groups i n  d i sc r iminan t  space, fa1 l 19EXI, The SY'TZ;POIS and  number/ 
l e t t e r  codes correspond to  those i n  Figure 92, The overprint table gives the coordinates I H P ,  VP) a n d  
i d e n t i t y  o f  h f d d e n  ( =  overprinted) s i t e s ,  The vector diagram summarizes the configuration of the 
environmental var iables  re la t ive  t o  the f i r s t  two discriminant axes. 



Fig. ,  95- The sr t e  dendrogram, "31 I 1981. T h e  sequence o f  s ~ t e s  ( t o ~  t o  bo t tom? ~ r r  t he  oeodrcgran 3s the  
s a w  as From l e F t  t o  r i g h t  nn F:gure 97. 
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F l g .  96. The species dendrogram, fa1 l 1981, 







4x151 
M I  O V E R P R I N T E D  S l R E C L S  

F: i g ,  35;. The d i s t r i b u t i o n  of  s i t e  qroups i n  b i s c r j a i n a n t  spiice, f a l l  1981, The symbols rnC" 9~n!163.;./ 

l e t t e r  cgdes correspond t o  those I n  Figsre  97. Th? o v e r p r i n t  t ab le  gives the cnordinatfs  (HP, V " )  d n d  
i d e n t i t y  of n idden ( =  o.\ierprjn",d) s j t es . ,  Th? vecerir diayrain sunimarizes " te  conf";urd"Lj~n 0f the 
e n v j  rcfimenta1 v a r i a b l e s  r e ' l a t i v e  to the f i r s t  two d i  scr i rninal t  axes. 



Lrodps o f  species with s i n i l a r  d i s t r ibu  
t : c l s  dcross s i t e s  a r e  showfi i n  the species  - dendrogram (Figure j b i  and tne tuda-day table  
(1-igl~re 971, The spa t ia l  di.;tributior: of 
cpecles groups can be eslimzted by comparing cqe 
two-day tao le  to the map OF s i t e  groups on the 
Scotian She1 f (Fig!:rr 981. 

-he imjer s i t e  g r i i b p s  o ic ipy  d i  szl 'nct areas 
uf the Cfscrirninsnt space (Table 25, F ig t i r e  391, 
alt21oigh them i s  some overlap between groups., 
The f i r s t  two discriminant axes accsunt fo r  most 
o f  tk~e variabi 1 i ty , acd su~sequent  axes p r w i  de 
ria f u r t n e r  sepir-ation" Major s i t e  group 1 
occ~ipies  the r igh t  half of t he  discriminant 
space, characterizeci by intermediate "c grea t  
depth,  predoninaritly intermedl'ate "ieinpfrat?~re 
and h i g h  s a l i n i t y ,  a x !  sediments t h a t  a re  srsal l 
t~ intermediate s.izedi 5iit c o n s i ~ t e n t l y  poor-ly 
sor ted ,  :4ajor s i t e  grodp I 1  is  a l so  to the 
r i g h t  along axjs  2, but i s  notas widely spreaij 
along a x i s  % as i s  g r o u p  I .  These s t a t i o n s  a r e  
scnaracter;zed by intermediate t o g r e a t  depth, 
?nter:nedldte temaerature, and h i g h  sal  i ~ i t y ~  2nd 
t"l s a w  t j p e  of sediment as g c o ~ p  1 ,  The 
stat-ions i n  s i t e  g r ~ u p  ;V a r e  typ ica l ly  a t  
sna?low depen, w i t h  very low tenlperature, 
intermediate sa?ini"cy, and sediments t h a t a r e  
c!xtre'i.?e7y. large grained a.id we1 1 sorted,  S i t e  
grsup V overlaps groups 1,  11, and !Y. It i s  
charac te r ized  5y predorn f nantly sha! low depth, an 
extreme range o f  temperature, jntermediate 
; a ? i n i t y ,  and very large grained, we1 1 sorted 
sediiner~ts. S t a t i o n s  i n  r ' t e  group "d a r e  a t  the 
shal lowest d e p t h ,  wl; th intermediate t o  h i g h  
Cemp~rature, latermediate sa l i nn i t yS  and 
intermediate s ized,  poor ly  sor ted,  or l a rge  
y r a i  sed ,  well sorted sediments. 

Table 26, Coeff icients  of  separate 
deterrr? nation ( F d l  l 1982 j. 3 e s e  skoui ',kc- 
re1 a t i  ve importance of each variaale  on each 
ax is ,  T h e  Efgenvi i lues show the r e l a t i v e  amounts 
F ~ W U D  reparat'ion accoidntnd f a r  hy each ax is ,  

& SSEDSaRT 
Ei qenval ues 

CLIISS:F!CATIIIY I F  SITES I N T O  SITE %UX; IS  

Tlie d i s t l n c t r ~ e s s  of major s j t e s  grouPs -iii 
edih ;urvcy i s  indicated by the pepcent of s i r e s  
correczly c i 6 s s i f i e d  !Table 2 7 ) .  i t  i s  c lea -  
Ina t  934es a l l  surveys "Lne deepwater s i t e  group 
was r s ~ s t  discrete, with chass i f ica t ion  success 
b e i ~ g  comnonly greater  than 80%. The eastern 
she1 i sSte groups, i n c l u d i n g  the Sdbik? is land 
Eank a rca ,  were next: most disc?-e"ie. 
Class i f i ca tory  success was mst variable f 9 ~  the 
'destern Shelf arid Bay o f  Funby ,  

The dendrograo~s siiswi ris snec-i es grs i io i  ? P 
each r u m i r  survey idrlicdte c:;nsiderahle 
coi-si stency iii ;soup coarpjsi ",or: shrc:ig:, ",i;rre. 
b/opieuer, since group ;truc"-,~re i l o t " ~  chdng"rcc!c; 
year .to year we used cl e fol  jodj 7ig procedure  tc 
a r r i v e  a t  coinplsite o r  averagt- rpeci.2~ groups 
over a i l  summer sur rcy j .  ' !>r e - f c  yea r  ",e 
- >,,cci - 5; denorcgrd~l was subjective: j ;pi i ";;-+- ~ ~ J L . J  

cjroups of ~ r i e  ai. iijcr:: siei,ies, d 'j;-*? , I c-ncc; 
, ~ a s u r e  between p a " i r  3f ~9;"';jc~ ads 
c j i cu la ted  2s 1 minus rhe p~-opr:i;"r sf y+i r - i  ~n 
which tne species occyrr-ed i n  =?it? sari~e grcnp 
(Tables 28, 29:. Tk i ;  di;rdqce ma:.-ix was 

Cefini t ioi i  of s p r c l ~ ~ s  yrj i :?c,  : i ;  Fjgocc: 3 0  
i s  *gain suz jec t<ve*  F ig f i t  n f  tpe species  ~er6 .  
j!idged as be ing in  a gri;ug nf the! r own, ':"ire 
,ere Pire pa i r s ,  9- ~ i ~ i c i i  !;dl f b ~ ~ : - ~ d ~ d r , ~ : ~  & G J  

;piny d~gfish-pol;oc:: 3t~e-i' tqe ;es;"r,";rc.rigl,j 
s s o c i a t e - i ,  The remainins 13 snec le j  1:arfi;rl se.3 
th ree  y o t i p s .  

* ' .  [he  o b j e c t i  re of rhe ";jfi 'd;,>.~ acdii , : lz , - 75, 

to d j  s;jlaji r e l a t i v e  ~i js j t ! ; :~;  3:: tn; 
species ,  asd the r ~ a r i e s  a?- - ri.+~:p, < . z ~ i ~ e r !  i n  
prevf ous sec t ion ,  I r  t8"ie ?;jji rc:jqpn:j? 5 ; ? 3 i e ~  

- .  defjned by the dist:ri-nifi;irt ~ r i z l y ; ~ ; .  >- , ?ce  
weighted 4 i  scrjrni nand s p d c ~  j j ~~f;z:i-l~:"'l.c fr.0!- 
the e n ~ j  ron!aenbj .id.-i &>;e:-s, t)?.? rf i 2 t - i  ,.- r ~ :  

abundances GF specres i;"xalio;-s +I C:K 
d"i scrjmi fis:)t s-,a.cs 3; x~c ;' ?-oprrsent2ei,-q 3: 
the-; r res; iect i re  ramges of i.37 1 ~i) l l ' ?2 i ;~- l -  

talersnce; or ;;referenpes. ~ t ; g f i d ~ - a i z " ; i - ~  

abundance of 2ach species a t  each :i" can >e 
displayed, j u s t  as 4Eth the s t a f i d a r 5 < r &  g a l  iAr; 
cf the sn.di roni~~ecta; v a r i d b 1 ~ ~  {Fjsdr;  E Q  
Cgiq,:ri sor; of ti;. r e ?  3d;i  ve pla:; ~c*ec2 of ;;1+',; 0" ' . - %. a 

pesk abunnances froxi ye2r cs yeor a ;  I I t - c i s  
lna ica te  "tmpora? shifts i n  en:: c ~ ~ ~ n s j t a j  
preference. 

j.ie : ; randarjpd di)'.'d,;;)'.cj ;i %';I; 
importan?; indjv4il::al speciss 3"; :,gecjes ,j:.s::;'\ 
in  1.370 are  shijwn j< F.lg!,:r.?~, ljl a n d  102. The 

. ' placem~rrz of each 5 jte i n  i i i p  s!:.,,;mri.;l;int jjin::e 
cot-responds exzct ly t:7 t h a t  i n  the anaiy!#i:: o f  
s i t e  grotlas f r m  t h e  s2lnmer o f  19?C iFi{!tar-e2 13 . 
Cod, r;la"e, and  hatjdojck c:cl)r- 31 sj",:s wr r n  3 
rcuctl d;i der range ~f erlv? ronir~nt".,: vat-: ;::;?el: i h r l  
do s i l v e r  hake, ye? jo~r:s i l ,  3r:d pci'ioct !F lgJCe  
,. iC1). Cod, p13ice, dq3 adddoci 33p3r . . .  . re1at iveiy m r e  QgIerdpt var?dc:siI 7.:  

r.ir;?i;eraP,ure -:hen variat jon in o e > b  ;;r 
sediisent character-i s t i c s .  Tne i v  zmei !;! 

naxirndrn dniin."ance i n  tne discrirninarhspaci; 3 f r .  
e l  o n g a t n d  a? ong t h e  aenpe-atcw gradi enr ,  bcr 
a re  nuch narrower a?or;g tile 5gr'fj';:nt; ef 3es:: 

- .  .. . and sediment shnrdcter i  s ~ f c s .  i i m 7  131.. ; nferoncc:: 
cilii be developed a n o u t t h e  eenv~rcci.eota^; r-inge; 
of the 5;eecies grai ips si;o~+ri i r  Ficrure ?52. Each 
species group occuuies a d-Iscrete porz ion  nT' tlse 
8; ~ r , r . l ; l ~  . " ~? /q t ;  space, < b r a ~ > ? r j z s d  ;y ~ a r t i c u ? a r  



r a o l e  2 7 .  The percent  success i n  c : a s s i + y i n . j  s ~ t e s  i n t o  i r .  !;or s i t e  :)roijps ? n  eacr; siirvey, P ~ T C C O L  ct-8ri.t-cl 
c l a s s i f i c a t i o i i  i s  above t he / ,  nuinber of s i t e s  i r ,  the grou;; js SC!OM the/, L e t t e r  cades fo r ,  groiip : . jpes o r  
geographic a r e a s  a r e  a s  f o l l o w s :  0 = deep, E = eastern shr i, F = Bay o f  Ft~nn'y, i. = lob c a t c h ,  = .ic; c.itcn, I = 
S d b i e  ; s idna  ared, and id = v e s t e r n  shel f ,  

o/ 2 j s / s ;  ti? 
i 3 

Sum ne r 
iw7 

o/g 45/26 63/32 
E-F 

S p r i n g  
1981 

F d i  1 0/13 41/17 94/34 55/33 1819 ?5S/32 
N F-W B IS73 W-S D - 



i ab le  28.  The  species  r j r o ~ p  ID nurnDer a;siyiled to eac.h specles i q  i?dCli S~tinilier survey a f t e r  
inspection of the  species  dendrogroni, iiiese group ILi nunbers are ineclnjngfcli b i ich in  si;rveys 
on? y, 

Y F d J '  

Species 80 -r- 
CUCI 7 7 6 9 8 1 2  9 ; l  I 7 9 5 
t ho rny  s ~ a t e  7 9 8 6 8 1 1  9 c i n 9 5 

4 9 plaice 7 9 8 6 8 1 1  i I j 2 
haddock 10 7 6 3 19 12 iO 11 7 4 8 ,5 

w i  " t c h  14 4 12 5 7 11 5 9 1.: 1 2 :: 
:y.hi t e  hake 13 4 13 5 7 3 5 3 9  1 2 i:: 
s j  i vor h a k e  13 4 1 3 2 3 3 5 8 9 4 2  7 
r e d f i s h  14 4 13 5 7 3 5 8 - I I !I 

3 13 2 12 11 i? 9 5 3 7 3 -  ye1 iowia i  l I! 

i onghorrl 3 i3 2 12 li 13 13 5 3 7 13 4 

smooth s k a t e  1 4 9 3 2 5 7 1 1 5 4 8 4 -  7 13 
WOI f f j  sh 7 7 8 6 13 22 9 l i  7 2 9 9 
an51 e r  13 4 13 5 7 3 5 8 9  1 2 13 
pol 1 ock il 5 9 3 c . ,  5 :1 7 S ir i; 
sea raven 3 13 2 14 11 13 13 5 4 8 1 1  
ha1 i b u t  10 8 i l  11 10 i 2  10 11 8 2 8 9 
C U S ~  12 '5 15 2 3 3 6 10 12  3 12 10 
s p j  ny d o g f i  sn il 6 9 4 3 13 13 10 12 2 8 1.6 

