V i YW ) S e et

.* ‘National Library Blbluotheque nationale ‘ ‘ '
of C#hada ¢ ' duCanada _ . ‘

C_anadian Theses\Divisibn - Dlwsnon des théses cariadiennes
Ottawa, Canada A QQ o

QuawsCanada 48901 -
PERMISSION TQ MICROFILM,— AUTORISATION DE MICROFILMER.

o Please print or type — Ecrire en lettres moulées ou dactylegraphier
b

Fdll‘{;lame of Author — Nom complet de I’auteur

-IQ\'LN"‘ 0. Busk o E

Date of Birth — Date de naissance . o Coupfry of Birth — Lieu de r{aissance_
2y SEPT 4y - UsA o >y
Permanent Address—RéSIdence flxe _ ' : \ L ‘ '
Df‘o4 oe ;oo\oa%_ | | | - - B ‘ ’
UniVv. o{: A”o'\'r"h\ : e ' y ‘ h
EAM.w*M’ o o L,

Tltle of Thesns — ﬁtre de la these

‘:adnm\ S\wu\qn*h( &ni \f\(:fc.(onmum \Z 51,\;(-}\,/( o +[\_< kt[,\m,,_l‘;
| O'F lt::vr S’c‘q..o'/

University — Université ) . | -
Rlbe~ta o o
Degree for which thesis was presented — Grade pour lequel cette thése fut presentee

Year thls degree conferred — Année d’ obtentlon de ce. grade e ﬁame of Superv:sor —_ Nom du durecteur de thése:
lCIYO S 0 . : .:S.o\\-\ C. Holr-\.fs' :

' Permission is hereby'granted to the NATIONAL LIBRARY OF ) L'autonsatnon est, par la ‘p"résen‘te accordée i la BIBLIOTHE
+CANADA to microfilm this thesis and. to Iend or sell copies of QUE NATIONALE DU CANADA de microfilmer cette thése et de
the fllm o ) - préter ou de vendre des exemplaares du fitm. .

The- author reserves other pubhcatuon rights, and neuther the . L auteur se réserve les autres droits de publichtion; ni la these

" thesis nor extensive extracts from it may be printed or other- " ni de longs extraits de’ celle-ci ne doivent ée |mpr|més ou
wise reproduced wuthout the .author's written permission. ‘autrement repsodults sans !’ autonsatron écrite e 'auteur. '
‘Date : ' ' Signature




N K1AONG

* . National Library of Canada
Callections Development Branch

Canadian Theses on

Microfiche Service - sur microfiche ~

Z

'NOTICE

_ The quallty of this mlcroflche is heavuly dependent
upon the qualtty of. the original thesis submitted for

microfilming. Every effort has been made ‘to ensure

the hughest quality of reproduction possnble

A

i3 pages -are mlssmg, contact the umversuty which

gkanted the degree.

Some pages may. have mdlstlnct prmt especnally
- if the original pages were typed with a poor typewriter
ribbon or. if the university sent us a poor phpto‘dppy. ‘

Prevnously copyrlghted materlals (journal artlcles,. S

publushed tests, etc.) are not fllmed

Reproduction in full:or in part of this film is gov--

'erned by ‘the Canadian Copyright Act, R.S.C. 1970,

- ¢. 'C-30. Please read the authorlzatlon forms which
. accompany this thesis. ‘

" THIS DISSERTATION
'"HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

OttaWa, Canada '

'.. bﬁ

Bibliotheque nationale du Canada .~~~
Direction du développement des collections

" Service des théses canadnennes

AVIS

La qualité de cette- mlcroﬂche depend grandement de

la qualité de la  thése SOUmlse au microfilmage. Nous
- -.avons tout - fait" pour, assurer une quallte superleure

de reproductlon

-8l manque ‘des pages, veuullez commumquer
avec I unlversne qut a conféré le grade l

. La quahté d'impression - de certames pages  peut

* laisser & désirer, surtout si les pages ongmales ont été
'dactylographnées a |'aide d'un ruban usé ou si I'univer: -
sité_nous a fait parvenlr une. photocopue de _mauvaise:

quahte o

'

-La reproductlon', méme partielle, de ce microfilm
~_est soumise & la Loi canadienne sur le droit d‘auteur,
- .SRC- 1970, c. C-30. Veuillez prendre connaissance des

- formules d’autorisation qui accompagnent cette thése. -

LA THESE A ETE
MICROFILMI?E TELLE QUE
NOUS L AVONS RECUE

Les documents qUi‘fdnt déja I'objet d'un droit
- d‘auteur  (articles de- revue, examens pubhes, etc) ne
~sont pas mlcrofllmes _ . e



. THE UNIVERSITY OF ALBERTA

Faunal S1m11ar1ty and Infracommunlty Struct re 1n the |

Helm1nths of Lesser Scaup

. AMbert 0. Bush™ = . .

At Y THESIS

",‘fSUBMITTED TO THE FACULTY OF GRADUATE STUDIES AND RESEARCH

| _IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE DEGREE

i ‘ﬁ-" OF DOCTOR OF PHILOSOPHY e C" a; A

SRR T SR A
S Z00LOGY

"*E EDMONTON AH%ERTA
e FALL 1980\



-

L THE UNIVERSITY OF ALBERTA ,
FACULTY DF GRADUATE STUDIES AND RESEARCH |

recommend to the Faculty of Graduate Studies and Research

for acceptance a thes1s entltled Faunal Slm11ar1ty and
Infracommun1ty Structure 1n the Helm1nths of Lesser Scaup

subm1tted by Albert 0 Bush in part1a1 fqu1lment cf the

0

- requ1rements for the degree of DOCTOR OF PHILOSOPHY




ML
<

: AbstraCt ' _" o e

Ty

| The\Faunal s1m1lar1t1es among the helm1nth 1nfracommun1t1es 'ﬁ -

of 45 lesser scaup,. Aythya afftnts,_from 13 lakes, |

| representlng 3 dtst1nct b1omes in Alberta were compared

o

,eus1ng a varwety of mult1var1ate techn1ques | “AT% | _-;f ,:
Recurrent group analysts reveayéd a s1ngle group of 9 :'
| commonly coloccurrtng spec1es No sub51d1ary groups could be
__?{fd formed | » | u‘_ ,v“ y ',‘. o
N Cluster analy51s revealed an overall h1gh degreeaof "taé3

51m1lar1ty 1n the helmtnth faunas Qf lesser scaup, w1th

l1ttle tendency fon 1nfracommun1ties from the same laKe to

A

be more 51mtlar to each other than to 1nfracommun1ttes from

dtfferent lakes Clusters were based pr1mar1ly on

d1fferences 1n abundance of the common sbec1es .

- “ Princ1pal components and Var1max rotatedgfactor

analyses revealed two 1ntermed1ate host su1tes of paras1tes.-)r:
t’ one using Hyalell _;tgg_,.the other us1ng Qa arus

| lacustr1s Very h1gh frequency,,abundance, and |

}7'/1ntercorrela$1on of abundances w1th1n su1tes, plus the fact
that they use the preferred food of lesser scaup, suggested
that these spec1es are truly character1sttc of that host ,1f:d
Furthermore the evidence suggested that the stmilar1ty :
between 1nfracommun1t1es attributable to the 1ntermed1ate ”
host sultes (plus other frequent spec1es) was greater than l:.”“
the simtlartty attrtbutable to btottc or abtottc o

| hf-. charactertstics of the lakes

N . Y “ .
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The structure of the 1nfracommun1t1es was. 1nvestigated

.

*_1n terms of the linean distributional features of helminth
- species and niche overlaps between spec1es These data were
’_: then compared to predictions of random models : ‘V . "’fﬁt;;

The frequent spe01es showed restricted distributions .
flzand predictability in their sequence of occurrence along the fd
gut. A test of 1nter n1che d1stances (as measured by o
'%fldistances between median po1nts) against a. random model‘
:ylsuggested more’ regularity 1n the d stribution of‘spec1es
ft‘than predicted by chance The large absorber gu1ld preferred';”
“Ja.the mid and posterior regions of the qut the non absorb%rspjiil
'-‘preferred the anterior Both groups were 51gn1f1cantly
'»':jpdifferent from random distributions but collectively they }
f}suggested an even spread across the 1ntest1ne o
| The low overlaps among the frequent spe01es suggested
| that they differed s1gn1f1cantly in their niche exp101tationq:‘fi
alf?patterns whereas the high overlaps among 1nfrequent species nftrﬁ
.ci‘suggested a htgh degree of 51milar1ty 1n their niche‘;f'
. exp101tation patterns Most of the realized niche overlaps :
‘l7‘(average niche overlaps) among the frequent spec1es were
"‘significantly smaller than their fundamental overlaps
B (summed niche overlaps) This significant reduction from
'TFfundamental overlap to realized overlap, was interpreted asf,ﬂﬁf'
;:_evidence for 1nteraction between these species Most of thei“f
:srealized niche overlaps among the infrequent species were |
- -

- T'not 51gn1ficantly different from fundamental overlaps Thisf"

vwas con51dered ev1dence for lacK of 1nteract10n among these”~’

‘s
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u'the 1nfracommun1t1e

A summary of
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; the determ1n1st1c component composed

"e ev1dence suggested two components 1n*'
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Parasitology' ParaSItologyl'_f-“

,_eche part of science to two of mytho]ogy;.‘._

Oodles "of doodles that: you will 1ns1st

; _Are micro- sized monsters that  just can’'t exist

Papers replete-with long names in italics
Describing in jargon: the fanciful antics.
Of ‘creatures who live on the fat of the land
In host after host without . lifting a- hand

Paras1tology' Queen of Biology!
One part of ‘science to two .of mythology
Don t you owe nature a humble apology°

Wr1tten by Dr A E R Westman for

the ret1rement of Dr. A.-M. Fallis

_ 31 May, 1972 Toronto
ey
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g I,flntroduction

w

"But 1t is. tlme for a speculat1ve phase. in the development
of the ecology and evolut1on of paras1tes ’ o

‘ Peter w Prlce Evoluttonary Blology of Para51tes, 1980

+

Are there features of the enV1ronment that account for

slm1lar1ty of comp051tion‘between cmunun1t1es7 Are there

features wh1ch prov1de for structure W1th1n commumtles'> -
.These quest1ons seem to be the major st1mul1 that ha e
‘generated researcn in commun1ty ecology for decades "They'

permeate both the early research wh1ch focused prtmar1ly on \L

o descr1b1ng the elements of the communxty, and current

l.research whlch attempts to elu01date the underly1ng
_imechan1sms that contr1bute to the 51m1lar1ty between, and
‘fstructure w1th1n, commun1t1es ,. _' . p;_
These quest1ons suggest two pr1nc1ple llnes off*fff“:r‘
‘;research the f1rst of wh1ch concerns sxm1lar1ty offt
*JfQompos1twon As success1ve observations are made in o

’nfdtfferent areas,_the f1del1ty of certain species toh,

L particular hab1tats ravses quest1ons about the nature of the

‘ f_hab1tat or of the spec1es themselves, that accounts for, "or o

: allows, this f1del1ty Repetmtive observat1ons ‘on-a single ",/2/
vxjarea often suggest some level of organlzation withln a ,;hf:gy"a~
'hcommun1ty and thus generate quest1ons on how or why., ,,KQ i

community is assembled or structured Plant ecologists

i



- appear to have been thesfirst to recognize'repetittve
associations and the diffenent_freguencies ofspectes‘
:‘occurnences in similar aSSOctations'te.g;;-Gtéasdn}.1920;
’HBraun~B1anquet 1932; Raunkiaer, 1934) ‘These earty | |
observat1ons led to w1de1y d1vergent v1ews of the nature of'
fthe communwty and the 1nherent stmx]ar1ty between some ;
commun1t1es Tansley (1935) v1ewed'the commun1ty as an
}=1ntegrated fundamental Uh11 hav1ng d1screte boundar1es, and -

'f'amenable to classifICat1on Gleason (1926) on the other

';hand was a lead1ng proponent of the 1nd1v1duallst1c v1ew 1n,,"‘

-zfgwhich the commun1ty, as a un1t 1s£mere?y 3. conventent

;abstract1on used by ecolog1st. to class1fy what 1s s1mp1y a.7;

:{:collectton of populat1ons w1th.snm11ar env1ronmentalvb»°

| “f'pequtrements Th1s latter v1ew ]ed to the develODment °f

tzfa cont1nuum and 1ed to attempts at correlating speCIes

g_;fgrad1ent analys1s as a techn1que for study1ng poput?tions on‘.