4 91 10 5 3 1; 12  5 10 4 11 ocean poiit 
., 
3 

argent ine 12 5 15 2 3 14 6 50 11 'a 12 ;g 
winter skate 3 13 7 12 11 13 12 2 3 7 11 I 
winter f lounder  2 13  2 14 14 13 13 5 4 d 1 '  - A  3 
l o r i g f i n  "lake 15 3 16 7 I 2 4 5 15 4 I j.1 
y r e n a d i  el- 15 3 I6 7 1 2 4  6 1 5  1 I : i i  - - 
:na i led  s c u l p i n  5 9 4 15 i l  9 2 12 12 6 10 i! 
red haice 5 1 2 1 4  2 4 7 2 1 6 4 2  i 
eel pout 16 10 6 8 12 1 14 12 14 3 5 
lance 8 14 6 13 9 8 3 I 1 5 

17 15 17  17 6 1 7 17 2 Vahl 5 eel p o u t  7 d 

barndoor s k a t e  i I 3 16 5 5 5 3 6 9  3 4 
l i t t l e  s k a t e  9 2 1 1 3 1 3  5 1 2  4 2 9 I I 

- - 
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j-:::, t i f i t  ~ r ; b r a t ~ t r ~ i ~ ;  CS, Tnej r  L O J : ~ . S  3f 
,: . a> ,,. t I , ->. :;.,,, .. " i d i ' . I . i : i ~ ~  i 'l She l:j s.;rinl njn3spzce are 
-", .- -,, ., .. ,<. :- ,Y? d i  s r2  trtr t irpiirdburc gr361 en:, 3d2 

-1": ;'.L!' ;2rr:.~~d?r cli)e!j 11?:2 gr?34;7;iti; o f  dejjtij 
cv,c .,ei:is~n";c~;rar;tci-j s i j c s ,  S l r l l  1 a r  11:ferences 
- - - 

-<:i: 7.' ;ev:a! z1;2:: ~ ? a y :  tile f i ; ,~ :  ro.;::~e;;td ranyes 
c z  t l n ~  -r;ec;e-, 5rchi;s 5n:~hfi jfi F j l j ~ : . ~ .  102, Eat:] 
F "  .,,5c7--,s jrcu; !~c ,*LIL:  r ? ~  d ijl s~7re-e 2art jun of t!?e 

i;!s:rj:.:.';."" -,i;~e, cndrac te r i~ec i  cy p a r t j c i l a r  
' l a  :c+:s I.;? +i:,s;;(:rg-:>rg* uo;;.-h, rfd:rpen, s l  z e ,  arm 
c ,_o?'-c:f li : s:i.:I:;;. i c e  ca iue  13: trlis apprciac!? i s  

. +  , ~ s  . ;  - >c i 3 j 5  1n 19%a J 1 ipecj  e5 ' , a n d  specjes 
% r ~ , . ~ , ; ;  ~ r'6?s>lj::s?s s r ~ c j  eri4-s I c a 
,?', rZiior13Ee ~:.ii?.t o f  e : ] y i  rofirwntaj iarrzb!es, 

'G orcer  to iprcrr edsl !) coZip,:?e the 
r ~ - l . ~ ; ~ : j i ' c . i v :  ;S ~ I - C ; ' ~ ~  spec l e s '  eavl ronoentai 
r e + o r a ~ c e s  :-.-:! :ilir -,. ;ed: ,,de calculated ed(:7: ", _ . I _  i' 

5;:~ .I 7 .r.r \fit! y;,.:: j 35 ;rot)p" jzear; jgsi t  ion j p  

: :  5 , :  ; Tne !:)edn p c s ? t j s n  f o r  a  
\;c ; :>i .ti5 - 2 :  i l l  i ?"ld dai the  we? t jhted dvaraye 
s c t ~ l  ,if fie :;:res i n  r;i.!lch ~ h e  species occurs, 
F P ? -  qi:s crie s,;bar-e-.root r ransfom~ed 
d:.?!:.J:r,::L. 3 i  L h +  5L:eCle5, ih i  S ~ i 2 i ; h t i c i  
" i i : r 3  - .  -? ~ c : ~ r "  ~1:::;sld r(?pri?sen': tfra average 
nshj tdt  (>";fie salc1i-5, F; tj1jres :01-it',5 snob 
: > i ? ~ ;  s j . ? ~ ? ~ " :  -7 'n') 5.3;::e species c;roijo a r e  
-.;";5t-;i::':1; ~7:, 9 t~ C Z C i i  i;<he? -(I ;  the 
.;I s..-i:-,?.ract ;i;;,i.. ;nis i s  ncr. sd rpr i s?ng ,  
5 ; s ~ ,  . . . 3p i .c7~5  v#ere ssi , : r ied ts i;r1711ps or! the  
--." , ; n: , <-ac*v-- ,.,, . t~t,11>"5, a d;C :I:-?Cj? 

, ~ - .  ..G ~<. : l r ;  2 1~~ If*>:/ sJs;l; i a r  sulces 
+: ,,I - )2 ,vep<L;  , /arYz[; j  + S S  

ikf an1 t%on  of Stratum Groups 

Tiit? .;3-)5 i h o w ~ i ~ j   PI:^ a r e a l  o ~ s t n b u t i u n  of 
riia;rir s l t e  ;i'uc,;:s 1 1 1  edch surnmer revea; 
~ ~ a t l c e d o i e  C.Oi~.slStei?Cg i n  tne s t r u c t t ~ r e  of i Zte 
(;r*x;)s fro:rr year t o  yea r ,  There liis j e d r  t o  
year , ~ d r r  aa  i 1 i ty , howeier , dad a procedure 
dnd!agoiir to t i ? a t u u &  f o r  species, was used Lo 
aer ive cospos?to s?te .;ro,sps over a i l  susrx:er 
surveys, Tne aredl ~ a j r s  o>ver which the s i t e s  
were aggregated before being input to 3 j e  
yroupjng procedure were the s t r a t a  on w h ~ c n  t h e  
survey sc;:ipiincj d&s:gn was based (Figure 2)- 
Edch stratum i n  edch year was ass:gned a 
favor i te  rnajor s ~ t e  group (Table 301, T h r s  was 
the m i o r  s l c e  group lo ~ h ' i c n  the majority o f  
s ; t e s  in rha t  stratuli? belonged, Ties were 
broken bjl seiectinc; the  s ixe  group OF the f i r s t  
s e t  i n  t h a t  stratbni i n  ttiar: survey. A ais tdnce 
gjieasure ~e tween  each pa i r  of s t r a t a  was 
calculated a s  i minus the proportion a i  yedrs 19 

d:ick these s t r a t a  Iidd %he same favor i te  riiajor 
s j t e  g r a p  (Table 311, i h t s  d3stdnc.e m a t r h  was 
Chen clusiered usjng tile group avcrase sor t ln ( j  

-, s t ra tegy ,  ine r e s ~ l t a n t  uerdrogrda (Flyure i S b j  
grouvs together s t r a t a  w h i c h  a re  s i % ? l a r  i n  
reqard t o  how often t b e y  shared ti!e sac~e rf,ajcr 
s i t e  group, 

The grodpirlgs of s t r a t a  i n  F ~ g u r e  i b h  &re 
soir~ewhai: rearranged t o  b r i n y  s t r a t a  ~ f i ? c h  were 
yesgrapizicaiiy c lose  5nto the same sjroups, Th:s 
ivas done only wher refereiice t o  the  ~ f i t e r -  
straturn distance matrjx Taibie 3 ; j  jiidjcated 
t h a t  i t  was reasonable to do  so, Ir! several 
Lases cne i n i t i a l  a i ioca t jon  of a stratdm t o  a 
group of geographically d i s t s n t  s t r a t a  ra tner  
chdn  to a group ot neigirbourj'lq s t r a t a  Mas ijasea 
0:; anal l  d j  f terences ? P  inter-st!-di:urn d lstilncci, 

l h i  ?:ae~ stratum yra i ips  .were defjned 
{ F i ~ u r e  i 0 1 ; ,  iach seratom groub $das 
cnaracter ised by a d i s t i n c t  species assecrolayc; 
( T 6 0 1 @  ","' "L ii,. irier? were too Few s(irvcys 1:i 
c;i"iw rsi;t-l" or  fal  I f o r  t n i s  approaich t:: 
u e i i v i n q  co i ; ip~s i  r;e groups to be a p p i  iiabib, 

Cl usterang ot  Stratum Groups i nro StrattmsJYear 
&otups 

The species aod  t h e  strar;im groups for  d l 1  

sLir;imer ~ u r v e y a  were clustered (Figures 198, 
!09j, Stt-atui: groups were consis tent iy hign::, 
si!:ii l a ?  trr:juyh time, a s  ev~denceo by the f a ~ t  
t n a t  the  same szrdr1i;n g r o ~ ~ p s  i n  siictesslve yenrs 
were :~siieiiji  grouped ail tne deitdrograrit (Figure 
108). This i s  expec~el I;, t r u e  of i:rie East 
h n k s ,  NE ;?+xed, kest U a n ~ s ,  Soutn Fundj, Xesr 
Fundy, Sas'n;, Snslf Slope ,  and Cdbor Slope 
stra",r~::; grxips,  {he -;roiips of species ;.+rjicll 

L 3 * .  - , ,, ,cs,  :he s + e c ? e ~ '  ~ ~ e i s h t c d  ?lean posi t ions In discri:?ir ant  Space dbring suiiimers 1'970-liiBl., TIP codes a r e  
.I$ f c , i  j r _ : i ~ :  ;-I) : :'ii;,,ler; iir = arge!?",ine; a n  = barndoer sltal;L;; [,o = Ccd; 23 = c ! ~ s r , ;  Ep = eeipouts;  $r = 
, i . - . l d . ; ~ e - ;  .:a - i??cdo;;r; iii = mal iout ;  i f  = lunc;fiii niiie; I t .  = lungiiorn j c i l o i ? ;  ? t  = i ~ t e l e  ska-e; Vs = n 8 d l  iei: 
t j  i '". 'r 2 r;<cdri ij '31.c: Pi  = p l a j c s ;  213 s 9011~ck;  Rt = ri-.('l;j~i;; Rh = r'ea hake; hy = ragefi; 9~ = s-;lny 

- , 'T l r t r  >r -: 5 1  j;ier c ~ ! . " ;  (;I : s3pald-gce; (;n, ; snIooe7: s i a t e ;  i r :  = Ll:orf;y i ,si:~te; \Jp = ' d j i l j  ' S  eejp:)!.lt; I.;f = - -' -. 
2 ,  1 : '  ;it:; ,.: = i j ~ i l l ~ r  T:s:~nber;  :jll = whit12 hdke; k!s = iiiriter ~kjP.5; bit = vfitc:; ails i t  = y e j  Il)vd:djj. 









F ig .  104. The specieshweighted man pas1 t i o n s  I ?  d ~ s c s ~ m ~ n a n t  space during s p r a n g  1979-1981 (codes as in 
Figure 103). 



Fig.  105, The specit?si weighted man positions i n  d iscr iminant  space d u r i n g  Pall 1973-1981 (Codes as i n  
F igure 1031, 



106. Dendrcgrm snowing t n e  r e i a t i c i i ; r ~ i p s  ariofig strdti ( F l j - t j r . ~  2 ;  based on d i s t ances  i n  ~ ~ ' c ; ] ~  
3 1 ,  The s t r a t a  a r e  rlirnbered as i n  F i g u r e  2, 



S t r d t u ~  Group Name - 

%;E X i x e d  
Cabct Slope 
i a s c  Ranks 
Gul ly  P l a i n  
Tentral P i d i ~  
Outer P ? d i n  
5heY f S? cpe 
i e s z  Banks 
Basins 
des t  ?'lair$ 
Yarmvuth P l a i n  
Yest Fundy 
South F u n i i j  
Nct Included 

F i g .  i07. Tne sV-.ntc;iii ~ T ~ L I ~ S  Cased on s t ra t j? :  s i n i l a r i t ; ~  %iitlltiri:n suruiire? surveys (F"uri.  lir61 a ~ t i  
geographic proximi ty .  
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" i g .  : 3 R .  Tne s i t e  riendroy-aw show:n9 the re la t jonsh ips  betwee. st;.'itiim groups  rhrough t ime  i t h e  seqwerlce 
of cases iron1 top  to biuetm-1 i s  the sanre as  :iv: sequence f rom l e f t  "c :iclgi?t in Figure I I 9 ) .  The nurnb~c! 
l e t t e r  codes t o  t h e  i i i l f l ied idte r i g h t  3 f  t h e  delidrograr:  serve as  group i d e n t i f i c a t i o n  i r  F i g u r e s  110-114. 
The niifsbers i n  parentheses shw the r~ rnber  o f  y e a r s  in wbici a 2ar"cc" i t i r  s t r a t u i n  groups jz.~. ;lest b a n k s )  
a re  present  ? n  each c lu s t e r  g r o u p  (s t ratum/year  g r o u p ) ,  



restilted TrCIirQ t n ~ s  iicdly51.s ( / ~ q ~ ~ r : "  lU9j 
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T a b l e  3 2 .  T h e  species :miposition i n  the stratum 
i;roups over a l l  sbmlwr iurveys,  1970-1981 (Years = 
nuiher of years i n  which the species  occurred, 
averageitow = average niiirber of individuals per 
t o w ,  

Average/ 
Years Tow Percent 

Cuter P la ins  
.- ~ - 

A v e r a g e r - -  
Swecies 
Ap-..-- 

 yea^ Tow Percent tladdcck 
S-il ver haKe 
Avijent1 ne 
QedFl sh 
P la rce  
Pollock 
Cod 
dhr t e  nake 
Ye9 1 mta-1 
Tnorn j  skate 
C u s k  
HI tch  
Red nake 
Angler 

Redf i sir: 
&hi  te hake 
Haddock 
Cod 
Spiny  doqf i s h  
Thorny skate 
Dlaice 
W i  tch 
Longhorn scupl I' n 
Poi I cck 
Sea raveiz 
S i l v e r  hake 
I : .  
A I  nter flounder 
Ocean p o u t  
SinooPh skate 
L i t t l e  skate  
i 4 l  n t e r  ska te  
Cusk 
Angler 

"j sh 

Ye1 1 & t a l i  
God 
Had dock 
Plaice 
Sarid lance 
,onghorn scul p: n 
Thorny skate 
S i ?  ver hake 
Winter skate 
d i  nter f lounder  
iJi "ccli.r 

South  Fun* 

iizddock 
Cod 
i vrqharn S C ? I ~ P I " ~  
i i  nter f 1 ounder 
$PI  ny i o g f  I sh 
Sea raven 
'"01 lock 
lnorny skate  
' lh  i tt? hake 
2edf-i sn 
Ocearl p o u t  
P l a ~ c e  
N~ tch 
drnter  sKate 
Ye: lswta-1 
d o l f f ~ s r  

HE Mixed 

Pla9ce 
Redf I sn 
"a 
Sand lance 
Thorry skate  
ibj tch 
S ~ U d e r  hake 
Haddock 
Eel pou ts 
Vahl ' s  eel  p o u t  
ye1 i mdta7 7 
A h ~ t e  oaks 
Snoot9 skate  
UoIfFish West Banks 

Haddock 12 91,O 65-7 
S;1.iny d o g f i s h  8 l 8 , 3  13,2 
Cad 12 10,1 7 , 3  
Ye1 1 owtaii 1 2  3 -9  2.9 
do1 F f i  sh L 2 2,8 2,O 
Halibut 12 2.0 i, 5 
Thorny ska te  12 1.8 1-3 
Pla ice  12 1 ,6 1 2 
Longhorn  scul p i  n i 2 1,s 1-1 
301 1 nck 9 1-3 0-9 

Cabat Slope 

r ledf~ sn 
~ h r  t e  hake 
'ii7 tcb 
Longfln nake 
Cod 
Gpenad;er 
P1a-ic.e 
Thorp;, skate 

Central P la in  Shelf Slope 

b d d f  i s h  
S i lver  hake 
Haddock 
" la i c e  
Pol'locr 
ki'i tch 
#h i  t e  nake 
Arge i r t i  ne 
2ed hake 

%edfi si? 
L o n g f i n  hake 
S i l v e r  hake 
Argentine 
d h i t e  hake 
Plaice 
Witch 
Thorny skate 
Grenadier 



~ . . . ... 
~ v e r a g j  

Species Years Tow Perceni 

Shelf Slope j ' o n t ~ n u e d )  

Cod 14 2.4 i -0 
5 ~ ~ 0 t h  s k d t e  9 1.6 ' i , 6  

Basins 

S e c l i l  s i i  
S i l v e r   ha^^ 
Ah I t e  hake 
51s: 9 d d g f l  S i i  

Frgeirti ne 
Plaice 
p o l  irick 
d l  tcn 
Thorny skate 
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Fig, i l l ,  Tkie dr s t r ~ b o t l o n  o f  s t r a t u n j j e a r  groups i n  dr scritnl-iart smce d e f ~ n e d  by dr s c r r f i r n d n z  a x e s  1 
a n d  2, The nunberiletter codes correspond t o  those r n  i ~ g u r e  l l 0 ,  
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Flg. 112. The d r s r r l b u t r a ~  o f  strat.im/y.ear groups  I n  d : s c r ~ n ~ q a n t  space def~ned of i l i s c r ~ r n ~ n a n t  axes 1 
dnd J .  The nuniberiletrer codss correspond to tnose i n  Figure  110, 



~ f i s e p a r l c e c  I n  tne  c l sc r1 : ' ina~t  space creiited by 
t he  f r r s t  th ree  axes, 

r , ~ : e  34, Ci;eif ic?o?ts  o f  cepdrilte 
deteri:!izrltro% Tntise illovd the r e l a t ;  iie 
:~:!pert-;nt,e eF edcn ra r rdo le  on each axis .  i h e  
el yefivallies show rne r e i a i ~ v e  dniaurts of group 
separi?zion acco~ii:ted for  by r-ach ax i s ,  

- 
O i  scriil~i cant axes 

-,, SkJSARE 5 4.1 4 4 29-8 
6, Sf350t<I 13.6 13-6  16,h ll,l 

-77 11 qenvd2 ues 6-1 1-4 0-6 b,s 
Percent 3f iiriiup 

~ e p a r a t l  on 7 16-6 5-9 3 - 4  

SLraturn/year groups sucn as  Cabor S i p e ,  
5ni.I-i Siope, Basins, East Baiiks, and NE b<";iec 
!lad tr:e most dl s t i n c i  asse-i~blayes of species 
(tbm-way tab?  e )  , and a1  so oocupl ed t h e  s ~ o s t  
disr i r lc t  areas  of the  djscr lcinar! t  space, She 
",boot Slope stratun/yi?ar group i s  character i  zec! 
by r e i d t i . ~ e l y  g r e a t d e p t h ,  interifiediate 
t e i i ~ p e r e t u r e ~  i:itemiediate t o  t l i g h  s a i i n j  tji) r)nd 
sinr!i sediments, 1. re la t ion  t o  the C a k t  Slope 
5rcup, t h e  other  deep groups, the  S h e l f  S iope  
and tjdsii!~ groups, i i e  along gradients  o f  
s i  %;ht;y decreasin9 depth, Increasing 
te~i~perat i i re ,  and i rcreasing s a l i n i t y ,  with no 
crianijn I n  sedinient s i r e ,  The East Banks cjroup 
I :  : n  dn area o f  the space virth t h e  shallowest 
ae;;th, low temperature, and l ow s a l i n i t y ,  witn 
the iarcjest,  most poorly sorted s e d ~ n e n c s ,  Tine 
FiC [ , i~xec!  group has shai loij t o  interqediaxe 
aeptn,  low tcimperature, low t o  jntermedidtis 
i d 1  i ni ty, and ? nter ledr  a t e  sizetl and sorted 
sed~menrs,  Env? ror~rrenta; {jaramenters k i  tnin 
t:iese groi~gs a r e  r e l a t i v e l y  s t a b l e ,  

I a ~ i c  25, bepi?rae!on 0: stratbnrlyear groups 
i r ,  the er;L"ironnie~tal space def7ined oy axes I t c  
3 !I$ t5e b/2L,* 

t 3 ~ t  Bdnxs I. 0 separate  on axes I D 3 
tiilIly I)lia~n 2 b 
I;"""; i.. .. , ned 3 @ 
dest ilanxs 4 i -  5 
Sou:; F , : n l j  3 8 
vlesr Fi,ndy 6 & i l k 3 3  
.{I .,-,- . <  fu.dstf~ Pialri 7 i ) t j @ @ i j O  

9 : ~ c e r  P i a ~ n  @ U O  
Yarifiaot"i21 di i! 9 @ i ) @ @ & @  :i 
>:;st/(fij!ly Plain A 6 + @ a 3 0 ;J 
';entral P l a i n  B 0 @ 8 0 @ 0  9 
'hiLer/l;entral ? i ; l ~ n  C C r 63 9 O Q & 0 
ljdsrls j @ + # @ @ # @ @ & I  

S;;ejf 3 - - - . >  I \>kt .  @ 3 $ & @ Q C 1 ; @ @ 9 @ & 9 i j  
Cdbof 5! OpE F & I & @ O & I $ @ " i i 6 J C d A  

-- i 2 3 4 5 6 7 8 9  

Nost or  t l?e o t k e r  grsii;.s a r e  crowoed :n:o tne 
l e f t  hal t  of a x i s  1, and a re  spread out alon; axis  
2. rhese a re  g;oii;is witn 2; w i d e  r-ange of 
tiJr7i2eratiire, low t o  : ilteriieiii a,e v z i  ues ot ae~jrk 
dild s a i i c i t y ,  a n d  rri-,err~;ed?z:e ro h j y i l  va?bes of 
sedltr;ent s i z e  and seoiiilect scs t iny .  i l i i f i i i ?  t h i s  
retjion, the tiest banits a re  se;~araeed from dl I 

o ther  yr!.l!lps except South I'undy, and Ci?;;",] 21 a!?); 
i s  ivei? separated fr-,:n !fr:i I:J Plains,  XestFar-ddy, 
and Cueer :lains. 

3 separate; s e y e r a '  grodps tila: a v e r ~ a ; ~  
or axes 1 and 2, West F t i i l i j j  and Sir1 l y  P la in ,  i!;r 
exaiiipie, overlap coiripief-e!y aicns axes 1 arm i yt:' 
a r e  separated coir~p?ete;y by ax j s  3, They havt? 
similar- depth and s a l i n ~ i y ,  b u t  are separatec on 
d x ~  s 3 tj;i 2 coiinbinztllin of  teiqperature, sficiiil:c.?f:: 
s i z e ,  a n d  sediment sor t lng .  

Fiirtaer c lose Insp?ction o f  Table 34 and 
Fi  y r e s  l i i  and I:2 wi I !  ind ica te  khlcn 
combinations ofeenvi roilmema1 vdriables  dre 
iinportant i n  separat ing s t r j t u n ~  gro?ips, The 
two-way t a b l e  (Tdblo 113) can be 11s~:: PO i ? j t : l d ! +  I .! 
eacn g r o u p ' s  scharacter ls t ic  species assec!jiag?, 
and "terl jnfer  the  physical iiabitar, typical  t i ?  

eacn asseinbiage, 

Pr-nncr pal Coordinates Malysss o f  Stratunl/Year 
Groups Through Time 

The purpose of t h i s  analysis  1s :o cetof-r:3nt 
i f  the re  i i  any major discrepancy oetweec i t  aw? 
t h e  discrriilndnt a n a l y s ? ~  presented i n  t h e  
previeiis section, i n  prir?c'ipill cocjrdirdees 
a n a i l s i s  (PC3ORD) t h e  dxes o f  toe  ordlnatron sph-e 
a re  define:d by the spec les rdther  inac t a r  
envi  snniner~tal var iables  as : n  t h e  dlscrih-i ran t  
ana lys i s ,  

Tlie propor t ion 05 the  tol:di varlaijr 1 i t j  :: 

"ine i ster-sainple cli s tance r n a t r ~ ; ~  * A  wrfich j s  
accounted for by the  f i r s t  f i v e  axes i s  shcwfi i n  
Tab le  3b, The a i s t r io l ie icns  of strair,ir:/:iea; 
qroaps in t h e  s[!aci? de f ined  sy t ? e  f i r s t  t i iree 
axes aro shown in Figures li? and 1:4. iack 
paint ccrrespcnas t o  a s t  n g l  e s t r a t u ~ j j e ~ ~ r  g ro ,~ ;  
and t9e synrnnis i r e  the sai:~e 3s iiien i n  tn? 
discriiojriant ana iys j s ,  :hi... ;:nsition sf f a i h  

strdtulanr yetir group I n  rlre pr incical  c i i ~ r d s  ndte 
space deplctec! i s  cie3erairned by '; Ls  sca ies  3.: 
axes :. io 3, 

Table 56, Principal coordinates  analysis  0: 
stratur: grcups through t i n e ,  

The degree of s:?parat-i3n acn~evetl Tor I,;?S t-3 

07 s t r a t u a  groups on the  f i r s t  three axes r :  
shown ? l i  T a b l e  37, G"05 possibie  con:b?ili?t?or?s 
85 a r e  sepdi-;?if? oil d X C i  1 a n d  2, aind i d  :IF ti?? 
r?maining 2E a r e  separated on dx?s 1 a n d  3. 
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F i g .  113, ?he d i s t r i b i r t i o n  of straturn/year g r o i i o s  I n  pr incisal  coordinate space defir i"  by ax?s I ail:! i7 
The n u m b e r / l e t t e ~  codes correspond t o  those i n  Figure IIG, 



1 4 The  d i s f r i b u t i e n  o f  5trdturnjjear groups  i n  s r i n c l p a ]  c o c r d ~ n a t e  space &";i.ied by sxes i a n d  ;. 
The numberiletter codes correspond t o  t h o s e  i n  Figure 110. 



r , .  ., t L.13araii o f  stra~il!:i 1 5 . 1 ~  "~To>: , s  1 0  

t c r  s;,aces ue-1ceO3y dxes i-j of the  prii:~jpz: 
C0Ofdirliitc.S ar:.l j ; /si  3. 

7% i =ri3!ip 
Pas t  3 a r l E -  ? + separate  on axes 182 
6 u . j ; ~  ? ]d in  2 ! 0 separate  on axc.s LA3 
" , ,  > 

.$:. adi xed 3 S 
:lest rinks n g  @ 

South Fundy 5 0 ; j o  
hest F i~ndy  j y ; 0 9  
Y ~ . ~ ? ~ ~ ~ I I J X ~  2 1 d I 7 7 @ i / $ C i $  
b i ~ ~ e r  P: ,3 i  P 4 g t + @ @ & G  
Yarwuth D!a?n 5 a g 9 e @ g T  
Wesr/Gully ? ! i ? n  : 9 i + + @ 8 C C 
Cfentrs i  p :d : f ;  g g j Q + a @ @ ; l i @ C C  
I;~~t:?r;i;er~t;aj r " i a ? n  5 ;h 8 6 9 8 @ 8 &? g + 
'jailiris ; ~ @ @ ~ @ @ @ ~ # ~ ~ ~ ]  
She; l S:ooe E 8 a @ @ Q D @ @ C Q r ] t t j  

Tire d: sz r ibu t~c jn  of stratum groups i r :  
;:r,i*rci?a! coor&nci!,e space as s t r i k i n g l y  s i rn~Iz:  
t o  tnei r ar s c r i b o c l w  3fi ~4elg"led discriminant 
-;;ace (Figures 111-ll4). O r  ax is  1 I n  p~i r i i . ip+l  
coo,- , t lna~e spzce tne slopes and basins were we! !  
sepj'ateei: froz: the OanRs, C s s ~ o "  the 

separ3t:on w i i k ~ n  these two group types occurrec 
on axes 2 an0  3, The Bay o r  Fcndy stratgm 
cjrotaps sejj.<Tl;tciti Inos:: is f i  axes one diid three, 
These grc;ups viere a i so  c!csr t o  9r o v e r l a p p l n ~  
tne  i;lnxr on axes I and 2 Sue viere l a r g e l y  
sepd'ated an ax i s  3, The l e a s t  cohesive g r u q s  
were comprised of seracum yrcups a"Linter.i.ediatii 
deptns, the p la ins .  