,'_s-

f'd1str1but1ons w1th env1ronmental var1ab1es (e g v Wh1ttaKer;“$§]’

;1957)

Zoolog1sts seem to have avolded be1ng drawn 1nto the

e I
.:q,discont1nuous versus cont1nuous controversy yet are still

"_;perhaps most ev1dent 1n the 11terature on marine

"';_very much concerned w1th 51m11ar1ty questions Th1s 1s-

,-'-/
7

7‘1nvertebrate faunas where many stud1es have shQWn that

‘ fxcertain SpeC1eS of plankton can be grouped by their apparent'="’a'

OHdeltty tozpart1gular water bodies (examples in. Rottman,. i
! : K]

1978) The term'recurrent group has been co1ned for these faiellgf

| associat1ons of seem1ngly a}lred spec1es and the1r



~
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- recognition has led to a, new generation of analyses deSigned
l\to compare 51milar1t1es of faunas (Fager,-1957 Stephenson.- -
',1972 W1shart 1978) Although the controvers1es are not as -
"pronounced nor . the techniques necessarily the’ same,
'l zoologists are addre551ng essentially the samei?éestions as
ii‘:the botanists -are there recurrent groups and, if so are. ﬁ
-they correlated w1th particular environmental variables such f,

'»that they characterize a spe01fic habitat7

- The second line of research concerns structure Within 3

":'the commUnity and has been primarily the prov1nce of

zoologists Perhaps one of the greatest challenges 1n this

e area has been the Competitive ExclUSion Prin01ple attributed
to Gause (1934) Stated 81mply two speCies w1th identical
"”}requirements cannot CoeX1St 51multaneously in the same area.ar'ff

"-;pbservations on natural communities, however, often reveal

tfllfclosely related species living together in apparently the

;':*;same habitat Several mechanisms have been pPOPOSGd tO

fff7,explain this coexistance and the inherent effect on

‘°Ws7community structure Two of these competition (leading to

E utnatural communities,‘is responsible for

’”vfniche divers1f1catign resulting in the apparent compleX'

F;lniche differentiation) and predation (acting to prevent
'ffiicompetitive exclusionl. seem to generate the greatest
*icontroversy Some authors (e g v Pianka, 1978) suggest that

competition, although difficult to study and demonstrate in ﬁf;{”

fastructure seen 1n some communities Others (e g, Dayton et

1974) implicate predation as the driving force °g¢"



et

responsible for maintaining structure Menge and Sutherland

:(1976) suggested that competition and predation are | |

lcomplementary They predict that competition W1ll be the -
’-most important organi21ng mechanism 1n trophically simple ; N
'communities while predation Will be the primary mechanism inthe

h:_trophically complex communities ’; S . o »V

N Neither of these questions, similarity or structure.,,

.'l’.»

,:;are common in the helminthology literature but both have

ﬁfbeen addreSSeE to somg extent o e S
| One of the basic tenets held by most helminthologists

1f;ﬂsimilar to each other. with respect to their helminths, thanfﬁf n

«-\

"::to individuals of another species (Baer, 1951 Dog1e1 1954.]ﬂ L

"nijobleQand Noble 1974) Acknowledging this tenet, similarity{yﬂfy

:‘eitQUestions became more interesting when related and/or'fgf

’ .

i'}tris that individual hosts of the same species tend to be moretf-\

ecologically simila,yhosts were found to share some of the'af¥{7ﬁ

same species of helminths or when the same host species. hﬁ i

| sampled at different parts of its geographical distribution.;tf::5

exhibited little similarity in helminth faunas (Dogiel
1964) e L

: Perhaps the First to take a holistic comnunity il

| zapproach and to quantify their observations were Holmes and

fi'Podesta (1968) They foundfthe helminths of wolves to be

*isiba51cally similar ovenfa w1de geographical range while theffts;"

‘ ’thelminths of coyotes varied extensively between regions

}f}Their analyses suggesled that observed distributions of

"ssihelminths across these host species were eXplicable by theff;7 =



.wespective host’s'food.habits Ihis quantitative community L
.V‘-approach to sumilarity has been followed by some recent
| authors (e g y PenCe and Sell 1979 comparing helminth
f' faunas of greater and lesser prairie chickens Tymganuchu

'cugido and 1. pallid101ntus) Unfortunately, others,;”'-"

hs.addressing what should be 1dentical questions, have prov1ded@bfr’

ilittle more than spec1es lists coupled w1th prevalend%

i(e g , Bush and Forrester 1978 comparing helminth faunas
between different populations of white 1bis, Eud001mus fv _
élgg_) In short although many helminthological studies ﬁfli

provide ample data to address questions related to

f'i} similarity or diSSimilarity of faunas. few take advantage offsffhf

those data and an even smaller pPOpOPthh of those attempt ;}uth.

| to quantify their results

Cl

helminthological studies but authors seem to focus primarilyfﬂftf

on an 1nd1v1dual spe01es predilection for ChOOSlng a

spe01fic intermediate host or a particular location Within j;ff?ﬁ

the definitive host In effect the questions are again

”57 concerned w1th habitat selection and few authors consider fﬂﬁ‘c

: the synthe51s of more than one individuals niche preferengpif;.uv

into a’ community matritV

analyses

thus negating subsequent community 5(5j{

Drganizational questions have been recoqnized however : »”.L

(summarized in- Hair. 1975). and have recently led to foue .
divergent views-of community structure in helminths. Rohde

(1977 1979 and\references therein) suggests that the



'rh'_fav01d competttton

:f_.icommonly used freeltytng assemblages W1th wh1ch to

ltkely reason for ntche restrtctton is to 1ncrease -

'1ntraspecif1c contact thereby faCIlttattng mattng Pr1ce
(1980) suggests 1ndependent colontzatton by spe01allsts

| fadapted to- dtfférent hab1tats Brooks (1980) advanced the

- ’cyhypothes1s that helmtnth commun1t1es were 31mply coevolved

" Units w1th no. 1nteract1on 1n descendent commun1t1es None of[;l

‘l‘.;these authors cons1der 1nteracttons between specwes as ‘f S
:'t:ftmportant organtztng forces Holmes (1973) and Hatr and
\’c*:Holmes (1975) suggest that ntche restrrctlon 1s due to :
'}‘:;btottc 1nteracttons, the 1nference 1s that these communtttes s”t

“°yare mature and that n1che restrtctlon 1s a mechantsm to -

i[;{f’for ecologtcal analyses Helmtnth communtttes espec1ally
‘rlftfcommun1t1es of 1ntest1nal helm1nthS. have fOUP maJor 3

fﬁ:?}features whtch make them an 1nterest1ng alternattve to the .

7ffsi1nvesttgate questions on community siM1laPltY and structure;ffff
o f}Ftrst and most 1mportant 1s that they are conftned to a o
| l'astngle host lndivldual whlch provtdes unambiguous R

7f7;jboundar1es wtthln which 1nteracttons between helmtnth

“1§tanalogous to the use of 1nfrapopulatton for the populatton
:7;;_of a glven helminth specles 1n an 1nd1vidual host (Esch et

1975) Second, stnce each host 1nd1vldual provtdes a ey

Although some helmtnthologtsts have addressed communttyjfii

"fgfquestionsl none have extolled the benefits of the1r systems Wif}

"ffaﬁspectes are oomplete The assemblage of helmtnth spectes 1n'¥t'v“

"fffeach host can. be considered an 1nfracommun1ty. ln a sense f'v"”'



‘ "separate, 1ndependent tnfracommuntty. tnfracommunttles are ;_

”"}eastly replicated and features of structure or stmtlar1ty

’can be 1nvesttgated stattsttcally Thwrd one of the - truly
'-funtque features 1n these systems 1s the compleée lack of |
‘predat1on on or by,vhelmtnths W1th1n the host 1ntestine lff;'
‘5Menge and. Sutherland (1976) are correct thts should .ittrjfg--
’ 1ncrease the 1mportance of competttton as an organiz1ng o

'force Fourth a’ f1nal useful feature of the 1ntesttnal

"~‘fhab1tat 1s that 1t 1s a complex grad1ent w1th most of the

"-foﬁphystcal and chem1cal parameters changtng along the length tftt”

udfof the 1ntestine but generally correlated with the

PR I
SRS

"Tf?location A s1ngle envlronmental axis therefore provldes 'th}ff;

A;fffmost of the 1nformatton about the envtronment of an

V“v;f:1ntestlnal helmtnth (thts concept wtll be dtscussed more

?'”f{ffully later)

Cie

My proposal ts to examtne intestinal helmtnth

"ﬁwrtcommuntttes of lesser scaup ducks Aythx fftnjg (Eyton)

”"*fffNot1ng that "it there 1s no sUCh thtng as. B standard

”;{:Jprotocol for communlty anaIYSls (Inger and Colwell, 1977) f?ﬁfﬁ

f”7-de wtll address features of the two toptcs ‘that: I,have f:f’&f

',°‘" R s

f*ffjfintroduced above‘i's1m1larlty between 1nfracommun1tte§ and‘*fe*f

“55yﬁstructure wlthin 1nfracommunit1es Specifically, myqftrst

'ti:}objecttve 1s to look for recurrent QPOUPS °f helmtnths

’ﬂff;withtn the 1nfracommun1ties and to examtne s1mtlarlty

;V’uf?between 1nfracommun1t1es My second objecttve is to examlnelf'*:

ﬂffstructure w1th1n an average 1nfracommuntty u31ng actual

'3t';1nfracommun1tles as pepl1catas, and to looK %or 1nteracttons



'Uimportant to that structure I w1]1 generate many more

h»tfquest1ons than 1 w111 answer and hope that any conclus1ons o

T

”’reached are. reasonable cons1der1ng the 1nformat1on o
"f.;available Flrst however 1 turn to part1cular features of'-"”

i ' the" system on wh1ch my assumptwons and conclus1ons are

"5fbased ffi'993"5 .iﬁ_ﬂ”;kf':5i' ', s 's"ess-ﬂ"



. : *,Ilq The System | B

'It is not my intent to furnish a comprehensive review of -
' avian biology nor helmiqth physiology Rather, because of
".the unusual system, I swmply attempt a brief overview of the
“ysalient or unusual ieatures,,limited to factors important in |

";determining the natureloﬁ the community

And Mo tile Habitat ’f‘_;;;?