The cn.41 ron;ne?it~l ;rdai e n t i  I fi am:; 
p r i n c i p a l  coo-6:ndtes and discriminant spdce are  
s?r;rilar to eacrr o t h e r ,  dnd t o  these observed i n  
i n a i  v l  dual sbrveys, 

TW pi?r-ifliar; ob,jectlvi?s of t t i i s  s t u d y  were 
t o  erpioi'e ine s p a t i e 1  ? a t t e r n s  o f g l r o i i ~ d f i s h  
species  and groups o f  sper-jes on the  Scotl?rr 
She; f azd j f i  rhe Ba, of Fvi~dy, Ine t w o  majr,r 
pdrcs ili ti115 s t t idl  address cnese aojecr-ives 
froa o i f i e r e n t  diewpcints, Ir t h e  f i r s t  part 
tne seGdrate on3iys15  of each sc;rve,j a:lcws t f i e  
FI fiest sca le  resol i , t l  or: o f  pa t te rns  o f  speci PS 
d i  5:s: b u t  ion  dnd efivr ronnentai var iables  ~dnicn 
.is coss-ibio give:? t"; c a c r p l i n g  aesign sod s e a r ,  
A ; rc l in ; inary  assess;;~rri: cf how coi;sisf,eri:t trlcsti 
: iatterns ;Ere rroii ;?ar t o  y e a r  was made uy l i d &  

1-4 co~rparir~q tiles.. r~.si;'lC; fr();n stipivey xo 
, - ,  ... rvey, Tile zeconu nrdj?;  par t  a t t e r n ~ t s  t 3  

daciress tnt ;ji:eitlon ?f iernticiral consist,i_i?icy cr  
constancy !:ore d i  rec t iy  bi ie  loses spat :a1 
r"soli~f.ior as  ,3 r i?si i? t ,  he a r e  avdare Lhai i r :  

d$'Si'egdtl" :,SS;LeS Wltkln i i e p ~ h  s b d h  zve i:ey 
r:ave c u t  dCioSi 65~1:1:13!age boundarjes wjtii t l ?  
i.f:ect OF n i ~ r r i n g  I.,?? ra?;ura] spa t id l  ~ ; 1 a t T . ~ r " ~ ,  
!n the fo? l o w i n g  aiscussions we wil j draw on t h e  
r e s ~ l t s  firoi;l socn i.,arf_s as appropriate ,  

7,  i ne  i i t r i r r e l : t i ~ r ~ ~ r ~ i p s  3i;itjr.g tne phys~ca l  
~ d r : a b i e s  dre d e v i t j e n i  F ~ O I T I  tne o i sc r in inan t  
,,. 'Vr '  ,<,el , I ,  I en55 a:?o s!.irr,izry tiiagrarns i n  
ciscrrmind-t space 5 r  fdcii slirdey and the 

7' f.:;e :;t m?xee orec: teri;?r;-.~-$~s a-$2 
. - a s ,  

s l i r i i  ; a r  L; tncse an the  :i?;;alicr:ng b i i?ks  2,: 
> .  53:ls7:j h ignc r  ds WG,:::~ cl.x;ec:i;e L\~i;,f: T(; 

-. ~,ie b j re jrcr-  d ~ ~ t i j ~  i)ther a;eas a!: s : : r l~ior ,  
ifltemii2..?ja:.e Je, t?s ,  a ;  1 t i ;  b r : 5 t ,  .:y s,ii':;zi 
3rd 'for th:. : j~cst  pi;r":orp s a ]  j;ae ~ 3 ;  :.Jc 
frf'i;e.: area,  7 j - i ~  rsf:s-:s crie j " ; : ! , , . ,  o f  
slops! r a t e r  over  ?k ri?::!u?i- ;'r th eoe;  i, 

1 1  OF*eS?E!:- ?;ijSi?TC,, 5 !i;i19S 3 a 5 ; : ~ 5 ~  

coo1 es; teiilderat!:-es d r e  enc:?unrrirc.j 7 rT 
Laurec;; a!. cj'dme 1 , prob6rji?, . i ~ ~ j  p S j  zr; :,is: 

i c f l s e n c ?  a+ tn- ; d ~ j r b ( ! ~ r  c~r rc . r :< ,  :hi; 
1.6:~ rep" .. ' , d n  s lope ,  :ne ;ili.i ";qlj,2 ,--a c.1 :35:i-,., 

1 i e  a?cns  d cjrddieii: cf  jncre:i.;jc, tl;ifiperd:lll.s 
ana 56: j n; zy ,  ai73j decre.31; . Ins  rje-,l;:, 

k : + y ; a j ~  d r j ~ ; j ~ i ~ ~  ' 2 ;  r r : ~ e ; r ~ : >  ,-'.,..' 
*Ll ' i . . . -  -I* 1 CIIrY(I-js " l i l - i  \.,, ;J-i"::,; ' - - ? ' ,  "" ",he iC;:.:di >;-j f 

t3at,c d -  ii:;,:i;C L ] ( : Z : I J  :r,a< %: ls l r j i ;uc;?n 3: 5: ;-os 
." I >  toy- rdncCr1 v.rf tn rcgaj-j ;(> ';fie ??'J j r;,:,": --. - 1  
i a r - ; a s i e s  used jc ;nj? 5;:ay ji~~*,: ;?;<zd, 
b Tnese a n j : j s e h  :.~$:-e c-rr re,. ',L~';: .:> 
b-: si)?;? 2s ;?no v;.;labI e !:y . i a r j  an:?:., mc.-, ,>2 ;; 
d ~ f f ~ c ~ i  t to s e p g r d t ~ ~  ~ h r  r r j a t j  ve e f  r , f  

the v a r i a b l e s  ifi di.Wri3inir.g spec:es'  d;.tr - 
ouf_ici;s. A i  thougn, we cjrr no t  attemp: a 
disc r in :  car.: a n j j y s i s  a:.;ong s e c ~ e ;  n, r rp  
e l i d  runp.r:~l vdrjabie~, the iFecri2.s i .c;ct i  c;;i- 

Si'i:GS t~ t hese  v d r i a s i e j  e r e  c l e a r  Span t K e .  

p i 9 t ~  G? itanddrdiz::o dc*.~r:;!dnc;s. jna  s i , p ~ ~ : : $  

l i i c ldR$  i n  oiscrjijri-idnt .spa:? "or eacn year 
( F i g a r e  ;6'&1:)5; ai3d , j s ~ e -  21 1 .years ( F i  :,J;-~. 



Ir, L:,l",aria\ y i l i ; ,  cisiptil was c o n s i ~ t t . r ? i ? , j  
a s  jot j atc.6 A:  tfi ;̂I]? grea tes t  (jrnporti  oil a: 

- ,  eac!ol~.j(-al i -- c?z:;ge. i n i s  hds n i  S O  oiieri o:istrvea 
I)y ~ i ? , ~ t ' r z j  ;revlobs sttSd!es ?fdt?-llnersal f i shes  
(e,cj, iager  ana _origf,i:rsr 1358, ilay and Pearcy 
196i ! ,  Kenr~er c?: a l ,  :9YC, Yaedrick 1980, 
i:,vernolrr 1383,-:7 ir:ost ~ I I S ~ ~ I I C ~ S  the re  *re a 
variety of f d ~ t a r i  as;o~.i6teci with d e p t h ,  fo r  
c:ita:;,pl e 1 i i ; h t ,  sz1 l n i t y y ,  t:isoulecr,e, setlinien: 
t y ; ~ o  and  presstire, idhi ch colJjd ca-,se b j  01 '3cj.j cs! 
chi?i?(;e. I n  ?I:?- st2d.j a red ,  seairne'l: p a r t i c l e  
i i z e  and sd::nity a r e  assuciaeed w i t h  d e p t n  
&,#iric;~ I t se :  i ceuici stand f9r  severai UQmedibr-eC 
rircl-or.. ie~i;per; th re ,  wnose reidtiansni:,  ts 
dipin : s iicnriinrictni?? c ,  enlerses as  a1 so be-i r , ~  
assncidced w r t h  a subs tan t ia l  proportion of  
o5oI:)gical chsil!;e, 

i l i c  czn seldoi~i draw firm conclusions :bout 
s;,ecies ~ n t e r d c t i o n s  by l o o k i n g  a t  t h e i r  J o l i i c  
I:: s t r : !  sueio:ia? pat:",erns. Thr naira problem w i t i r  
rfiter;ret;lg c - r s t r ibu t ians  i s  d ~ s t l n i j c i s h ~ n g  tnii 
.rffi-ets of soecies  in te rdc t ions  froin those o i  
the abrot:c ervisonment, :however, scme "r-lei- 
- .  .icns about l i k e i y  interact ions wortn exp ior i lg  
can oe eb ta~oe- !  i ?  t h i s  woy, The sunnier i s  
iit:ely r; be a period o f  intensive feedj i rg for  
~.iost demersai f r s n e s ,  therefore any e f f e c t s  ;f 
feedjriq in te rac t ions  iii. d;s r r iou t ian  shoirli: ae 
raost v i . i ~ b i e  3 i  t 7 5  t i ire,  

iL , , i t? t.wo !:ldi;l types ;if I c:terec;jans i r e  

preddzor-prey drna c~rnpet i ti on, i n  zce case of 
,~redetor-,;rey re?at iunsni i ;s  tnere  s h o u l d  be 
c~in.itderabie overlap ! n  a ; s t r i b n l i o n ,  In tne 
case O F  cong?etitiofi, dis t r ibi i t iof is  s h o ~ l d  be 
complcmentzry ( o r  reciprocal ) ,  However, soirie 
in;oiint of averla;? i s  eo he expected a t  t h e  eages 
of t Q e  d l i t r i b t ; t l c n s ,  

:ne st~rily ared ;i sl i f f ;~?en; i :p .  l a rge  ar?a 
liet?rnijen.ius f . ~ r  the re  t 6  be complete segrega- 
i.ioi; ariun- marl p a i r s  o r  species ,  iiowever, the 
";i.;o-i.day :dales from jntl;vidiiai s-;r\ieys sk~)w rhac 
t h i ?  i s  sc1:roi: ine case excep?. a t  the  ex"cren;es 
a f  "iie deptk gra:?iene, Fcr example i c n g f i n  i'li;te 
acd grcnad.ier ra re iy  e r~co~ln te r  ~ $ 1  iowtai: 
ii oundcr , l onjhorn scui p i n  or sea raven, 
Cosseqiient iy , tne  piissi bl; l i ty o f  i nteraczi r;n 
r:iq:;cr DC. el ir,ated f o r  ;.any s,?e; ies pdj r ~ ,  

- .  
I ne r 16,e: I nood o f  in te rac t ;  or, bet9;een t rk  

. IC: ,--- sers  i;? s ? j  ;,dl.. :iist be evaluated wicii 
referent.. tilei r 3 i o j ~ c ; y ,  C] o ~ e i y  r e l i t & ,  o r  
a t  ! f a s t  norph~1og:ca l iy  s i in~ :  a r ,  s ~ e c i e s  6r:" 
irie ;;osz I lkel;i c a n n i d a ~ e s  "ir ccnipe~izive 
7 r i teract i o:1s. One ei;a';'pi e of coripl einontai-y Lo? 
overlapp+ng d : s t r i S u t i o ~ s  1 5  i n e  species  561 r 
y e ] ?  uwtai i arld wiriter f l  (;under, 'il;ese two 
f l a t f ?  snes occ t~r  I n  t3e  same spec1 es croup 
rridi cdt ":I.; :hat "_r;. frf--er;tly occur toge"iie7, 
rze tvto wdy t ab les  f c r  each si;rv;ly s i~gges t  tndt  
v r l ; e ~  one 1s abundant r .hs  o tner  i s  ?lilt, Tn?s is 
evicier~t illso i n  Figtire 110, )#h~ch  indicate; t?az 
]el 1 owed: i does riesr or, t h e  bdni(s, where:s 
winter-  floirnder dces nest i r  the  bay o f  
a n d  off SW riova Scot ia ,  Figures 1C3 t o  105 
1nc9,caa~ shac tne  species inhani t  sirnlliir s q t h s  

I:,t {:are3 t l o : ;  the l?abi  ',it, a 1 oris ti:<! Cef?;ltir;t_ui-t* 
gi-icli  e n t ,  wr "; v;in"_ri. 7 :uunder ore:!orrirr;r, i~ :i 
sarrier v d a ~ i ' . ? ~ ,  T i e  Ldxomr;ii c af i r i ,  cor!s?c;iren':ly 
norphal dcjrc3l  S ? J I  1 l r r  ty of the5e ~ ? ~ ? c i r s  wo;.id 
rqake ti~e::, l i k d j  crj~:!jie~:? ;ti's, ito!iiacn csnreri: 
i;ztai (Lapston and Y J W I P ~ ~  j93ij sTi0l.i thdt  S i ? e s ~ c "  . . spec!es fro fd",i$~~: l a r  ..r rxJs s f  grey ergan1 si-ii, 
Po*'ge%~er, tnere  a r e  d i  f fc-ences 1n the  de ia i  1 s {jf 
t h e i r  d-;.r e iz i jc i ;  c a ~ l ' !  3.r di:e I I C I I E ?  L C  
G ~ctr jabcloi i i i i  ? f fc :~f? ! ic r~ : - ' i ,  ,,jy tij 111 ;Ct~re";:e~ ,;. 
j ~ e 3 -  ljlj  ac1,3pta:i ofis C! i j ier eaa;ni nilti orl .;I ',ne 
fa:;a o f  coexisrgi;g ~rr_i i , i~di , i? is  i08:13 i$lr;tinyu:si? 
ber,bqi.,fi t " , c r  e possj i-,j j c j  e s ,  

::, i;neipecee:! r e s u l t  the  associ.ar?oi-r, 
th i - '~~, ] ' i  r a ther  loose,  netween I~cid<oc;: i ? i ~ ~  

halli>r;t. :Ire tws way t ab les  incirca", that  
I ~ Z ~ I D I J Z  zlwajs ccc:trr wcerri tneril a r e  :a:;crjck 
ai;t vice yef-s;l, This 1s s~i;$elj"ti.e of a 
predi tor  -pf ' ry i i l t e r ic t i  sii. 