Lesser scaup are considered to be the most common

> . . i o :
‘3~;y;;«f:

* - an

“ff:diving ducK in continental North America (Palmer.v1975)

'ﬁlfﬁsellrose (1976) states that the breeding population averaged

89 mtilion betueen 1955 and 1975 with a low of just over 5

‘itfl;million in 1965 to a high of over 9 million in 1959. The

d;ffestimated wintering population in the late 1960“nmas on the

 order of 4 milTion. {Palmer, 1976). Data collected by the.

.;972q5United States Fish and Wildlife Service and made available

"7ffgfby the Canadian Wildlife Serv1ce indicates the estimated

"favlesser scaup population in Alberta in 1976 was over 1 7 Alffgifu

‘sffj; million "f??_ff%ﬁ{ﬁﬁ*r?“ffﬁggt*"f'

Lesser scaup breed throughout the Canadian Prairies and L

'5f§the nopgpepn Unlted States They winter principally along

?'tffgthe Atlantic and Pacific coasts of North America and the

iifilcoastal plains of the southern United States Although the

'ﬂf.diprecise migratory coaﬁjdors are unKnown (Palmer,_1976) 40%

'fhof the lesser scaup wintering in Maryland 29% of those in

ﬂlf;ﬂfNew England 21% of those in Louisiana 30% of those in '71

Sy

R



o under age two) raft-t

_‘Texas. and, 27% of those w1ntering in Caiifornia originate in‘rh
"?Alberta (Bellrose, 1976) " o | | _“
Breeding blPdS are seasonaily reSident males untii the'_ :
Tfemales are ‘well- 1nto 1ncubation, females untii several |
V-iweeks post hatchingo(Trauger, 1971 personal observation) )
| '-vSurplus maies and mosi:Eon breeding females (generaliy thoser.
ther and move between water bqﬂﬁes |

”(Trauger’ 1971) Lesser scaup undergo a post nuptiai molt ;?
'*'(duly to August for ma]es, early fali for femaies) rendering o
"them fiightiess for a period of at least 3 weeks (Palmer,_u&sf°
q~1976) This confines them to a’ particular lake much the same

‘ | ;as if they were breeding birds Thus, male birds stiii 1n h
‘:“{?pair bonds,‘female birds brooding, and non ilying mou]ting o ;f

‘3;;birds are on a iake a sufricient iength of time to be

'it}hfcons1dered reSidents As such their helminth communities ft

‘uffishouid refiect the dynamics of lesser scaup helminths in f"a7i

"*fnfthat lake Lesser scaup constitute an abundant and motile

:ishabitat but selection of seasonaiiy resident birds can‘tfﬁf e

-:df;minimize the problems assocwated with that moti]ity

The gastrOintestinal tract is without question ahé{fféfaf"

most favored S'ite for adult heiminths (Mettrick and - Podesta,:;;_“._:".;'_;".

7f'f31974) I have fggused my attention on the helminths found 1n]f{;}

””}Q;the 1ntestinai tract of lesser scaup My area of attention o

27Qif1s a discrete unit beginning With the pPOXima] end Of the

e



TR T 1

small 1ntest1nerand ending w1th the distai end of. the !arge
~ intesttne It has three obv1ou§\hnd distinct habitats |
sma]] 1ntest1ne. the iarge intestine and the ceca Ecotones
'-between these habitats are. narrow or’ absent |

| The smail 1ntestine 1s essentialiy an aquatic o
enVironment (Crompton, 1970) w1th 11tt1e turbulence

e -0

"(Crompton, 1973) In mammals. there is a gradient of ’
"proteins, amino acmds.-and carbohydrates along the smaii
v'{intestine (Mettrick 1971) Aithough this has not been as
im&carefuliy>documented data 1n Crompton (1969 1970) suggest
f‘ha 51m11ar gradient 1n ducks Predictabie differences in
;ffmucosal morphoiogy occur, i?Ch as - the changeiin size and

~ rumber of Villi along the intestine (Crompton, 1973)
itioveraii constancy and predictability of properties along the
f:tintestinai gradient are features stressed in the reviews by , |
3;fCrompton (1973) and Mettrick and Podesta (1974) The smali .;*[?3
r,ﬁintestine is- generaliy conSidered homeostatic by Read (1971)
htialthough Hopkins (1969) and Crompton (1970) suggest that 1t
ifimay be more stabie in the posterior portioh than in fﬁe ;
iﬁtanterior ROQers (1962) considering the genera] concept of i

1fffthe alimentary canal as an environment, suggests that the

ff;physico chemicai properties vary not oniy aiong the iength

tf"of the gut but w1th the distanre from\the mucosa as well

-y & R P

. The ceca of ducks are of the 1nte§,tnal type (i e ,,g.faﬁyjfj;
*iﬁcontaining 1ntest1na1 materials),.and prea’mably have a role F{f

thin digestion (Ziswiler and Farnera31972) The large

355;1ntestine functions primarily in water resorption and in f[&éf;;*”
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temporary storage of 1ntest1nal contents. with no apparent
role in d1gest1on (ZlSWl]eP ahd Farner, 1872).

The 1ntest1nal tract represents a single resource axis;

&

“i%"" the small 1ntest1ne is a complex gradient, character1zed by
Lo

¥

¥ cllnes of - phys1co chem1cal properties, while the large
) : : .

b

e intestine and ceca are relatively homogeneous.

8 ” |

e y

C}' x

e

‘< ’ Eggplattng the Host - Imm1grat1on and Death
| | With rare exception, the spec1es compr1s1ng the :
helminth commun1ty in lesser scaup are:. acqu1red by 1ngest1on”
of an 1nfected 1ntermed1ate host. It seems. 1ntu1t1vely '
S obvious, therefore, that the food habits o% lesser scaup‘are'
" of fundamenta) impor.tance to the development of the helminth .
,bcommuntty Early reportedon the feedlng ecology of leSSer
;scaup (Bent 1923 Cottam. 1939) suggested that they are’ c
ch1efly vegetar1an Although Rogers and Korschgen (1966)
reported traoes onVégetable materlal in all birds examlned.
theyhconcluded thatlanimal material is the-moet'importantf.
’\\' food souroe (see also‘thé:summapy in Palher,'1976). There |
o seems,littledoubtvthat invertebratee,“r 1nc1pally }'_
amphtpods are the most . 1mportant foodfon the breedtng
.ground BRogers and Korschgen, 1966 ; JOhnsgard 1975; 1979)
1»Not surpr1s1ng, Graham t1966)- Denny (1969) Podesta and .
Holmes (1870a, 1970b). and Halr (1975) found that ‘the

domtnant helminths of lesser scaup on Cooking and Hastlngs

Lakes, Alberta. cycled through Gamm g gg lacust rwg or
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5. ’ ’ . -

| Hyalella aztecg. two locally abundant amphipods.

For such helmlnths whlch are passively transported to
the host, chance 1s an 1mportant component in reaching a
hbst and contr1but1ng to the hdlm1nth commun1ty The ~l
legendary high reproducttve potentJal of-many helmlnths has
otten been considered an adaptdtion of these helminth‘ |
| species to enhance the odds for surv1val (but see . denntngs
and Calow, 1975 Fbr an alternative v1ew) ‘Recent studtes in
«both terrestrtal and aquat1c systems suggest that some |
intermed1ate stages may alter the 1ntermed1ate hosts
behav1or result1ng in enhanced predat1on (see rev1ew in
Holmes and Bethel 1972) Fac1litated transfer by the :
helmlnths 1nfect1ng lesser scaup has not been tested and it
is not known to what extent “if any, the lesser scaup
“helminth communtty 1s select1vely populated | ) -
: None of the 1ntest1nal helm1nths‘of scaup 1s Known to
reproduce 1n s1tu,-1ncreases in the fauna are strictly
through lmm1gratton of new larval stages On the other hand
once excysted in lesser scaup, the helminths cannot move or
m1grate between blPdS In effect, emigratton equals death |

In summary, the helm1nth assemblages observed 1n the ,;
birds sampled-reflect the balancq of imm1grat10n and death
- with 1mm1grat1on a function of - the feed1ng ecology of lesser '

scaup, perhaps enhanced by factlitated transfer



o

The Intestinal'Guilds .

My analys1s, l1m1ted to he1m1nths, includes

representat»ves from the Trematoda. Cestoda Acanthocephala,

and Nematoda I cons1der al] of the 1ntest1nal metazoa. in

- my system to col]ect1vely form three d1st1nct feed1ng

of

' gu1lds (sensu Root 1967) in that, regard]ess of taxonomwc '

pos1t1on. they explo1t the:same class of env1ronmenta]v Lo

resource by a similar fash1on W1th1n each gu11d

Trematodes have a well d1fferent1ated gut and are

generally cons1dered to be grazers, feed1ng 1ndlscr1m1nate1y

Lon host ttssue and/or blood and on . 1ntest1nal contents

: tRogers, 1962) Recent ev1dence (Erasmus, 1972 Pappas and

'Read 1975) suggests that a surpr1sing amount of nutr1ent f-

'fUptaKe occurs ‘through . the body wall much as in cestodes and
’:jacanthocephalans The latter two groups lacK a L
V‘”Rdifferent1ated gut and all are. tfue absorbers Nutrtents,"

"'1_constst1ng of small molecules from the 1ntest1na1 contents .

L ﬁ~or host secret1ons. are absorbed across the body wal]

‘Jﬁ(Rogers,v1962 Crompton._1973) Nematodes have a-Vi o
‘?{twell d1fferent1ated gut and feed on blood and/or t1ssue of
h”the host or on intesttnal contents (Rogers. 1962) The1r

“’5;cut1cu1ar coverlng appears to be 1mperv1ous to nutrient

Jz,}tuptake (Rogers, 1962) Thus there are four d1verse groups ofhf
:ffmetazoans feed1ng on essentlally the same products by
-thsomewhat dlfferent mechantsms The strict absorbers lack1ng 'f
A;.a gut (cestodes and acanthocephalans) the strict engulfers t»

’.posess1ng a well different1ated gut and 1ncapable of |



. absorb1ng across the body wall (nematodes), and the"

1ntermed1ary 1nd1scr1m1nately._engulf1ng and occa51onally
absorb1ng trematodes. ‘: ' P | |

, ] conclude that the fundamenta] un1t of th1s system is
a trophically S1mp1e complex composed.of three dIStlnCt

gutlds of helmlnths the 1nd1scr1minate engulf1ng

.4

7trematodes, the absorbing cestodes and acanthocepha]ans,'and

the d1scr1m1nate engu1f1ng nematode



'Il Study Areas
‘Collecttons were made from lakes in. three of the four btomes
"of Alberta (F1gure 1) Om1tted was the footh1ll mountatns -
v‘:_'b1ome where Tesser scaup do not breed regularly and are s
tt_mostly tran51ents Select1on of lakes was made wtvh'an

'lffattempt at max1mt21ng var1ab1l1ty (both abtottc and btottc)

'a_‘w1th1n each of the three rema1n1ng biomes

The southeast portlon of Alberta 1s an artd short grass

L pratrie Permanent water bodies are rare those that pers1st ,fA

o are generally man- made reservowrs Four lakes 1n the short

';7;Grass pratrie were ‘sampled. All were man made and all had f

‘i‘;essentially s1m1lar surround1ng land use predominantly

4

'ffflpasture wuth a. moderate degree of cult1vat1on Trees were

ftypically absent when present they were planted w1ndbreaks 7'

Cof shrub w1llows (Saltx spp ) along scattered sections of

,‘

fﬁf]the shore.,_-fff*57r . = RN -
- Aspen parkland covers a band 1n the south central

6

.r,éreglon of Alberta wldest along the eastern boundary and

"rfnarrowlng as 1t approaches the foothills 1n the west The

hf;,parkland effecttvely provtdes a trans1ttonal ecotone between

'*.fsthe pra1r1e to the south and the boreal forest to the north.,fejfx

:=‘*Trad1ttonally, it was an- area of alternatlng aspen groves -fT
l and- grassland although most of 1t 13 now in culttvatton or g
hf*'pasture It is characterlzed by large. shallow lakes small
‘fbsloughs, and ponds._Four lakes in the aspen parkland were
hm-sampled, all were extremely shallow. each w1th an average

' ~depth of less than a meter All had a belt of typlcal aspen



- Figure

'fSample Lakes 1n Alberta _l-Pralrle, 2—Aspen

75fParkland 3—Boreal Forest 4—Montane Half

"7 §fc1rcles 1976 SOlld c1rc1es 1977 Open squares—if]Vf T

‘r-f_,'.'1978 Solld squares 1977 and 1978
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. .

JusE : - - ) . S
o parkland along the shore vary1ng from a mtnlmum of 10% of .

"”fhthe shore at Fﬂeeﬁhghorse to a maximum of 50% at Dusty The -d

E rematnlng shorel1ne was e1ther in pasture or- 1n cult1vated t
) fields \_ R T S |
| Most of Alberta 1s boreal forest This area 1s

:{character1zed by a profusfon of lakes ponds. sloughs, and

1_¥jfmuskeg, generally differing from the parkland 1n having

"Liﬁrdeeper lakes and permanent small bodles of water Five lakesfhf

7*'3f:ln the boreal forest were sampled All were‘relatlvely largefdit

:7fhfand each had an average depth of at least 3 meters Three offwf{

"w;ﬁpiFthe lakes (Iosegun. WOlf,‘and Bistcho) were completely

s f?f"surrounded by boreal forest._the remalning two (Charron and-;}fﬁ

"*ﬁﬁp{respectlvely The area on Charron and Chlp not covered bY

»“fﬁiforest was in elther pasture or cultivation

Selected ablotlc features for each lake ere presented

»'ﬁtt.lpln Table 1
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o Tabie;l Summary of ablotlc featu;es of 13 Rlberta lakes s

B surveyed durlng 1976 1977, and 1978

Area"»;" Shorellne KVéI@Q@fS_Maximum»
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'_Hglminthglggx

A total of 45 blrds was collected from 13 lakes during ;tf"‘.

~”che breed1ng seasons of 1976 1978 Collectwons were vf[ f‘f:n

'“1nltlated on the southernmost lakes in mid May and

ryh,dprogressed northward untll the northernmost lake was sampled;f

177,:ln late duly early August Th1s destgn followed the breedlng*‘::ff

“sgchronology of lesser scaup and allowed the collection of l‘

"eor351dent b1rds on each lake Breed1ng females Were collected~fif .

hg,,ln prlorlty over other blrds, followed by mated males and

 asa last. resort moulting birds. All blrds used ih the

'”‘ffj{present analyses were elther breedlng females or thelr '””"v

3 0

"'Fgffmates with the exceptlon of one male from Bellsh1ll Lake

Z'thf*that was part of a trlo and one male moulter from B1stcho

.'"V;ffLake All birds from each lndivtdual lake were\collected

FagflfW1thln a- two day perlod and, on the larger lakes,'all were ‘di;fih

"4fsaffcollected wlthtn the same general region

Within f1ve mlnutes of death, the intestlnal tract was ;ﬁfff:

"ijw{1s°1ated by ty1ng at the juncttons of the glzzard small

'”Tffelntestlne and cloaca large 1ntest1ne The tract ‘was removed.“flijr

i“'*."*:.,from the carcass and arranged ln the bottom of an enamel panitri:*

"itso that no portlons of the tract overlapped The pan was

~then flooded with absolute ethanol which hed been chilled. tosi;Qjﬁ

1aasapprox1mately 70C by saturating the alcohol wtth blocks of fﬁfyﬁf

”‘ij[wsdpy lce The lntestlnal tract effectlvely frozen 1" less

'lﬁifithan 30 seconds was placed ln a plastlc bag. sealed and

:“v‘?jremoved to a cooler wlth dry 1ce The 1ntestlnal tract ;tf?{ff'
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remalned frozen unlll subsequent examlnatlon lhls rapld o
freezing ensured that not only would the helmlnths be

lf»preserved but there would be no opportun1ty for post mortemf .

_f'_‘migratmn of the helminths.

In the laboratory. the small 1ntest1ne was partlally

't ﬂthawed stra1ghtened and cut 1nto twenty equal sect1ons

*fl/Each sectwon of the small 1ntest1ne, the large 1ntest1ne,- ‘

"'-1ivial and returned to the freezer At the t1me of

‘and each cecum was placed 1n an 1nd1v1dually numbered 8 dram 5ih:

’-dexam1nat1on each sectton of the small(&ntest1ne was

. ”»T\V .

rfind1v1dually thawed in. saltne The contents were expelled

"ﬂ,*;the large worms were removed, and the 1ntestinal contents

,“-ffwere gently homogentzed 1n the sal1ne The sect1on was then::,nr

';“tgffsplit longwtud1nally, placed serosal surface up 1n a petr1;di;a

f:“’lfﬁdeSh w1th sal1ne and th1s surface\was then scraped ThlS

'b_f?procedure removed those helmwnths in 1nttmate contact w1th

CoAl .f 3

"_=;hfthe 1ntest1ne yet d1d not damage the spe01mens

The except1onally large number of helminths frequently,tfegf

‘”ﬂeencountered 1n 1nd1v1dual 1ntest1nal sect1ons necess1tated

"rlfifu31ng a d1lutlon techn1que When more than 500 helm1nths fﬂff;fff

| v’f&were found ina sectlon, the long or heavy bodled he‘ml”ths ?lflf

n'were removed and counted 1nd1vidually, the rema1n1ng - 1;?;ftf

i tfff;helminths and 1ntest1nal contents were poured 1nto a 100ml 'ff¥f7

"ﬁ';f;graduated cyl1nder Saltne was added to the cylinder to

1;'br1ng the level to 100ml the cyl1nder was 1nverted several lf[lf

:f7£;t1mes,,and the contents were allowed to Settle The

j*felsupernatant was decanted and the process repeated unt1l the,?f?"
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_supernatant was‘clear The supernatent frof all sect1ons in
the f1rst 10 blPdS exam1ned was. searched for helm1nths None
were found Thls procedure fac1l1tated helm1nth recovery by .v

: ;remov1ng 1ntest1nal mucosa ‘and detr1tus Follow1ng thls

V‘jprocedure, sallne was - agaln added unt1l the solut1on

| ,;egualled lOOml the cyllnder was 1nverted four txmes, and

;*{bhelm1nths in thlS 10ml subsample were counted and-

.10ml of leed solutlon was decanted 1nto a petr1 d1sh All

NG

'c_1dent1f1ed A second 10ml sample of mlxed solutlon was ;'”

L :ndecanted and the helmtnths in. th1s subsample were cqunted

o and- 1d nt1f1ed The results of the two subsamples were ‘

f:fcompared If the abundances of the most common helm1nths>,

L;Lfd1ffered by more than 15% (approx1mately 1% of the cases).;a;tb"

";th1rd subsample dhs counted Thls prOCedure was repeated

'iﬁ;?untll two subsamples wepe 1n agreement The sum of the

"?Ffffﬁagﬁlf

i b}esti?. t:abundance by spec1es 1n that sectron
| fere 1dent1f1ed 1n temporary water mounts
fuslpg'f( }ffphase contrast mlcroscope at;600ﬁ '

Permanent preparattons were made us1ng

AspeCles of small hymenolepld cestodes without

"3bf1*pr1or knowledge of 1nternal anatomy obtalned from temporary_ﬁibff

‘f7fvwater mounts Nematodes and acanthocephala were 1dent1f1°d

"‘s{fas temporary mounts cleared in a 1 1 mixture of lactophenolfgff?