TSe ~ L E S C I O ~  3 f  c l u s t e r  v a i l i ? i y  : s  a 
d l f f j c i j l t  one (&:oes i n < ;  Ja in ? S i ' l G ; ,  :: 
possible t o  consiuer c!usters  a t  3ny d i ~ t d n c c  
ievel.  :ir z h i s  s t u d y  where i h e  s a f i p l s  i r e  
spati. i l  :y i .c;~rei;ates t h e  c ~ n t i f l t ~ i i ' r ,  15: 3: s ~ t f c e  
1 e ~ e l  s represents  a ccr:zl ql:un spdt I d 7 s . 5 ~ "  G .  

Tqe ~ p d t i 3 1  scdl:" of  i s t e r e s t  * " d i  l i dcpeCC 5" t h e  
(jbjec"l.i-.; s f  tj!.; s:&;rly, 1~ sZ:;dp' #(? " L - 3  

concentrszta on l a r g ~  t o  irlndiviir ecz ie  pa:%i.rcs, 
r e l a t i v e  t o  the sz&y are? ,  Dur pr?nary 
cr?te:-ii-,p, + g r  i,l~~s:.;r t ~ a i  :d: ", 3 s  ::iffr ~ r t z r .  
pj-e;abj 1 i ty  e , g ,  ~4hether ~q coujd "see'$ 
b? 0 1  ;g ;  ti!] d i  f fe rencrs  l:etwi.eii c lus te r .  ; .? ?r?r 

t ~ o - w d . ~  zcb les ,  and how we1 1 the  c'::nster; ! ; ~ i ; d  

oe d r  scri,:rr n d t e r ?  :using enr~runrnerit .~l Yarlas: 25, 

Fa"";ri, ci:;er5es a t  two ji:"-'.;ore?,a;3!e 
5 i d  1 :15, T i i t  larges: sca:e pa t te rn  resui- , i  1 0  a 
dijvi5j0n ai  :he she i f  i r i i o  2 dee,; ?;ares recioi 
?riciadi;-; basins ,  ari ? z ~ P e r f l  reGrnr7 an? i! 

. . 
b/estar-n/Ftnay 3r;, 14, t:;ouyh Fsinc:; reg; 0:; 
i s  ; ; i j n a ~ j  1:) ac,refi-aLed wpl;rfr: c ,  

jt I S  o;cass?nca?iy litore s i n l ~ l a r  to 9:;e San'ls 
I c ; a n d  B-c.~; O? :I12 edsS;c~i; s h e l f ,  t.,%:?n-;ioc ( i f  

dp;jrd;ch t:: a idr l jer  sca le  i..>!;ja r e q u : ? ~  2 

D: o"(]srapr? c -afjsio@r-a:ion c: cnt? r d a t i  ~ 4 5 " :  :j' 

ef tnc  Seatian Shei f  t a  neighborins shejf  
*reas, 

ki, a sriiii ie: sca le  li:i;re was co i s  I s t e n t  
G I  scrifirindtlon nerwecf; b a n k s  are  p l  a l n s  "1 h T p : 7 : ~  - . 
the liirger areal  dni t5 disc;sse:i above, 

,. i i a r l  y tre:-c ar);.rired to :e cons isre*:;. S i - 1 '  
c??sci-<-rindtlon 2c;twee:; tne  e o r t r  west ~ ( r e ~ i .  " f  

tne :3ay o f  F~~'ic;i and tnuje  : I I  the S G U ~ ~ ,  
a<;-oie-:?: tc : I c v ~  j ~ c t l a . ,  In tne  ::pep daciii-,  Lni- 
o-islns, s i  ope o f  t;rq. La;rencjan Chancei :Cdi j . :% 
Sic?.=) 2:la tn i .  s j spc  ;?"he f i- ,se'f  ,-J-i.?rr 
frequent ip d j  5 ~ j  n';b~ha ji 2, 

; i :rns*~sn the  sdrre !jraal spa t?d :  uci i- 
( c ~ f ~ ,  seasrwr, si?eT I-, S a h ?  e-Ciestern ?a:;<.; ,  
tvestr?rf: s h e i f ,  Fi:i;cy; shnried up ;:ear a f t e r  J . - ~ . " r  - -  

I-,  t h l i  ir;div"buai surveys as being r e l a r ?  r e i y  
ncin!~gei:eous silt, i i in years ,  i t  \ids n o t  possj~lt: ti,, 
coi:cI ude  f rl;i;i these i;raa lyses that- 'they were 
six1 jar  chrcegh time, li; 's ,  hodever, was 
dc..80f-9stra:ed by the dnalysi: o f  ttrac!.m .)ri;r,ips 
?:r;co~~;c t~i:jii ii-r ?iii~,:r sck.izrai strzturn grliups 
itravec! trj a-. 1i:or.e s ia i i lnr  t o  thenselves over- - . .. .j,,:e c n ?  t z  :iny c";i;er s"lrii:iirrl jroups a t  a n ]  



i- - -, , .:Jage- ir,e s i . rac~r? i34,9ups v ~ ; ~ ? c h  were IIIOSL 

C ~ S : I ~ C L : V S  i n  :nis regiird were tne  deepes: ( tne  
i ; i i i ; i ~ ~  an<: Sas:ns j, trre si-la1 i owest ( t h e  easr: anc 
west banks, a n c  tne Bay ~"~Tid ' j j ,  2nd the drsa 
u h m l x e ~ i  oeptni 37 xne !;orti? eas t  shelf  
extdndtnc; nsrrh areuns Cape Breton, 31e a3ed:~~~;, 
de-ptn s t r j tun,  gro~i i is*  or ; i larris  as  we ierned 
rhei-, ovi?r i?p~ed edC!i other  extonsilvely, aria 
overIap9etj the  deep a n d  shai:oa s t r a t a  t o  a 
: e i s e r  exten:, 

As ~e si;ggestel! ciirl i e r ,  n;r"c:lral groeip~:lcjs 
of spezies which a r e  e r s j s t e r : i  through tinie i:idy 
be relevcnt t o  f ishery managmien;, Even I f  
%lological  inei-acticins alroei; t h e  species  dxe 01' 
iin ;onseqdenc? i:? prtsl_;c:n3 tile pa t te rns ,  1;i-i: 

fdct  tha7: therd s r e  27335 o f  r e l a t i v e l y  
honisgeaoscs species ca~:;iosi l - , ~  nil nay be of ;iai ue 
I n  a i l c c a e r n j  e f f o r t  w j t h  the  object ive of  
opt;inisln.; y ie ld  from mixed catch f i s h e r i e s  
given the coilstsairits of i n u ~ r i d u a l  speclei  
cjuoeas (3rown e t  a l ,  1979,  Murawski c t  d l ,  
1983 j, k s i o d ~ , ~ ~ :  as  r;nis 9ne w o u E  by one o f  
.;everal aspects t o  be considered i n  d e v e l o s i ~ g  n 
inariagomerit scheme wit !?  l!ie above oojec t lve ,  
Other aspects . iouid lncj  ode tile f i sh ing  
pat terns 9 t  t b e  f l e e t ,  pidgmasics of  data 
coi lectior: a ~ d  survzi 1 lance,  dno stock s t ruc ture  
ano :;iigration, 

A furthe:" pcssr31 ; i y y  I S  t h a t  the pat tern 
doserved r e f l e c t s  so::e dgnarn~cal aspects of the 
f i  sn coi;i~;iiii~ I t y  , Grolips 3:: f i s h e s  which occur 
sogether say be t rspnical  i y  i i n r e d ,  Tyler g 
dl, (1982) kdve discussed a manase~;,ent approach - 
oasec on assembjage production u s i t s  {RPGsj each 
of hiiicr? 1s a Lrcpi i~cal ly 1 1 n ~ e d  s x c i e s  i;rnrip. 
Tnej d e h n e  d n  asseiribiage regiofi as  s p a t i a l  unit 
w i t k i n  :i.nich one or  more bir i loi ;~cal  u n i t s ,  APss, 
arc- rep;esentril= 

The pdt tern ofarri sts;oi;lion of species  
iiirrong strat!ii.l/year grroj>.;s i n  Figure 213 i s  
coii:i;atib?e >with the  4PW approach as  presentel  r?y 
T y I t r  et a 1  , (:982!, intaei?d, t n e i r  ikrnruiation 

-. -- 
was pdrt iy  based on anaiys.!s a i  research trawl 
cdtches on the Z c ~ t i d n  Shelf i~ the  1960s 
(Ynign: d n d  Tyler,  ? 9 ? 3 ) ,  The s t ra t i in  grcugs l o  
this a n a l y s j j  were ceflned on the  oas i s  o f  
homogeneity o f  specles  cocposi t ion  w i L n i n  years ,  
On the  other  hand, t h e  stratlim/yeas groups 
r e f l e c t  honosenei t y  rif spec? es  composition 
r.r?rou~ht time { f i g t i r e  1!3), In t h i s  p s e s e n b -  
+ .  
L I O ~  t h e  S LTd tUi i i  j r 3 u p ~  v , d ~ i ? l l ~  ue i h e  ecjdivditint 
c; dsse;.lsiage reg-iocs anc: ::he sgecies grouFs 
wi:r?;n serdtum qrcrl~ps woi:iri be the APLls, T h l i  
wo!,iid be assunicy jam? iunc t l sna?  s i g n i f i c a n c ~  
oc s n o  oroupjrgs, j nce  aqa:n, the des:yna:-icr, 
of assenoii.;e rei]lit)!:s ar?c APJs would have to be 
made w i t h  reference :o f i sn ing  pa t te rns ,  s:ock 
ooi;n?ar: S .  -36:~. . 

:n ls  approdch asswae: T I  r s t i y  L9at the  .APb 
' 5  3 F::nciiora? tin: t wizn en?ersent 2ropert;es 
~ in?cn  r*;rrs",e cer~sjdered irr rilanagic~ the r i n i  t, 
an3 seconiiiy tiiaz a?& w i t h  Ine same spccles 
;OJ;;C;OS? t ion : r, ccrir!;do~s asseiibi ago regjogs 
i n t e r a c t  only w n z ~ l y ,  i r  s a t i s f y  t h e  l a t t e r  
asc.inptl!:. for- t h e  S C Q ~  73n ";he] i ii woii1.i 
probabiy b e  necessar, to dofine re1 a t i  vely 1 drse 
ci;se:ribl age  reg: ci:>, s ~ c i :  as  : ncrzh  e a s t e r r  
th?!f ,  south %~er te r r !  s i i e l f ,  3fia Bdy of F:.~nd.y, 

:nesr2 dry ra-her s ~ m i ? ~ ?  e o  t h e  exrs'jn; s lnt ; le  
specjes  NAY] ooijiidaries. :*j t i l e  elsliprc +,3! f o f  
the she l f  one wetiid not ,  fo r  exa::p?e, s~pt?rd! . i .  
;he banks f r o i n  t3o a r e i  of r:~: xed neptks, eec;18Jse 
tile ~ o d l i j j  dice 9rr"iip i s  presel-t i n  bljtrv; I:qe 
ba-;ks a r e  distii?guisheci only n j  :he praseqce :,'r 
tne je l lawcai i /sea rdveq group ? n  dadi t lop t c  
the rod/?? a-i ce groiip, 

in theory, by ccris !derlrig Ai'i.!:; w n - ; ? r ,  
asserzbi d,ge 1-er;i ons a s  ene p r a c r c i  riiana9einenX 
Lnits, t i lere shoulo 34 d 'jjsn;?-::zqt fedkjctlon 
i r  r n p  ma:~ayem@nL e r r o r  ?tic- t o  s;jeslcs 
in te rdc t ions  wil ick  a r e  ~ndccounted f 3 r ,  ; h ? s  
"mu1 ::species" m a n a g e s ~ n t  s t s u c t ~ r e  w o ~ ; ~  br 
analogous t o  tne s ing le  species  apprcach 
iriasmucn as APds i.toblri rep13ce s$ci:?es , 3 n  

asseiiibldye regions wou;: repi i r e  S ~ O C ~  

ooliildar i es ,  Single specl es  assssr,:ni-xt; a rc  
c r i t i c a l l y  dependent upon a c c i ~ r a t e  d e f i n i t l o c  s f  
stock oolrnaar?eu dn; span re ;hs r i . -  C I C ~ I I - ? S  i,f 

pi;pt;ldtirin dynanics, :.i!il jar!;, r:ie 
"mdlt jspectes"  approscn b q i l i  r eQ9j j re  a c c 2 r s t e  

. . 
def-iiir t ions  of asseicblage regions and  rea  8 ;  s t ? c  
models : : : : X ~ : i m i ~ i i ' i  ty dyi:ci:~ij t c i ,  

This stbay his  rnacie ~i ~ s e l  imlnar-y stkg 
-towards t h e ?  d e f i n i t i o r ~  of dsseqrola~e rqij I C C S  ard 
species cr::::upings on Scotian j h f ' f ,  and i,? 