'7ffand beechwood creosote

'”two samples was then mult1pl1ed by 5 as an.ffff

ey o

nlques and a var1ety of sta1ns However theseﬂtans

e were found to be 1nadeQUate for 1dent1f1cat1on,j”ffﬁ
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Estlmates of Lake 81ota A", K_ BT

Although t1me constra1nts d1d not’permtt a

comprehen51ve btologlcal survey at each lake attempts were

””%i:-made to obta1n sem1 quantttat1ve esttmates of 1nvertebrates
| and. ftsh Invertebrate samples were obta1ned from d1p net
.A‘samples taken in vegetated areas both along shore and |

liu{;offshore -The number of samples taken _was in an 1nverse
‘-f{proportton to the number of amphlpods odtatned the fewer_l
hfl,flthe number of\amphtpods 1n 1n1t1al samples, the more :
b {extens1ve the sampltng effdrt Invertebrates were’ also
*thcollected 1n se1ne samples taKen An vegetated areas along
| ‘t shores and 1n a dredge sample of approx1mately 2 meters
;ﬁl;g#taken offshore 1n deep water Ftsh samples were obta1ned
o From se1nes, glll nets,‘and mlnnow traps Selne samples werefu'
:sﬁiztaken along shores,h1n both vegetated and open areas,athe
1"ffmax1mum depth sampled Jn each laKe waSQapprox1mately l |

"55§fmeter A 51ngle gang of g1ll nets composed of 45 meters

'I'fgf:each of 2 5 5 7 5, and 10 cm mesh was set overntght for aﬁs;”»

’:.f“51ngle ntght on each lake w1th the exceptton of stocked

‘*fgilakes or: those support1ng commer01al ftsh1ng Nets were notuffgtf

"*75tfset 1n parkland lakes due to their very shallow nature Twop?fffﬁ

’°-?gm1nnow traps were set each n1ght for 3 n1ghts In lakes ;&:’ﬁz%ﬁd

"5t7fwhere gtll nets were set the traps were attached to the

"fffijgnﬁg of glll nets for one overntght set on the rema1n1ng

UT3two n1ghts, and all 3 ntghts on other laKes, the traps were'f°fa*

"'fffset in shallow water Table 2 presents sem1 quantltatlve

"'55¢r;data on: 1nvertebrate collecttons and ftsh collect1ons for

AN

=,f>7g*~ S
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- each lake sampled. |

Estimates of Waterblrd.populattons were made from
repllcate transect counts conducted at the same time on two
consecutuve morn1ngs Counts were made. from a 19 foot
fre;ghter canoe‘<1nflatable Zod1ac on fly in laKes) equ1pped'

s Y
with an-outboard

tor mov1ng at approxlmately 5 - 7 km/hr .
Each morn1ng, a trangect was run along shore, through weed
beds" when encounter , for approx1mately 2 - 3 Km. In those»
lakes where waterblrds W rRe rare, the entire lake shore was..
counted When the shore tra sect was completed an open
. water transect was conducted On smaller lakes the largest
expanse of open water waS\surveyed on . large lakes.
| approx1mately 2 - 3 km were surveyed The same transects
t‘were surveyed a second morn1ng and the results of the
o surveys were averaged to determtne the number of each ‘r°

V“spe01es of b1rd per k1lometer on each lake Occaslonally,_

elater work on a lake revealed the presence of a spectes not R

' detected dur1ng the 1n1tial survey or a greater abundance of';
a spec1es than suggesteg by the transect In these cases,‘s
_the rank of abundancésof each b1rd ‘was subJect1vely -
re-evaluated to reflect the addltional 1nformatlon Tables 3
,and 4 present compartsons between lakes based on the |

. numerical abundances and on subJect1ve;ranks~respect1velyh‘

‘Analytical Methods” . - o~

- This brief section includes general~methods_pertinent
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”to most of the theSts SpelelC methods and. thetr

71nterpretatton are 1mportant 1n later secttons and w1ll be .

, fdtscussed whenvflr'" s

'Fllﬁe"large's1ze of my dataset required some fopm of
summartztng stattsttcs U31ng 1nd1v1dual btrds as>;gy;5j*§"”

".repltcates, 1 chose to use means,‘standard dev1at1ons,. “dfz

-*ranges for that purpose For describtng the dtstr1button ol

}7?a populatton along a grad1ent I used the locatton of 1he

"t?median 1nd1v1dual and the antertor and pOStePlOP end POl”t'

'1f{f20 equal sectxons,.and s1nce the exact locatton of a

:=f:;populatton s f1rst or last 1nd1v1dual w1th1n a sect1on could

;33{,

?DQLJOf that d1str1but1on S1nce each 1ntest1ne was d1v1ded 1nto ?;;t

5thfnot be determtned the populattons were assumed to begtn and |

g end in the mtddle of the ftrst and last sect1ons Of

| ﬁ;foccurrence respecttvely Th1s allows a maX1mum of a 2 1/2%

?errorxof exact locatton

Test1ng for normaltty W1th1n the dataset was d1ff1cult :

tdifjl attempted us1ng the Kolmogorov Smtrnov stattsttc and

'r]measures of skewness and kurt051s The results from any of;? :5f

’w"these tests were 1ncon51stent and dlfflcult to mterpr‘et

ge;For example how far can observed values dev1ate from zerof*-
ijhwhen testtng skewness and/or kurtosis and st1ll be }

hii°°”5‘de”ed reasonably normal7 For that reason, all resulte7yf_fh

w

7ﬁiﬂwere tested w1th the approprtate non parametrtc stat1st1q§}t,fh“
. All general analyses were done using the programs 1nﬁ§{5

'.*ihMIDAS (Fox and Gu1re,,1976) Cluster analyses were done

us1ng Clustan (mshart 1978) Clustan w1ll not read data

T



ff_f\les from MIDAS but w111 read SPSS flles SPSS w111 read B

hnaMIDAS f11es, therefore SPSS was used as .an’ 1nterface

.ffbetween the two systems No ana]yses were performed w1th

7ftsP$S Unless stated otherw1se 5% was used as the acceptable_d’

| fﬁlevel of s1gn1fxcance for al] tests

Na
Flnally, notlng Connor and Simberloff’s (1979)

5?fhadmon1t1on ”You can t fa151fy ecoloQical hypotheses w1thoutl€3!x‘

'}fidata"ﬁ_l 1nc1ude 1n Appendvx 1, a complete 1ntest1na1 data

:”ftmatr1x for each b1rd used in thls study FPON these»iﬁ7;j7ﬁéfyiiﬁ

;ff}matr1ces, all of the data presented 1n the followwng
1ffwana1yses can be generated SRR



_ - V The Helminth Fauna |
"Forty five birds were examined three from-each lake except :
-”Fieeinghorse and RattlesnaKe The 1nitiai three birds

; coliected from Fleeinghorse were unique in their overall low-

?*‘ﬁ;’number of helminths and an additional three birds were ;fizﬁ

";coliected and examined Three birds were sampled from

’ff[Rattlesnake in each of two successive years, 1977 and 1978

ﬂi“ﬁ;,5ievels making collection impoasible

‘fff7f{spec1es of intestinal heiminths, representing over oneﬁﬁi%j:;nfi
"1*f}miiiion individuals.‘was found. At the individual host}%ﬁf?i“”'

'C'tffievei there was a mean of 22 231 individual helminths per
"k..‘»-'v;helminth species per bird (s ? =4, ;range=8 to 28) Seventeen
gve_speciee were sinqletons occurring aa single individuale in

" one bird, all were. immature and none could be identified an

- 5these were mature and couid be identified others were

'f'*ifimmature and 1dentification could not be made. Appendtx 2

'ieh]umost purposes. except where noted, the dataset has bpen fﬁﬁ!j*ﬂ

3QfAttempts to get repiicate sampies for other lakes in 1978

'ﬂgere thwarted by iack of birds or exceptionaliy iow water

Summed across ali host individuais, a total of 59;#3f7fsjm
hl;bird (s, d 24 816. range=81 to 108 477) and a mean of 14

vrfadditional 13 speciea occurred in iess than 5 birds Some of

‘.i;provides available taxonomic data for these 30 species F¢fﬁhtf

| nhjreduced by eliminatinq these 30 species. o S ;

; Table 5 presents data on frequency and abundance for :
c}tali species occurring in five or more hosta Several E

;fjiiclarifications are necessary The only identifications made



: ¢
<

L 0TFST

T eTsse

ﬁwwauwm
e e oy

. 83€T

m.quﬁm_nmﬂ+w~

 HH+nm

._.waﬂmm
;mwwww_;
STFBL -

.~_»mmm~.m.mwx.

. ETFCS -9T+0E

qu_mﬂwww_uma+m~m
ZTs6E. —0T70T
w_,WHﬂun.rmWWNH,,

- sTIev rﬁwwww

_;m aa+¢w

u@m.umﬂmyl

@m%uwawMMWHMmme#ﬁh

.H_a.nww_.mww.NHﬁ

S 16vIEBT | zE

S

Hmm+mﬁm ;mwﬂ
n-+mHH

mma+moanmmqn

-

mumnmdmao maumaaﬁmmom

.m@mmmr&;ﬁ mm_,ﬂmmﬂﬂmuumm

mmﬂﬂouhhm muuwaﬁﬁﬁumm,“

MHMPHSU&H,«NM

Addﬂdnuxw mﬂHo&HHNUMﬂm

- ...o .

mﬁﬁﬂomum :oavuumlm

, NﬁL

J ﬂﬁd&ﬁnumeHUHE mdmwﬁonmshmj

¢mr..am¢;<u.;.mm u manzﬁonn_

Eb#ﬂbhﬁumu aﬁdnmhummondaomy

.wy @wv_am_w~‘.mm mammaonmsmm.

mdudaoﬁvmmw I&WWﬁuaﬁdhm

" 3o sjurod puz

~ uoTaInqrIASTP

wmfa%Uﬁwnﬁﬂ

asleMMvmlJ

. sorosds yautursn

-y

e @wUﬂHUGH w@uﬁn wHOE Ho 0>Hu ad mﬂduuzvoo mvdommm hﬁdo a.mﬂmum wame uﬁnvm
| mv EOHM wwdowmm aundsﬂwn wo Aaw

cmeVCMGOAUQndHumAv HmcﬁummunﬂmuucH ..m wﬁnma




37,

L eTEwe

o TTRLE

M.ﬁ.ﬂﬂHNNH
_uwwva

w+HH

._.~H+om., z Lz

mmmHNH  mWWMWN_WVL@Wu

9TFLT" T¥89 - LTILT.

-H.l..u,..m,. ~__,w_anmnomMu_,»m¢
61322 S .ZHU_W_wwﬁmemw.m_u_

WBH+mm

%@Mﬂmﬁn

umma+omma _@omm

nnﬁoa+mwwn -

%upuv@hyWWww:WAnquﬁaﬁ

B T R v 3 STOIOTA -

m ¢w;A8§uOﬁMumuo0.Msdwonhuous

_mﬂmwmm»m.ummmwﬂfcmmﬂmumbbam

._vmmwm_wmwutuw@@ deﬁHME(w:anOEhﬂom@.

ﬁummwmumuuumu mm

Awmwﬂmwmmnﬂw .. uaoamunwawmsunamuou.

mpauuonm“.m;_

mew.cmma%m .mw ﬂ wdauuodeOﬂ_

__mmﬁHu.s,w»uw..uwﬁmm.,agamorw

o emwEm

_mmf_aJWmaHMQOHHdooadml mm

- | H Omm m-ﬂmwﬁgam o ;

i

" serosds’ yauruism

vﬂMsz.N uﬂWﬁm W:M ;H.¢uﬂmfﬂﬁmﬁ%ﬂwﬂﬂﬁﬂﬂw.MMW_NW;WWm% AﬂWﬁﬁWU%m0W

 wmwmmAn¢HH




38

;p¢; , u:aom amw@mE msu mo amvuo mn maﬁmaucwdvmmmwmumaa wum wmﬂuwmmwm*w

mﬂu;4mq ﬁm@4m~_@»anmu :u %ﬂ Umwzaoca uoa ST, vdm mmomo mnum

d.

:p_OHﬂom_wzm%vh_ L oTFss

e :

£300T- 83TL° 5706

mﬂlmﬂm |_

ym: _wwﬂ.Mw mﬂOAHucmoxw masOHOAQm

T

mascouoo macmmuocmuuaam_

30 suTed pug . werpen

semnanige aa N w0 ssotbeds yairuren




v

39 -

1.w1th confldence are those that were descr1bed from North i
' _?Amer1ca Specues or1g1na11y descr1bed from Europe and A51a'tt
”'Jn fact may not be those spec1es Denny (1969) found’
nslight but cons1stent d1fferences between spec1mens he
5called H tuvensts and the or1gtnal descr1pt1on In the /
4"current study, none of the spectes matched the or1g1na1 "«

. descr1pt1ons exact]y, but all were very c]ose, there appear‘

’"bﬁto be s1bl1ng speC1es 1n North Amerlca Thls has no beartng

vf_on the current analyses w1th the excepttoniof 1nterpret1ng

'"V-§11fe cyc]es of species descr1bed in Euras1a The llfe cycles f~

“4;:of spGCIeS determ1ned 1n Eura51a cannot be con51dered the

:"fﬁﬂﬁsame 1n North Amer1ca unless subsequently ver1f1ed

'”fyfuture reference spe01mens of a]] spec1es wh1ch were SEON

ffTjS;abundant enough to save are depos1ted 1n the USNM dtf- tjit;t

-%7jHe1m1nthology Collectlon (Nos.. 75915 75934) and the

-fﬁ)];;UApc) (Nos.- 10372- 10387)

‘bjUn1vers1ty °f Alberta Paras1tology Collect1on (hereafter,i_~~

The commun1ty 1s dom1nated by the absorber gu1ld wh1ch

tffcollect1vely 1nc1udes all of thetcestodesuand

. ,/~.

idr:facanthocephalans Over 96% of a&l the 1nd1v1duals fall 1nto

e .ffthts category The 1ndiscriminate, engulfépg guild 1s a

.:7\'3-

'}fftncludes four species of trematodes As notedsearlier,

?d1stant second (less than 4%) in numerica1 abundance and byﬁf

':fﬁfabsorption across the body wall has been demonstéaied for

1%l¢some trematode species and, as sucn they may act

3-fbbfsecondarily as absorbersf Even 1n these cases however,-

'*'iffengulftng appears to be the predominant feeding mechanism
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and .the d1st1nct1on between the true absorbers and the
trematodes appears Just1f1ed A final group is represented
by a singTe spec1es of nematode and accounts forless than
one half of one percent of the total 1nd1v1dua1s The
?eedtng mechanism of this partlcular species 1s unknowd

however other 1ntegtinal nematodes are generally

d1scriminate feeders, either on the host or ‘on 1ntest1na1

. contents. For the present purposes , Q pillaria gbstgngtg is

‘ coﬁstdered to represent the discrtmtnate engu]ftng guild

o



| VI. Faunal Stm1lar1ty
Wheri exam1n1ng questtons on faunal s1m1lar1ty, three
features are of 1nterest 1) the relattonshtps of the
species 1nvolved 2) the relat1onsh1ps of the hab1tats‘(or
f'hosts). and 3) the relat1onsh1ps between the species and the '
.hab1tats In addre551ng faunal s1m1lar1ty, I ‘use recurrent |

Agroup analys1s (w1th some added stat1st1cal analyses) for

1), cluster. analys1s for. 2), and prtnc1pal components and

rotated factor analy51s for 3). o
Recurrent Groug ',-‘ , .
Lawlor and Smtth (1976) suggested that most natural

ljf”commun1t1es are not arbitrary collecttons of spectes but are";r“?f

’tassemblages of spec1es that have ex1sted together a.

suffic1ent per1od of time for each spec1es to adapt througﬁ'“"

natural selecglon to. each other Presumably, the longer and'__f

- more frequent the asSoc1at1onebetween spec1es,_the greater~7
“the degree of co- adaptat1on Repl1cate samples should
" therefare exh1b1t a range of patterns from common |
co- occurr1ng spe01es with abundant ind1v1duals to rare L
51ngletons Fager (1957) con51dered these do- occurr1ng
spec1es as recurrent groups and suggests that these speC1es f
‘whtch are a nearly constant part of each other s “,fﬁc.ﬁ*if[f'f
';env1ronment may be lmportant in understanding the abundance(f

and dlstrtbutlon of spec1es Fager (1957) 1dent1f1ed the R

maJor problem in reCUrrent group analysis as betng the f'
' a.".’ ‘- - 0 ) ’

41
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determlnatlon of these groups by a. procedure whlch can be j’
repeated The most frequent and least frequent spec1es are
: obv1ous w1th1n a study and can be selected w1th little P
'-fdifficulty (e g, Bush Holmes, and Humphrey,,ms) It is the
f1ntermed1ary spe01es which cause concern | '
'ifr~ Fager l1957) reviewed the various grouping techn1ques
'noting that none had proven sat1sfactory in general use and
suggested a new technique »u51ng an index of aff?nity and a 3

_ series of precedence tests to determine recurrent groups

' w1th1n a series of samples Thts 1ndex is based solely on

\

: presence/absence data In Fager 8. words T, 1t seems best to f»:'

L]

T base spec1es groupings upon presence and absence alone and
' hfﬁto COhSldeP abundance relations w1thin such groupings after |

ffthey have been determined" B

D

'&{;s, Once the recurrent groups were determined Fager
‘ suggested a variety of tests appropriate to analyzung

fh relationships w1th1n groups Two of these dominance and ff-?.

'n'“correlat1on, are particularly useful When applied to

r;species ranks w1th1n samples, Kendaﬂl s (1955) test of
‘7;{concordance gives a measure on whether the dominance
"ﬁ relationships between species are constant over the samples
i “iAn F test can be used to determine the sign1f1cance of the
1lconcordance value The correlation between species pairs
niwithin groups determines whether spec1es abundances vary 1n
h'concert 1ndependently, or opp051tely Fager suggested the
"use of Kendall's tau w1th an associated t test to determine

"°‘correlation and the significance of the correlation

LY
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| Fager and McGowan (1963) mod1f1ed the earlier 1ndex of
‘aff1n1ty to 1ncorporate the geometr1c mean of the proport1on

-'of Jo1nt occurrences, corrected for samp]e s1ze Hayes T,A_

_(1978) has shown that the Fager 1ndex errs on the o

. conservatlve s1de and one m1ght place oy cons1derable .

»s. conftdence 1n the real1ty of recurrent spec1es groups that

are der1ved through 1ts app]tcat1on

Recurrent group analyses have been used successful])

’for a w1de var1ety of faunas rang1ng from mar1ne zooplanKton.;f”'

(Fager and McGowan. 1963 Venr1ck 1971 Rottman.,1978

McGowan and WalKer,_1979) to demersal f1sh (Fager and B 7h§§fait

;;aLonghurst 1968) and even to plant associattons (MacDonald
1975) To my Knowledge,_thts potentta]ly USeful techn1que

AL ,
has not been used as a pre11m1nary screening techn1que for ‘

| ’helminthological data.

‘:[‘ ecurrgn roug' of §1m1nth in _gggg_ §ggug
S The 1ndex of affinity (Fager and McGowan, 1963) was di'"'

n_mhused to examine afftnal relat1onships between speci%s patps o

'lcof 1ntest1nal helmtnths of lesser scaup Only the 16 most e

~t“frequent1y occurring specfﬁ% were used 1n the analysis

"_vbecause the number of joint occurrences between a rare
’ T

=

‘3,dspec1es and a common species cannot be a significant

'vfproportion of the total number of occunrences of the common_ig;5y

f;species If the rarer spectes were 1nejuded 1n the analysis; f't

x'ione might conclude that they show no affﬁnity w1th a common f*“fﬁ

et . -.:—_\1.. .



spe01es even though they may always co -occur . / |
Figure 2 summartzes the meaningful affinities (1ndex of

affinity 2 5 Fager, 1957 Fager and McGowan, 1963

Venrick‘ 197l~ Rottman 1978) between all spec1es palrs for tliee

| the 16 spec1es used in the analy51s Only one recurrent

group, containing 10 specwes (H sp1noc1rrosa H abort1va.~

gus1ll , H tuven51s,-£ fa501olaris, R Qittaluga

coronula P marilis.yA grac1lis, and Tuven51s g) can ‘be

formed Thls group contains two components 8 spec1es of _ ?;_ '/fi

i

hymenolepid cestodes one acanthocephalan and a trematode;?;;:r;;;

Four of the hymenolepids (and possibly Tuvensxs A which

never matured and could not be identified w1th certaintylapii;fff;

‘Ia_are closely related members of the subgenus PR

~lgros acanthg_. Six of the species §ginogirrosg._H

_.Q__._b rti_va. H p_usj__].a H. vas_sis B n.it.ts.lym and P,

a i is are specific to lesser scaup Tuvensis A..since it

“never matures cannot be considered specific to scaup The :j;fa,ﬂ«

& remaining three species are widespread generalists The

remaining six of the 16 species originally used in the
analysis are all associates of thia group. showing ,
significanfﬁaffinites to all (or most) of the recurrent
group members,.but not to each other These associate g

species do not form secondary groupings. ;.1if

Kendall's l1955) coefficient of concordance suggests (

the relative abundances between the species in the recurrent

group tend to be constant over the samples (p< 001)

Unfortunately, this test can only be applied to thoee ftt];';“~”'
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o

Trellls dlagram of the 16 most frequent Spec1es‘

used to test for recurrent groups.u.Ah'"X"*"

o 1nd1cates a spe01es palr w1th an 1ndex of e

afflnlty > 0 5. Spec1es arranged by frequency

of occurrence.{’e

U Hm
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W“¢e;,corre1at1ons would 1nd1cate that an 1ncrease 1n the Shef

je—s _.—-v"

' samp]es 1n whlch a]l ten spec1es co occur (9 of@45)

Therefore, 1t seems more 1nformat1ve to exam1ne pa1rw1se R

| rank corre]atlons to def1ne re]at1onsh1ps between spec1es

Patred rank correlatlons (Kendall’s tau) were examtned ‘*_};

between a]l poss1b1e pa1r comb1nat1ons (105 pa1rs) of the 16‘:j
spe01es used to test for recurrent groups All of the s

corre]at1ons were p051t1ve That there were no negat1ve

abundance of any one spec1es was never associated wtth a
correspondtng decrease 1n abundance of a second spectes
Further examination of the postttvely correlated var1ables
seems warranted as they seem to be respondtng 1n concert

Thirty one of the 105 possible combtnattons,-tnvolvtng 14

spectes were signtftcant at p< 05 (thure 3) Thts suggestslﬁff

that 1" the maJority (74) of the patrwtse ccmpartsons._theV'
species abundances vary 1ndependently of each other F1gure~§f

4 presenxs a diagrammatlc relationshtp between the 16

species based on the magnitude of thetr correlattbns, Soltdjfuf*+

1nterconnecting lines are correlattons stgntftcant at

p< 0001 dashed ltnes represent other stgntficant

correlat1ons Stx species 1n the recurrent QPOUp (H "”;f.;jfiq

§ginggtrrgs ggggttva. H gggillg F fggg Q]g g g
gtttglgg and mgrjltg) are not on!y regularly o

co occurring, they are stgniftcantty 1ntercorrelated as

well Note that two species. E _gggg_gtym and D ggggnulg
are not correlated with aﬁy other spectes Another four “

spectes, A graci]i Q gg g gg ﬂ _ggun;gtg and H



'“fiJ(Kendall s tau) between the abundances of the.f«ﬁLx[ff,k

:”efl6 frequent spe01es._fﬁ'"*" represents a .;fff;fx*!"