5a.y O f  Fund? ,  1.c provides a con",xt w r * , h j "  
wnjch exi sti::g "n:ui"i-jspecj:::< riotejr, -.eb]< 5~ 
t r i e d  vsinq e x i s t ~ n g  r;;sz;, f o r  : i l sa : iy in-f  
e:i s t i n g  ddta ciii i e i i i o n  ;rqcpoii?e; j- i*rd,?r ; 
obtai rj a p p r o p r j  c a i , ~ ,  1:: :; ;?rncmss 3 1 1 ...a4: " progressively inore spprop?;il;:? I u f j ~ j  c i 3 i i  ci 
the  "wy~tei?" tin",] l t e r e  js  s u f f j c j e n i  
: " C o r T . - ' -  
c i i r  . ! d l i s n  t o  e.ither re;ec",ne dpp~~-cacrr s r  
proceed w i t h  pract ical  ~ p p l  ?cd-,:on, 

1 )  piari~ra: g r o " 2 ~  )"> ' trdbasl ~ 2 "  ,; ~ , ~ l , p j  
+-?a ,*,, - s,9ise ;- ma;cr areas  yea; d f " ; ~  "@a?. 
Northeast she1 f and 8a~cluilre;,ir; Si;?; .. 1s la-:! 
a n d  Uestern Banks; slopes,  basii.5 ;;.G 

"ifliar? G u l f ;  wosf;eri? s h e l f ;  ane Lar of 
Fupdy, The i nterre;  6 3  :i;fii  ps  a l ; ! x i  Y ~ e s e ,  
2 5  regards r ~ ~ c : ~ ~ l $  5 : t : ~  ~f < ~ ? ~ e - * : ~ ] ]  
,- i . l>nes ,  - a r e  r e i d i i v e l y  c a l s i s t e n c ,  ;ut B?, 
sf Fuady j s aicst 5 j!ll: hr .:he ,~il.i;---.~ 

s k e :  f jr soqt2 years  jfid t; Sz(::e I s '  ;r; ;::<I 
Western Sang5 in o t w r s ,  



- \ 

3; I n  ,general these s p d ~ l c  ce6:pcral groups  w2re 
d i s t r n c t  I n  t e rns  of t h e i r  average 
e n v i  ronnental chdracter: s t i c s ,  The banks 
ard t h e  deep Sroups were 2ost  cohesive i n  
trirs respec t ,  Th?s suggests t n a z  f i s h  
d i  s r r l  but; on i s  s t rongly envi rannrentai ly  
d l  i jned. However, i t  was not possible  t o  
d i  s:i ngui sa the re1 a t i  ve importance of t h e  
pnysl  ca l environment and bio:  o g i  cal 
in te rac t ion  t o  groundfish d i s t r ibu t iona l  
pa t te rns ,  

0) ine temporal persistence of the ooserveC 
s p i t i a ?  pa t te rns  nay be of v a l u e  in managing 
rechnoioyica! in te rac t ions ,  I n  regard LC 
def ining fcn t t iona l  assai;oiages'of 
r i~o lcg ica l  ly jnteract jng spec ies ,  the  uriirs 
defined would be a s sa r t ing  point fo r  
fh r tner  inves t jge t ion  of assemblage 
dyiicrrnics. 

The data  w h i c h  a r e  aaziysed i n  t h i s  report 
represent 12 years  o f  d i l i g e n t  a t t e n t i o n  t o  
d e t a i l  of) the  parz of a v e r y  l a rge  number of 
Marine Fish Divjsion personnel, !io sense of 
th is  i s  conveyed i n  the  technical descr ipt ions 
d f  the conduct o f  the inore than 36 c ru i ses  ana 
t h e  subscqdent codlng, ed i t ing  and custoeianshrp 
u f  ine resu l t ing  da ta ,  I t  i s  only here, tucked 
away a t  t h e  end of t??rs docusrent t h a t  we a r e  
able t o  attempt L O  ccniiey our admi ra t i on  f o r  the 
forcsraht  of  the  s c i e n t i s t s  w h o  planned t h i s  
d a t a  Eine s e r i e s ,  and f o r  the d i l igence  and 
dedicat ion of the  people who ac tua l  i y  col iected 
th is  inforn~atiori and  brought i t  to the  point 
where vie cuiild i:se i t ,  

\.he a l s o  ~w;sh t o  thank some people more 
d l  r e c t i j  r nvvlved in  tne preparation o f  t h i s  
report :  Sary Paul f a r  organizing and overseeing 
t h e  preparation o f  t h e  nultitude o f  f i g u r e s ;  
1Laiir-i e I)ar;pi?i nee and Keven Warner f o r  draf t1  n.2; 
Pat Slmpson, Fran iioiyake and Mary i4incjr;s For 
d a t a  preparat ioi;, and Valerie f ro  rord-  
processing. Coiornents on t h e  MS oy Don Waldrcn 
and  ian Perry were 8 i Q S t  l isefai,  
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APPENDIX A: THE CALCUI.ATIOH 0% B j j k  AN0 WPJi., 

B ( h r  o r e a i i t q  j ? . ,  i! fac tor  wejch 3.i!:ci l i e ,  
t n e  -:flp~11: to of sasc ies  : . j i tn  d r  fiferent r , i o a e i  
or ra tes  o f  cnange a i o n ~  a graaien: ~f 
- i~o loq ica ;  cnange, b ; s i ; iversely pr:>oartiui?ai 
to  ; iq je  #fife data  rave Seen ~ttiird:rbl re6 0;. 

species  inaxinun!, s ince  a narrow ~ r e a d t : ~  i s  

usi iai l j  associatez; w;r!l a sceeji@r sI?pe, ilr::l 

vice versa ( F i g u r e  6). 

For each i ntes--sa!n;ii e co:iipdrl son, a breadc!~ 
aedsure f o r  edch species  along 2 nuc3er n f p n i a r  
oi .z?ndt~on axes ( see  Appens??~ 8) i s  c a l c r ~ i a t e d ,  
I t  : s  asjuned t h a t  the  o r<~:aa i ion  axes foliow 
trit major qrddients  o f  n?a iog ica i  cnagge i f :  zitin 
sbrvay a rea ,  The overal l  breadth v a l u e  f c r  t ~ e  
species i ;  t h e  weji;l:scc; dver3ge of t h e  b r ? a d t r r  
along a i l  t!~e ordlnat jcn axes, Tne weiqais usec 
jr: the  aver-age j r e  propgrtjonai t o  t"i edeGree ;:; 
v i h ? c h  the t w o  samples o e ~ c y  comjared extenu lrito 
the orddlriation diiiien~jor i n  quest i3n-  

Breadth Along d SSngle 0rdl;natiora 

F ~ r s t  ae a i s c ~ s s  i + ~ e  c a ? c ~ I d ~ i c c  9f aseaz2tr 
a j g s s  a sl.;i;le r)ri~p;t"?r: 3x1 S, Tne ft;&?thc:! ZJS?::: 

depends or; whether the sdi.iles b+i;:g carn.;dred 
are  oe the  same s ide  ?>f the  spec:es pead o -  
?#riet!~er tney a r e  on oppcslte :id?s of thp e ~ e s t ~ ,  

Yre(?dt?l 80th Samples Are on the hire . i ; l c i  
o f  S?eclcs Peak 

F ~ g u r e  &la siro.xs ~ i ;  udrdiiieters l i s ~  t r ~  
ca icb la te  oreadtn along an a x i s  wnen Sotn 
san;vles a r e  on the  sace s ide  o f  :he ;;ecits 
;eai,, 5,- .j c, the scof-e o f  ti;$? ;ii!ipje i.il-:c;\ 
c n n h i n s  !he pe3k i~ ipor tance  i 3 u e  Icr tne 
spec-ies, 1 5  more rhan one sanijie ccr?tains 3-!)ti 

s a w  peak ;a?ue,  :fie dv+rage score fur  a i l  s u c h  
rampies s used. 5.. and S r k L  
scores f o r  saing? 2s Pi dr;d j --ipe:,'.. i y , .;il 

axis d ,  a r e  used to de?,ermlije if the 59;;:pj 2s 1 
afic ; arc  31; sa;:o s:& I:? *.je pedk s ; ~ ; - c  

{sa, j drd if s o s  OR w h i t n  s ide  they  i r e  
fougd, j f  31 1 samples coniajnjng the soec es  11 

x J L a ~ ~ o n ,  --, i s  "e score o f  the 557>:c 4naac  - .: 
#iik , . r  b e  "ign iricst excrni:~e s ~ 3 r e  ~ l i  t i tr  per"tr?er#t 

side of the PPSX S C ~ ~ O ~  POT exa;';p?e3 i:i Fl : ; rr~i? 
A l a ,  Sa,?s rhe sai:;i;ic w i t   he I o ~ e c t  
score, s : ? ~ e  ~ s t k  sarip?es I a n d  are t i  r 7 . -  ,, . - 
l e f t  of 'cne >e ik ,  if 30tl:  ~ d m p l ~ i ~  "ere i.2 : i i C  

r j g h '  o f t t o  oe;;k, the h i  yilest score ~ldot~lo D O  

U S ; ? C ,  

idher co*,r~ sajjip! es are  0-1 toe  i<i:-lri >icli; bf 

i n e  species  pest a'iong ax i s  a ,  

t r id7 b i j K a  ;"-he 5readt.h 0- e x t e n t  
t h e  p e r z h e n r  half of the specjes curvc 3 : o n L  
rnf? or?ln,:i:ln e x i s ,  Qoly t9e  h d i f  ;if t h e  c:;i.vc" 
si-. wi?ir.rr sdmjjes bejpg compare z re  f-ui id i c _  
relevant here,  

1.5 2jsccl,ssed ear-i ~ e r ,  we lire ca?culat:n; 
breaath iri crder  t o  qe: 3 measarc. o f  the  senera1 



rite a t  wn:ch t r ~ e  stdi!ddrn!ieC spec le i  
1~~p3rtancci  va:uei a r e  expected t o  be cnang~c ,  11; 
ti:e 3rea of tkc  cneipdr?si;n, Me a r e  purpose!/ 

a n  ind i rec t  r.eans of estimating t h i s  ra te  
~t cridn:,e, rlore a l r e c t  ,:lethods would inake L::" 
c o r t r r o u t ~ o n  of t h e  X: di f fe rence  t o  r!e o v e r a i l  
d ~ i t d n c e  .vnol l ; i  iiependeiil; on 15 .-S- " ~ J I  = 

For exd-iule, ",e ectmsi r a t e  ofdknan$e j i i ~ j p e )  
oetideen sdnipies f arid j fo r  species k. i s :  

:"ssur:;irii) unrd-irienslonal a a t a ,  .eie w o d d  dddjtis: 
tne X dj f fe rence  f o r  the  r a t e  of cnanye oy 
c ~ u l - t ~ p l y ~ n g  the X d i  f terencc by the  reciprocal 
ot tne slope {note t h a t  U j j 4  i s  inversely 
proportio:iai t o  "is s';ope), The adjusted X 
:!iiferer-~ce would thus oe: 

Xotirc? : i ~ d t  t h e  X ~ ~ T f e r e n c e  cancels o u t  and 
onlg tne d ~ f i e r e n c e  I n  scores remains, At t n i s  
po?i~: i i e o  :lot wailr the  ordinat jon space t o  
d i rec t ly  dererniine tne ~dl i i r ts  o f  9, instead.  
our ic tent ion is  t h a t  the Ordination space 
s l ipp i /  a  tjenerdi o r i e n t a t  ion f o r  a i l  o p t i ~ i a i  ciie 
o f  tna spe::ies ~mpor.tance va i t ae s  i i i  t h e  X 
d i  fference,  

Sreddth UI tr: Sa~iiples on iipposite SSldes s f  
Species Peak 

khen the saicpies being camparsd a re  or 
opposite s ides o f  t n s  pedk along a  dimension or 
ax l s ,  tne A d ~ f f e r e n z e  w i j 1  ~ 2 n d  t o  decrease as 
one of rhe samples beconies more bf oloyical i y  
p - /  ' r ~ > s l m i l a  fro31 tile other ,  For example, i n  
Figure M a ,  ?ate t k a t  i f  sample j were t o  ae 
;fioued t o  t h e  l e f t  ( f u r t h e r  from sample i ) ,  the X 
a i f i r r e n c e  I x , ~ - x ~ ~ /  ) would decrease, 
EVPI; though t h e  b i 'hog ica l  change i s  incr?asliig, 
To con~pensdte t o r  t h e  decreasing X di f fe rence ,  
2he oreddth ' id lgi ;?  : f i u ~ t  be increased, Note "La?: 
rhe slope of the cbrve o~ t h e  l e f t  s ide  of tne  
peiii de terz~nes  how rapidly the  X difference 
decreases, The s leeper  the s lope,  the fds te r  che 
uecredse, Therefore, we would w a n t  the increase 
in breadth t o  be pruportionai "L tine slope,  
T n i  s ;ail s e  accanipl lsheci by using IS, -S,,i 
as :he breadth. i h e  e f f e c t  of slope Bn -Sar\ 
can be seen by ca:iparing Figures A2a and ~,i!, 
wRere only tPe l e f t  hdnd slope d i f f e r s ,  