'FfffELQQFet;3;ifTrellls dlagram Of the rank correlatlons

e

fcorrelatlon 51gn1f1cant at p<0 001 "l"#n

nﬁerepresents a. correlatlon 31gn1f1cant at

'«{~p<o 01 "'"+" Slgnlfles other slgnlflcant

“jfcorrelatlons.e,h“'“"
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erbetween the l6 frequent spec1es.; Solld llnes

o e

'gfiDlagram of the 1ntercorrelat10ns of abun%@nce

'»fempha31ze very hlghly 51gn1flcant correlatlons ;{ffv;;n*
t’of abundance (Kendall s tau) = Dashed 11nes are

a.j& hlghly 31gn1f1cant and 51gn1f1cant correlatlons.‘;hfh:h

/o

‘tffSpe01es codes are the same as those 1n the‘&ﬁffffl?fﬁi_ﬂ

legend for Appendlx l See text for further

%

dlscu551on.‘
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‘. m1croskr1ab1n1 share at most correlat1ons with two other v

~spec1es The rema1n1ng spec1es show reasonably good

1ntercorrelat1ons and 1nclude two spe01es,'_ Kr]abin and ﬂf,

- 'C constrxctum that are not a part of the recurrent group

T’fdPerhaps the most 1nterest1ng feature of th1s dwagram is the

o exceptionally h1gh 1ntercorrelatlon between H ginoc1rrosa,'t"

:"ﬂi abort1va, and H QUST]] A1l poss1ble comb1nataons of

;'these spec1es are correlated at p< 0001 Another two spe01es"l"

'7l;combinatlon P mgglllg and H tuven81s share this '

t'ffremarkably h1gh corre]atlon The magn1tude of these ,ffl'

'“f;correlations suggest that there may be an underly1ng factor ‘,f

J'Eﬁor two factors (one for each group), responsible for these

: “djfyp051tive correlat1ons

Fager and McGowan (1963) and Venr1cK (1971) used

‘M*”multiple regress1on analys1s to exam1ne relatlonships-f?:feﬁq'ffi-

""VLj:between members of recurrent groups and the physical

"7f}env1ronment Unfortunately. two of the pr1mary assumptions ffff;a

"vﬁffffor regress1on analy51s are that the data be normally

J 'f;;‘d1str1buted and that the 1ndependent var1able be measured 7ffj3fi

"’7'-f'_-,’.,:without error (Sokal and RohTf, " 1969).. Nei ther of these

Q'ﬂtfgiassumptions are val1d w1th my dataset Therefore i have

'it?agaln used rank analysls (Kendall’s tau) to examine

_ ’fdlrelat1omsh1ps between the members of the recurren& group and

”fhﬁ:correlations for thls purpose Since 1 had three

BRES. selected features of each lake Other recent authors (e g '*fnf:?i

~";‘-,:"‘-.:Rottman..1978 McGowan and Walker 1979) have also used rank f?}lf

\,;

viihf{fobservat1ons on helmlnths from each lake (six from




.*ﬂvFleetnghorse) and only one serles of observat1ons on 5

“~.f_selected features from each lake. 1 used mean helmlnth )

"abundance by species, as . the vartables to be exam1ned for _"A

| *p‘correlat1ons Table 6 presents lake varlables used for.

"'}‘correlat1on analys1s Not all of these data were collected

:;at Iosegun Lake and 1t 1s not used 1n the analysis The

‘”tu1nference betng suggested here 1s that some parameters, SUCh}‘

_tas those related to water qual1ty, may 1nfluence (pos1t1vely}hf”

) or negat1vely) the populat1ons of rnvertebrates (which are ;:g

"‘ﬁ.tntermedtate hosts ‘to thd&helmtnths) and, subsequently, th_glﬁ B

*xlhelm1nth populattons Other parameters, such as the fff.i

_)

'7“compositton and abundance of the avian fauna may be

‘f5:1mportant in’ that they mlght act as addltwonal hosts for theff=‘

ﬂ. ‘f]y;helminth speC,g§~thus 1ncrea51ng local population levels

Correlat1ons between abundances of helmwnth species andtf}ff

"'°<?ifthe abundances of bird spe01es were very d‘ff’CU]t to

‘wftgk1nterpret For example the abundance of H sg1n001rros wasfftff

7”f:jifpos1tively correlated w1th the abundance of red necked

_ypfiﬁgrebes (___lggg_ gglggggﬂ_) and goldeneye (Buceghal
thffglgggul_) and negatively correlated w1th the abundance of

'“f“fa5p1ntatls (Anas acut ) This specles of helm1nth has never

';fff:f;relat1onsh1ps

: fﬁlff&been reported from these hosts and I cannot 1nterpret the ;;if’”“

The relattonship between the rema1n1ng parameters an'~%f?7?f

'<f}“the rank abundances of the recurnent group Species f“e.naf;ijgfg

l




© g

Acﬁ;;ivated shore (%) s ‘PhOSPhate, | .

~

Table 6. Biotic and.abiotic variables measured at each lake.

o . : . N

;/;//////Birds per kilometer'
Mallards ' Ah""v o ;'Cdots
ﬂ ) Eared Grebes '
» 'Hofnéd Gfébgs
Gidwalig Western G:ebes;' ,
ﬁShovelers S ‘_‘Red-hecked'crgbgsv |
Blue-winged Teal 'Pied-billed_Grebésu
Gfeen;winged Teal | &_‘CCoﬁmoh qud;
Lesser Scaup S l_ -f‘_-,. Doubie—crested Cdrmo;anﬁs
Redheads 1°_ . ";'Aﬁé; 'Franklln s Gulls |
Canvasbacks ~ | *'> fh T<EWh1te-headed Gulls (1ncludes
White;winged~séotéré 2 . unidentifiable gulls)
Ruddy.ducks - ; | - i'Bo?éfparte's Gulls
"Buffleheads “ | : .‘to§a1 débblef§ ‘
Capada Geese | AU total divers
Goldeneyés T .i’ ~ total ahéerifdrmes
" Lake pérameters
ageav SRR | 'f o 'cénduct1v1ty o o
mean depth  ' v | total dissolved SOlldS/
-maximum depth o : ) ‘1“-hardness

shoreline development factor. oxygen concentratlon

pésture{(%)» o ﬂ}; IR nitrggénv

3



Table é.‘-(continued)’k"

3

. . a

- S Lake‘parameters'(continued)
forest‘k%) ’ﬁxl AR " sécchi_di§§f;eadihg,
© o pH

Biotic features - ranked"abundances

‘gastidébds '  o S ';submerged vega.atlon;

';pelecypods f'> T ‘iemergent vegetatlon»
‘.amphipods""-: DR :Jplankton' :

iﬁse¢ts B | f:;_f_  , . predatory flSh

ﬂ chi:ohomids - 5;7. - ~_. 1benthic fish
quéﬁe fish T  ¢ ’  jfr{« __'; 

Yo : IR
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tA

significant at p<.10 as an lndication‘Of the trend of the

“’relatlonsh1ps Even then, there are no constant correlat1ons '

Q(Table 7) This may s1mply mean that the\observatlons made
. at each lake are. not 1mportant to the 1nvertebrates, the
appropr1ate observatlong,wegglnot made or even that the
observatmons made were subsequent to the host becoming
“hl1nfected and are_totally unrelated to cond1t1ons current at
the time the 1nfracommun1ty was developed ThlS ratlonale .

‘"notwlthstandlng, there are. some correlations that may be of

t'1nterest ymgnoleg1 g1n001rros H_ abortiva and H

’.“';guslll are negatlvely correlated w1th some parameters _,."

"fnusually assoc1ated wwth productiv1ty of a laKe (hardness andl.‘g'»

efﬁconductlvity) such that h1gh values of these var1ablesl'f.*

‘:_1nd1cate a eutrophlc,system The correlat1ons suggest that |

rhas the lake becomes more eutrophic the relatlve abundances

of these helmlnths decreases. Remembertng that these three

| species were hlghly intercorrelated eutrOphicat1on may be ag¢>'r;'

:.factor respons1ble for their apparent relationsh1p s
s..Furthermore these spec1es were all positlvelytyorgelated
| (p< 1) with oxygen concentrattons Since oxygen - |
| 'concentratlons decrease under eutrophtc condlttons oxygen

”fconcentrat1ons may in fact be a slgniflcant vartable

T

ersistgnc tabll1ty of Recurrent Groug Sgegie

If recurrent groups represent coevolved species one

'might‘predlct that‘they would show persistence stab1l1ty:'
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1 (sensu Margalef 1969) Exam1natlon of recurrent groups for

\ ~.__.

n.fpers1stence stab1l1ty by repeated 10"9 term sampl1ng has ”Ot

"V';prev1ously been exam1ned Data from the current study,,v‘~l"”

B conJunctlon w1th publtshed and unpubltshed records prov1de o 5

nsythe opportuntty for such a test

‘-'v

The current dataset represents 45 adult lessen scaup

| “?“f;collected dur1ng the summers of 1976 through 1978 from 13

*f;lakes in Alberta rang1ng from the Montana border to the

l"ﬁfthorthwest Terr1tor1es border Prtor to th1s study are three ﬂff?f

Ljﬁf;freports of helm1nths from lesser scaup ln Alberta Graham

g Qf(1966) reported 25 speC1es of helmlnths from 135 adult scaupfi"fl

"yt7collected durxng the summers of 1964 and 1965 at Cook1ng and R

: s_wptHastungvaakes Alberta Ha1r and,Holmes (1975) reported 43 f;b;’

. ?TSPeC’es of helm1nths from 10 adult scaup taken 1n 1972 at if;f;f.

| “;tﬁzthe same two lakes Later, Ha1r (1975) exam1ned 30 adult

’**uufscaup taken 1n 1973 and 1974 from the same lakes and

-;{f@ reported 30 speCIes of helm1nths Hair (1975) summartzed

'zf;,]these earller data and noted several compos1tlonal

"iid1fferences between the stud1es The 1mportant dlffefenceS'r,‘k7'

'Vnywere the absence of Hymgnolegt gus1ll ' H _QEELMELQv and

' =“fff”the converse be1ng true for Halr s study Differences

”"ffH faustt and the presence of H garvul 1n Graham s study.,:’a”b

»tﬁtbetween Hatr and Holmes (1975) and Hair (1975) were of a- '

’:‘5f'taxonomic nature and were resolved by Hair (1975)

.v:_flélesser scaup depostted in the UAPC by Graham Spe01mens L
T iidentified by Graham as H g____rij_&_ included some M

‘1 examined a large number of helmlnth specimens frombyffttfr

Sy



?__;«-;“j R ;»j;§ }.,-ﬁ"-7gff,b61;yj_

.fg(see UAPC s]1de # 4361) and those 1dent1f1ed as H gggxgl_

ni?1ncluded some H recurvata (see UAPC s]tde # 2362)

'e_Therefore, these two specwes were present 1n lesser scaup at L

'“fﬁ;CooK1ng and Hast1ngs Lakes dur1ng the mtd s1xt1es

‘l*nymeno]ep1s faust1 may well have been absent from Graham X e:thﬁ

"Ljifdataset Thls spec1es was rare 1n Ha1r s (1975) study and

'atﬂfeven rarer 1n my Study The nequ1red host (sensu Holmes e

"ffffgl_tyrhynchos (Butterworth pe@%pgcomm Ne1lson pers | t‘fffﬂjf

- J‘ .