To calci i la te  /s.. -S,,I, note i n  Figure 
2% t h a t  L-riangler r6! and  rag a re  s imi la r .  Thus, 
Far species K ,  

wneie ,.&; " 1 s  ~ r i e  trdn~forixie~j,  :naxl;i;iim 
sca:itiaru i red speci es iniportancne value fcr 
.- pilies - ,?.C x i n  sai~ipie j. b i i t h  rearranging, 

Gonsrder?~~,;  i ;n l_ i  i.,al;ipics ? n  v;h~cr  S ~ P C I ~ S  :i 

foilr?d, S , , - ( j )  1s toe  score of tne sample 
i i t i i c i  has t h e  extreme score on species i 'i 5 11:c 

of t ne  pea6 alon!, ax r s  a ,  !iar(;] i s  
analoyces, but on species jk ssrus o f  the p e a r .  
I n  the  event t h a t  Xk. = I k i ,  31jKd 
w i l l  be calculated a; i f  X k J > % ,  " iaj I S  

c I o s ~ ? ~  t o  Sap t h a n  i s  S,, , i f  S,, i s  c loser  
J:jka w i  11 ' b e  calcujzted i t s  S d u  ehee r .  

as i f  $ -<xiiim ,; 

Wightisrg of Breadth Along Each A x i s  

A- t~vera: 1 we! g"re2-di ie:-d?;. .  i_lreaal?; : 5 

f :na?iy calculated for  edc?r s?e(;?tis, ;P ';ne 
average, the breadtns calcklaten cn eack~ a x r s  
a re  we~qhted by tne  extent  rs wn?rI-# the ianp:cs 
i n  question extend jn?, tha t  aiiriei:sloo of lp_l l~?  
e r d i r d t i  on space, For. rxd.r.-,", ,,pic, l c  F:q re i j b ,  

safi~pies I and j a r e  ::ere C1.j stan'_ I n  poi,itin? 
alofii; ax l s  1 when cr;:?:iareci with *xis  2 ,  S:rtc? 
the .;io;e .;"he curve ? l  ;fie i:. js 1 cj:.er?, ici: 
-is ~rrnst relavent ,  tne breadt:. along t n l s  a x i s  
will get a ~ z ! ~ c h  higher d e b g n t  "iin otnat :or a x i s  
2, She ei;:enz t o  i i h i c h  rxo sampies d :  fier aia:;i, 
ax j s  a  1 s  sirrrply 

wnere id, dlid S d l  ara  tw o r d ~ n a - ~ ~ o n  
scores ~f iafnp'ce3 i and j on i ixis a ,  ;r: 
siixmary, tne "inill welrjhted a8ieraye b r e a d t h  l o r  
a spec?es i r ,  a part icr i iar  szniple ~ ~ m p d r ! S i ? l i  ;:: 

Uheri samplec 1 ani: ; a r +  # j ! :  ;p.oil--e ; i j e s  
of t a e  ~ 4 3 k ,  there wi l i o? cases where Tile X 
01 ffererices calr apgrc3cn :'a ! l ie nf zerc,  :ihfi:7 
l f 3 e  X d-iiference gets  c los?  t o  zer,;, t n e  r.::;dl-~ci 
of B j  ,, dnd the X d j f f e r e i ~ c e  will ;ti i ;  be 
cl.ji;c?uto zero, so c jacoL  d';.iiari depmT?i: on J 
tcj cor rec t  f o r  z f i j  s  r o b j  eiaj, r f le  nat4rii?;udp i)j 
the  e r r c r  r e s u l  t i n g  from t h i s  w~ l l deper-d on f i f iw  

%a samples i ?no j a r e  from t h e  ~ d k  vt : . : t ,  
I roir? the  pezx d a l  * ~ e ,  i n e  fiirtner t h e  s i t e s  2-e " 

:he g rea te r  t"i e r r o r ,  

2acher t h a n  t ry ing  t o  i u r t n e r  correc:: f a r  
t h i s  d i s t o r t i o n ,  we wi 1 i downwei gnt compai-; soos 
irisial VI ng species  wi ti: jmporhr;rcce v a  l uec on 
oppos? t e  s ldes  of the species peaK. The 
down-wer gh t zcg  w: 1 1  be g rea te r  f o r  t f ~ o s ~  



: ' ~ g .  Ai. The use 3 5  urdinz"ciai? scores and specles i;7portrincii vai ues to ?oca"L e;am>Tes ! d n d  j along trie 
axes i n  re la t ion  t o  each specieshoeak abundance, a ?  and I;) a r e  one and brio dimensiondl examples, 
respectively. Species i ~ ~ p o r t d n c e  values are used to i den t i f y  posi t ions of the peak (S,.1 arid: endpain t  
( S a p )  o f  each s ~ e c i e s V d i s t r i S u t i o n ,  Sai and S a j  a r e  the axis scares  for  samples i anaPj,  
~ e s b e c t i v e l y ~  

Scg SO! sop 

7-1 g .  " 2 .  t;corr;etric irnterpre:a.cion 01: breadtri riaen ti:?? sd::lp? es  b e l a g  coln!jdree Ire ofl oppusi  te s ides  oi trie 
pcdk dloilij  o r d i n s t i : : ~  d x ? s  (1. :Sa1-Sar: i s  P're b*.ead"c? a l o r ; ~  a x i s  a .  No"c how t he  slope o f  t he  
soecies curve to m:i : e f t  c f  the  peak i ? f k c c t s  the  inagnizude o f  the calculated lireakth, The breddth Far 
ule cdSe i l  I a s t r d t e d  i n  2 )  i s  greater  oecsirse the  s-lope t o  the l e f t  o f  t i e  peak i s  s t c e c t ~ r .  For 
s i  n p l j c i t y ,  s p e c i l i  curves are  dcpicte:i as straight l ines .  S., and S a i  w e  the scores  o f  

-d I 
5arnp;rzs i d n ~  j, ike s,jn;;les b e i n g  coinpared, S,!, i s  t ~ e  score 3 f  Lie sample dl: tile species peak, 

Sdr m"d a a r  expI5ined i n  t;?e t e x t .  
aq 



coi:r[,dr i S u r l i  I n  h h l  c?? t::e sar;lpi es a!-? SLLi. 
fu r ther  fro[- the p ~ , ~ l i  value, Tne weiijkt?n$ 1s  
<ccszi~l  I sneg rii eh vl, ,, 

iikt: sa,ne arii?:,at i oii spice used t o  ci? l i ~ J  i d5c  

*?,-, i s  iisN To ca lcb la te  k 1 j j . c  i s  
h a i e d  on Lnc.  positjoi;  cf tne  sdin;;les b e l q  
coa~pdi-ed re la t? i i e  tc tnr i  pos~ti ian c;f ti!? ~ e d k  
$31i1p1?, This ;nfnrini?tinn can eas l ly  he found 
f a r  e a c h  orrirnatjorr ax i s  by co~;par ine  " c h e  scores 
f o r  tne 9eak sample dnr l  sdrnples i n  quest ion,  
For example, ir? F l g u r s  Aib, i e can be seen tnat 
ia;riplcs : and  j a r e  an the  saint? s ides  o f  the  
peak on hot?? 3x62s- T"ls k ~ u j d  be O ~ V ~ O U S  f r ~ i i r  
exarqin l i t io i ,  o f  che scores along these two axes, 

i : ~  t h e  case wilere t n e  saifipies a r e  on 
opposite s ides  o f  the species peak 6n ax:s a ,  N - . r. i o ,  d X i S d  3.5 c i l i~t i ldt i?d d Z :  

vdnere Y,; i s  t i l e  square-root t?ai!sfnrrneo, 
wciqkte6 ssecjes-mean (of i / i l ~ s  0)  
ieanaardizea inss r tance  value fo r  species  K i n  
sanrple i .  More expj:citiy, Y I S  c a l c ~ i l a t e d  3s 
fci  lows : 

vihere uI, I S  the  i;niqueness vse iyh t  f o r  sarnple 
;a, 7n;1j I S  t h e  square-roored ipeci es  
ir~jporzdrice vajue f o r  species k in sdmpje m, and  
j i  i s  the nuniber of sdmples ~ i : h  specres 
# ...-> - . ~ + ~ r t a n c e  values g rea te r  t h a n  zero, The 
we;shts :n the s tandara i ia t ion  are a measure of 
each saihple's b i01  o g i c z l  iinicjueness ( S m i ~ h ,  
1976; Srf i :  t n  and Gijycjenherr?, i n  prep,), Trre i-iea: 
s tanaardizat icn can be affected by uneven 
sampling af hab i ta t s  (Smith, 1816), and  the  
weights cor rec t  f o r  t h i s ,  The species  mean 
standdrdj z a t !  or? g i  ues h i g h e r  va i  ues t o  spec1 es 
t h a t  hdVe a we;!-defined peak i n  a l imi t ed  range 
sf nab? t a t -  ( h i t r ; ,  1976j, inese species  a r e  
inore s e n s i r ?  YE indiccltors of  averdl l bic:og;cai 
cnangc:. tndn a r e  spec4 es d j c h  poor1 y-cefi ned anal 
o r  +d?dely dissprsed peaks, 

1:) siiniriidry, wner t17e sd;mpIcs being comi;drcid 
a re  on opposi:* s i a e s  of Lne pedk on dxis  a ,  
" d l j k a  w i  11 Ge h'!gner f o r  species  which a r e  
near t h e i r  pea< i n  a c  l e a s t  one o f  t h e  saapies 
he?r?g co!i~,:lired~ :n:1 lower when o o t n  samples n6ve 
values fu r ther  froirr t h e  ;pearim Aiso, specjes  
v,ltn ~ e t t e r  d e f : c e d  2esis  can have higher 

;;hen : jot t i  sa!:jl,;*is dr-c .  -n t he  sane j l d ?  
tne p e a k  on d x i  s a ,  [.he X j  .,, *ia! ue ~ii i 1 be 
the  r;lax:?ili.: r $ = , j u t ,  i;: a:I  samples, thal: i s ,  , 'i 
t h o  ;)mk vail,!e f t r  :,r~clt s ~ t ? c i e s ,  This will gr t ie 
h i  yriest :: val;es %a chose comparr sons iiiti? :>cPI: 
samp les  an "h.: sdiiic s i d e  of tne species  peas, 

- .  
Ine  ::id31 n- j( 1 5  tne de;gilrca a i e r a y e  

c f  roe 8iikz v ~ . ~ L z ~ .  b,i ~ i : n  94,. 
1 ~ h '  D S - , - ~ , ; I  , trie degree  r3  g 4 n i c - i  i a:,o ; 

exfkrrd h f : o  ?i;?cr;i;i3n d ,  i s  L I S E . ~  3s the w e ~ g h t -  
T!11>5 



As riale?! 111 the  text, rile zero dcj;istilient 
Lon;;jun2rlLs (Z; ;) a r e  based largely on the 
i.? k, vihrsn a r e  dc tba i iy  iridependenc 
eshir:ates a t  the  inter-sam31e a j s tances .  dr 
take advactdye of t h ~ s  t o  use t n e  El - ' s  c s  
b jd i id  an ordindt.ion space i n  wnlch td oriesit riie 
iac~pies  being cornpdred i n  ro ia t ion  t o  s?ecies  
peaks arid sreadths,  

ikr sciiiie properties t n a t  make Ei. ideal 
fur cz icu ld t ing  Z. ( i  .e,  ~ r ~ d e r e s t i m h t e d  
snorzer d l s tdnces j?  however, make E i  a 
I?ourer measure from vihicn 3 buiid ad o r a i n a t ~ o n  
s p c e ,  ?nus, insceau o f  3sing E j i .  wh?ch 
t i t i l ~ z e s  only s j ~ e c e s  that a r e  ao3ent fro[': crre 
of toe t.do samples ~ e i n g  compared, we use 
r ,  whits u t i l i z e s  311 species  absences, 
;hi:' ~mpiroves cbe shor te r  cij s tance ast inates . ,  

de r e f e r  t c  Figure A3 throughout the  
t o :  lcw~ng discussion sf the  c a l c d a t i o f i  of 
( i 
i Ue represent Mkj ( t h e  aegree of 
sDsPnce of species  4 i n  sample i) as a negative 
i:nportaocp v d l u e ,  ;A spec'ies can thas  be iis<?d Ite 
detect  biological change even a f t e r  i t  redckes d 

v d l ~ r  of zero,  because i t  continues t o  become 
iwre missing (Swan, 1370)* This i s  soiijewhat 
equi  vai en t  t o  extend! n y  the species  cu rves  bei ow 
toe abcjssa as shown I n  Figure k3. 

F i y ~ r e  A 3  i l l u s t r a t e s  an important property 
or ;dl ,. The absolute  values sf " c h e  slopes 
f tke curves belci.1 The zero 3ine a re  
approxlinarely eqda i ,  This i s  due t o  the  f a c t  
tha t  the PIk2 values a r e  a!? calculated fretri 
the  same -inter-spc?ciei dis tance m a t r i x ,  T h b s ,  
when csilcuiailnc; E i .  or i":;, i t  i s  
tinnecessdry to ai;.l;ltt fo r  ddfferent  s a t e s  of 
chznje ( o r  s lope)  f o r  the different species  (as  
15 necessary ;i.iie:l ca lcu ia t ing  Q. . '  IJ 1' 

f ir  for ir~i la  f o r  E"- i s  a weightea 
cverage very s i inj ias  t o  fhzt ? o r  E .  . .  12 ' 

kinere ; a x  : a r e  ine sanip'les be~ncj co~:lpared, - 
s tne number of species t h a t a r e  absent i n  
e i t h s r  one or  both sa:aples, a:?:: 

i t  specres i: rs absent I n  sailpie ? b u t  not ~n 
:dinpie ; , and 

i f  ip f ic Ie5  a: i s  iibsi-inf l i l  ";aii!pie j bu: not ? r  
ianp?m i ,  i t  species k i s  absent in both 
samples i  and  J ,  then 

iii!e!l .Ijtic.;es rc 1 5  4 n ciie sarr:pl t? b u t  n o t  1' Lr:.? 
c ther ,  botn Plr,l and  K,, r e p r ~ s e n t  the 
<js l-di~ce be!ow ~ h ( d  zei-Ti l i a e  at t r e  s61i1l:le irois: 
dD1zi1 tr8e S L I ~ C ~ ~ S  1s  fi1155'irig [ F j g ~ ~ . - e  A 3 ) .  Fa?. 
exai::pi?, whnr: comjarin";.san~files 2 di?C; II ( F i g , ~ i . ;  

;<5.1 i s  eijiiivaieil",~ the  d i s tance  
' ? ~ t ~ i r ? c ? i i  5 ~ : n t ;  izriil 5, 

. *  
I ,  srle spec1 t - - i  I s tit- S S I  ';g r ro!~i S O ~ C  

Sap.., ,i,,ies, t h e  different.? i n  I4 ,ialuos f o r  I:": 
spec:ei s; t he  twc stdL:~~ris  :s  c s e d ,  For 
exafv- . i p ; r ,  wneri coioparrfrs sd,ap!es ? and 2 jF;<;, ,rc 
,I 'a ,\ "t~~~.-r?,?f eqta: 5 -'.;. - I  .. s r  *I s ~ a n c c  -- 
between poiGts P ano Q, hote thdt :tsjnsj mcc-c ;  
miss~rt:; frriln bstn ss;rn;ples i n  t h e  c i ~ l c u l a t ~ o n  :>f 

t\ ,, I ncorpurdtes 12~r13 I / l f ~ l . m d t i ~ n  (~0/.:{;6ri?d 
to 'E i  - )  j n  zhe vdejghtea asderage when the 
sarfipi"; s re  biological 7, s'mi j a r ,  Tl i ' is  
additional inforxiation snnuid lead t c  better 
5,hor;f.r a i  s ~ j n c i i  estiinates, 

A5 s ~ 4 1  L n  E , ,  , t h e  E \  ., fanndid j s 3 
welgrlces averdGJ1, w i t 1 1  e i f n  vajiie 
:de j~ ; ; tpd-  sy i t s e l  < ,fir;d ;nly && i;j.;hest 5':"j" 
ircn M i d i  values jncludsd, T h i s ,  o f  c:>urs;l, 
~ i v e s  i:icre vdeight t o  the  l a r g e r  v 2 j s ~ e s s  
The ~nijiorxai~cc of t h j s  ~ ~ e i g h t i n i ;  ciin ;re 
: I  1 tiscsated by cozrpiirlrg t h e  ri?idr<ve 
contr-ibutious of species  A arid Y t o  the  , o r t rds t  
betvieen rdnplei  3 and i (i'igure g;, ,  Rc1.n 
spec?es z re  absent fioi:i ooth sdm;,!es, :i:e 
va:uns f 3 r  'qib3 af id  7 3 ~ l d  n ~ t  3e 
~ e o d  ?nfllcaloj-s a C  $ " y ; : ~ d j  c m . : ?  S I : . L  2 

I - I M ~ ~ - F , ~ ~ ~ \  t3e qercjc,-ji j ' s t j n i e  Setdesq 
pornts t arc! Ss i s  a;iproxl:nately zcr:? eilj7:l 

%h~i3!1 ~ d m j i j e ~  3 aild 4 a r e  b i o l a g i ~ s i i y  
.jj ss--- rl,2 ld?r-,  T h i s  w i i  i occur whenet-ier tnc 
sdmpies dre on opposite s ides  of the  GCsillcrj 

Y - ~ ~ C T F .  t l l e  si ie t jes  achhaily acLsrs, i n  t n e  csnt-r 
hard, b I n 2 - ~ .  - 8 , -i" - 1e dis tance between 
pojnss iinind W, I r  longer and 7;ot-e cCc;meri.;rate 
w i  Cn biniogicei  change, Tnis w i  1 l oic.jr ~ ? t - n  
:he samples dre on cbe sane s ide  of the  . i i . c :  ,)T 

SPCCI t?s ~ ~ ' i c ~ i r r e i i c e ,  !nese :anger ,  more 
;pi;ro;iri a t e ,  ?4', .j.'a 1 L;es recei.de h j gker 
weight i n  t ? e  w6rynted iveragii, 

F l n d l  i y ,  one cliy d s i  why we d o  not ..,se 
, -  $ 
L i 1 ns>aa (jf Di ; as r& f j n a ;  in ter . .  
sdnpin i j s t a n c e  vblue, s.~i;cc both a r c  est - t . , ia t ; i ' ;  
of t k  ~ t s ~ f i c e ,  Ue prefer. to base t ; ; ~ :  .;garter 

d i s t a o t o r  07 ifie species  cicttrai i y  [;resen!. a",:~.i- 
,. >drnp!ei - 31111s coi:iriarecl, r h l s  seerrts ~refer .3ai .  
bicarrse i t  i s  mati1 n o r e  - i ~ r e c t  and E . c o I o ~ / c ~ I ; ~  
S.Cif?Sl[)]C. :" 

j i  i s  based on less and ' ess  
I n f o r q a t l  on as"nsre and more of the save spec; h . i  

a re  f i~i i r~3 ;n ssa:ples i and J, Thls i~ oe;aLiz? 
there w i ? ?  he F w e r  spec?-s  a b s e n t ,  In t t e  
extreice ciisc? woerc- htwo sai-pies cont3;n 2 1 )  
species  ' : ) z J ~ : :  ii. any  of :he samples si;ryei.'c, 
there t c i ~ i c  be fir; E' - r v l a t e d ,  s ince 

w o : ~ l d  be ip:$-~~l~~spn~, 
, . tdr;en b i i ' i l d j n : ,  i:he i;r(jjr?zl;jcr 5;jdcc ,-: nirv*  

case, 

o r len ta t loa  o f  sam?les r e l a t i v e  to specieha 
2eaks 'in t h e  coi-respc;nt:ing oioiogica; s,,dce, 
7 b l  s sho:il d not requj re extrer-iel y accurate 
d i s tances ,  



JSe  - - i d '  or31 n d i i  on (Bray and cur"; 5 ,  
l ~ i -  ,J,, - .  G Z U C ~  d i ; ~  Scr'ui;!;~, 1579) t o  qiiickly e red ie  
?o i i r d i ~ d t r  3n space irr:!a tne :' . d:^,tance 
inatrix, 3 r d r ~ a t i o n  axes a re  cs&Ated by 
r e p e d t i q g  t w o  oasic  s tebs ,  ;j iwo samples z re  
chosen as endpoints fo r  an ax is ,  2 )  A r  
or-dinai~ori score far  each sz.mjle ; s  then 
~ d i i . u l  atel; tram tnii dis tance betwee6 t h e  s,ir:,p,e 
1 . i  qucstlon 31ia the two i*cdpolnts, gray and 
ic;rt! s  (19577) dc(:o!ilpl lshed ti3i s  by nand, dnc 
iiedl s  ( i i ; O i ) )  demonstrsted how t o  accoinpi i sh L * : ?  s  
;:iathemt?Lica? l y .  The re la t ionsh ip  between sf:rnp?e 
k and the endpoint (I and  j) can ue descrjbed 
geometricdily { f igure  M ) ,  & r e ,  i aoa j 
riiprc?sent the  ~.i ld j jo!  ne sainpl es , i i s  the samp 1 e 
f o r  w h i c i i  a  score i s  t o  be calcuiated,  the 3 ' s  
die  the dis tances oetween the  correspondjng 
sdnpies ,  and Sk j s  the  score of  sample k, Sk 
i s  caicu:ated as  f011ows: 

The Select~on of Endpmwts for t h e  F i r s t  Axis 

inc longest disPdnCC i s  i r a d i t j o n a l j y  used 
Lo define the endpoints of tne f l r s t  a x i s ,  T n ? i  
i ? * i  c r e a t e  d i f t i c u l t ~ e s  when there a r e  t i e s  fo r  
the iofigest d i s tance ,  o r  when orie o r  both o f  the  
sainpl es represented i i? t he  n l  stdnce a r e  extreme 
o u t l i e r s ,  Choosing i n  o u t l i e r  would tend  eo 
obscure information about t h e  b u l x  of  the 
samul es , 

Ye i o i  lor; Beais" 1973) suggestion an(; 
c o n s ~ d e r  the  r a r i a t r l i t y  of the dis tances t o  
eac?i potent ial  erxlpnjnt, Extreme out1 i e r s  'w? 1 1 
have a lower var~anc i?  o f  distances between 
rheiasel lies and o ther  sdmpi e s ,  necause these 
iii stances w i  1:  be u n i  forriily. long, Ne ca l cu ia te  
dn ~ n d e x ,  1; f o r  each potent jai  sample 
., ~ J B  - - i f - *  Tne ;dhp?e pa i r  w i t h  :he highest index 
valbe i s  used ds che endpoint p a i r ,  IiJ i s  
calculates a s :  

wnere V i  1 s  tne var:dnce o h h e  eoisrances 
DePiieen iac~pl e  + and 37 1 other  samples, V, ; s 
4 '  .ne vdrjance of t h e  dis tances between sample j 
aria dl 1 other sar:i;! e s ,  dnci i s  ",e 
d;stance oetween sam??es ? a08 j, 1.. 
, v i ; g ~ e s  s q o u ~ d  b e  h :yhes~   or sample t i l r s  *,ial:p 
dre d i s t a n t  i j i i t  net. exrrerne in  ~ o s i t a o n  i n  
r r ldt joi l  to 2:1r? reif: c f  the sampies, 

Proposed nlethods of finding endpoints f o r  
subsequent axes a re  soaewndt crude sod 
sub jec t ive ,  arc1 can ieao t o  nonperpendic,~!ar or 
correidted axes (Brdy ~ n d  Cur t i s ,  1457), Orloci 
(1975) presents  a rnr:hcd f o r  project ing anto 
9erpend1:ular axes,  a l ~ t  t n i s  s t i l l  does not 
s c l v e  t h e  enapoint s e l r c t i o n  problem, 

~Iier i i  LIi ; I S  rhe d i s tdn ,~ ,?  ~ i e d  i : ,~  endpr31fi?. 
se;ert;oR sric! score cr?lc;iatlcn on the  :?t .v i i ) , i i  

a x i s ,  anti  S., a n d  are tbi scs res  o f  
samples i a;id j oo.'tho p r e v i o u s  2x15, 4:nz2 
caicuizted,  D'; 15  bsed ( i s  D l .  da5 
the  f j  r.st axi i jJ t iP f i r i t ;  i ? n d 2 0 7 ! ? i ~  a7:C ciij C ~ ~ I ~ L C  

sccres ,  The % l i e  of  the  residual d i s t a l c e i  
asskse j  chel; t h e  ~;;or. is 3c tne i;rfferei?t d ~ e r  

w:!l be indepengent ibed ls ,  1973;, h l l  
s ~ c ~ o s s ? v e  axes a r e  cased o? t h e  r e s l n ~ ~ a f s  troc, 
a1 l prei ious dxes .  

Choosing t h e  Number of Axes 

kie iai! cu~npute the afniiurit or v a r l d t v f :  
represented i n  edch ax is  (V,) a s :  

where n r s t h e  iiaiorber u i  sa::,nlei dt , i?  5, arm 
S; ;re the  sane as  above,  T h i s  1s s i ~ ? r ?  tne 
ahount of o i  seance between sariipi -.s aioj?! a x i . ;  2 ,  

To obtain t h e  percent of t h e  t o t a ?  drst*sce,  
accounted for by the d l ;  s (P, j , de c a n  
::a] cul a t e  

#$if Ti" Di ; 1 s  the d:stdrrce ::erne?- :;i;i~lj:l-;'.: : 
dnd j inUthe  or iginal  d i ; t ~ n c e  :ia:ri i, 7vr 
c u m i i i z ~ v e  percent of d: s tance a:c::untr:ii kr : j  

a1 l 3nes up t o  ax i s  d 7 5  

ih? ?naiys-: c a i  choose r.i; C O ~ : I ~ ~ L C ~  ? r d i r i d r i 2 i ;  

axes u n t i i  a d e s ~ r e d  v z : ~ c  of ::, i s  rc'>cnez. 
For tne cresnnt appl ica?lari ,  4s. rr;~~e cn:?sen Z i i  

co:npu", axes  b n t j  j C, j{j-:, I f  c ? ;  5 : " ;  :;: 
more tjidfi  5 dxes, vie lise ?xes p t!i #3 i:?if,t 
where C, iij::, ii? any case,  a i?anrr:r!ir c f  t.;. 
a.xes a r c  used, 

:ie propose dn ;r?jrctive a n <  s11np;e r,ictnod 
o f  endpoint se lec t ion  i n  tho s teps ,  F i r s t ,  :ne 
;esidaai dis tance  betweeri tdc s : t e s  i and ; 
(D",:) i s  cajcuiateo 2s rnjjo+.{s:  



i i . ; i .   ti^. Twci of ~ a i i y  LIypotSetical species a long a s jngle  gradient of b io log ica l  change, ;howlcG hen 
M k i  m"les cdn be used to  calculate E>lj See t e x t  fo r  f u l l e r  oxp ldna t i on .  

Fig. Ad, < a ] c o 1 a i i o n  of o r d j n a t j o q  s c o r e  ?'or # ? n t i t y  j( on 3ile ;x is  w i t k  eenopoinr; i arid j.. The D' ;  dye 

t i l e  distances betdeer; the correspondilg e n t i t l e s  and Sk i s  the scope f o r  k .  