Thus,?the ava1lable data 1nclude concentrated studtes'ff; e

17uf}on the same system 10 Years apart every type Of habitat ‘nf,;%tn

M“affwh1ch lesser scaup are ﬁound in. Atberta _and 3 maxtmum span“"“

Qtof 16 years between the first and last col]ections (althoughfffgf

"7f.not on- the same lake) Although 10 to 15 years may not be

'""Lfticonsldered a long per1od °f time the b1ology °f the

1"?f;rhelm1nths tends to make that duratton more signlftcant Ff"

example the mtnlmum generation time for H glncc1rros .‘_H_Viﬁf

‘ﬁ_;Vfrom egg to egg, 1s 13 days (Podesta and Holmes 1970b)

"}fd12 generatxons of this SP801eS 1" that 51“9";

“thThus, in an average summer of 150 days, there may be up to ‘[ffff

‘[season and

‘ ﬂ;!fover a. 10 to 15 year span,)up to 120 and 180‘generat10ns

Al‘irespect1vely Wlth ‘some: correctvons (see above). nine of theﬁfl}i

vf7lnf10 spec1es a551gned to the recurrent group have been

vv;’fffrepOrted from all four stud1es on lesser scaup 1" qupar1ngt:ffm

::t5;7fthe relattve abundance among the four studies on adult btrde;ift

‘if:t(whtch m1ght reasonably be constdered to represent mature

_ 'Z PR 0
‘. cio S
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‘;7faunas) Kendalt s coeff1c1ent of concordance\was 0 65

"f(p< 001) Th]s is. parttcularly good concordance cons1der1ng af.x.r

ff?:some of the taxonomtc d1fferenc€s Compartng Ha1r s (1975)

: ~?ffstudy and the current study,_the abundance (tau 0 90

'"7f5ffp< 0001) and Frequency (tau O 74 P< 05) of occurrence are ffﬂfi{5

'"f{reasonably sxm11ar

One spec1es, Tuvensws A 1s reported only from the

“ffcurrent study That 1t was never reported from prev1ous

“fff,;studIes may’ S,mp]y pepresent the evolut1on of tncreased

'1ffffstaxonom1c awareness Most of the dwfferences (both numertcaléf{fff

SO R Sl
'43and taxonomlc) between the four studwes can be attributed to;jﬂ.'

‘""f;a reftnement of technlques As a host 1s studted more

‘:57:e1ntens1ve1y. the 1n1t1a1 1nvest1gator has the aTﬁost

'f?;fthankless Job of determtntng what 1s present with no pr1or Z&‘rf;

'r.ffknowledge Success1ve 1nvest1gators tend to rely heav11y on

'ﬁfi;the earltest work and have the OPPOPtU”‘ty to reftne

'Q,h;techntques and 1den11f1cattons In, fact, each success1ve

?Wffstudy on’ lesser scaup in Alberta has resulted 1n an

,,yifqncreased spectes llst

e

D]SCUSSTOH

Heretofore recurrent group analy31s has been used to
7

H;’;f_compare 31m11ar1ty of faunas between different habttats.;théffﬁftf

1'j}f?under1y1ng assumptlon belng that each of the dlfferent

”?5[ffhab1tats would have 1ts own un1que recurrent gPOUP‘

: 55§c°n51der1ng the current dataset lesser scaup pPObab‘Y

"Qﬂﬁfrepresent one of the better g%tural systems avallable 1n

*f?hfﬂwh1ch rep11cates mtght be constdered 1dent1cal One mwght



°~tfthen predlct lhdt there would be a swngle recurrent group |

:lgjcharacter1ztng th1s habttat unless the habltat varled 1n B

"furesponse to dlfferent env1ronmental parameters such that thep S

“i..'«'uhabltat (]esser scaup) 15 ]ess ]mpor‘tant than are the

'fﬂ?env1ronmental var1ables to Wthh 1t 1s subJected

fﬁThe results of the 1ndex of aff1n1ty and assoc1ated
' "fjanalyses do suggest a sxngle recurrent group composed

‘*f;iprlnctpally of habltat spec1allsts but also 1nclud1ng some

o extreme general1st§ Fager and McGowan (19.3) con51dered thetg;f”"

. v1tallty of spec1es (presence of all 11"e

ages 1n the ;jfﬁgrff

ISVV“samp]e) as; eVldenCe that the Spec1es are- repfoduc1ng in the f{iffﬁ

lz”udhabitat and 1nfer that th1s further solidlfles“thelr

”ff_lncluslon 1n 8 recurrent group One specles Tuvens1s A jsﬂgi,,g-

m:ffboth frequent and abunpant yet never matures It 1s a,?fh
r;sifpequent member of _the other species envlronment,-so that

;?fthe latter may evolve 1n response to 1t but 1tvobv1ously

:f:fjcannot coevolve w1th them Therefore 1. subjectlvely remove ;s:tff

hféTuvensls A leaving nlae speclés ‘This does not meaﬂ

o

TuvenSIiLA 1s unlmportant The other recurrent group spec1es

]

do evolve w1th TUVBHSISDA as an lntegral part of theiro 'ﬁ;gfff:ﬂﬁf

The rematnlng%ntne:speCIes of helmtnths form1ng the fj,;f{jfvv

O

‘-;:o recurrent groupjhave been'reported in studies spannlng 16;i.;li§;tf

’

. \\,.:‘ e

——

) : ._«mv e
ucharacteztstlc of lesser scaup '5&6'

years andttn a wide var1ety of lehes Thls group ls truly};[f?lfﬁ?t

the d1sa‘ppolnting lacK ofe



:';icommonly measured water qual1ty parameters (plus a var1ety

*ijgof other varlables) must be 1nterpreted w1th cautwon

THowever. W1th only a 51ngle recurrent group,.no sub51d1ary R
"llgroups, and no negattve correlattons ~one. m1ght predlct thatf o

“':}host hablbat features are un1mportant In short var1ables

Tf,iof the host habttat do not appear important to the -133: .

mftff1nfracommun1t1es

The remarkably hlgh pos1t1ve correlattons between some,ifffﬂf

‘Vftf;members of the group suggests that these spe01es 1n

‘:,eiparttcular, are respondlng ln concert to some factor(s) 'ef}_ﬁr"

*_Vyfbanswer may l1e 1n their respecttve ltfe cycles It 1s known3ii”f§

éﬂ;;gttthat H g1noc1rrosa and H guslltg use Hyalglja azteca as
: i am 1ntermed1ate host (Podesta and Holmes.v1970b) and they

.755ffhave never been found in. Gammarus lacugtrig (unpubl1shed

‘:ﬁfffrecords, Un1ver51ty of Alberta) The ltfe cycle of H

fffaborttva has not been determ1ned locally, however

.ibfctrcumstanttal ev1dence in Podesta and Holmes (1970b)

‘”;ffsuggests that 1t too uses H ztec ~as an 1ntermed1ate hostf'ff"A

»tbgTThe other h1ghly correlated spectes pair, P marills and H

‘Vng” uvensig both use G lacustr1s as an 1ntermedtate host

iinfg(Denny, 1969) although H. uvgnstg may also use H azteca

'"5*{(Podesta and Holmes, 1970b) The prwnciple f°°d °f lesser

"“fﬂfscaup is amphtpods (see above) The htgh correlations may e}f
':ffwell reflect large,‘essentxally s1multaneous infectlons,‘the

e '{'f-;"hlghly mtercorrelated three species subgroup through H.

ftpftaztgc and the two spec1es subgroup through G lacustrts

""fﬂaAlthough the correlations are not as htgh as those 1n the _}jii




i " Tt N :

’_fsubgroups d1scussed above, two speC1es (F fascidlaris-and

'QR g1ttaluga i) do have h1gh correlat1ons Wlth other group g:'
o jmembers,,partlcularly some of the subgroup spe01es

'foFlmbr1ar1a fasc1olarls uses both spec1es of amph1pods 55 an 'd';

"“l£°1ntermed1ate host (as well as. ostracods and copepOdS)
""iﬂEV‘dence 1n Denny (1969) and Podesta and Holmes (1970b)
fimﬂsuggests that H ggtggg is" the best 1ntermed1ate host
“5i¥f;locally The correlatlons between th1s species and two of
hsiffthe H g;tggg subgroup are swgn1f1cant at P< Ol (F1gure 3y55dfﬁ
77rfThe l1fe cycle of R glttaluga 1s unknown as are the llfe;;:.'u

hfﬁhiicycles for all spec1es of Ret1nometra e

: ’T*?fc Two of the assoc1ate Spe01es. Codynosoma constr1ctumﬂif77‘*"

r~fg;jand L kr]ab1n1, show good 1ntercorrelat10ns w1th many of [rjix?u

j{fthe group members C constr1ctum uses H g;tggg as an- f}}ffﬁyil

"5fag;1ntermed1ate host wh1le L kr]abin ’uses G. lacustr1s iiff?h?zf}f

’f{the above argument regarding the t'i

'gﬁf;dsubgroups 1s conrect these two glght be “tag 310"9
°*ﬂQqspec1es Flgure 4 1ndlcates th‘t Corxnosoma constrictum 1s
R g : ‘

"@}fcorrelated w1th two of the thr;e,spec1es uslng H g;tggg as

\\

5[;1an 1ntermed1ate host (1n add1t10n the corﬁ%géﬁa%n w1th H

high]y COPPe]ated ?%ir4;E];

| fabort1va 1s reasonably good - p~-053) and that L kr]abtn "Q

TJghffms correlated Wlth both~P mar1lis and H tuven51s

;g17§ Cluster analys1s 1s a mult1var1ate approach to sort1ng »

';f“data lnto groups so that members of any particular group are

Lo RN A
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‘t more 51milar to each other than to’ non members The

‘c.development of cluster analy51s stems largely from the work

o of numerical taxonomists attemptl“Q to quantitatively assess.

'spe01es relationships (Sokal and Sneath 1963) In the past
fxthe benefits of thlS technique have been largely overlooked
STby community ecologists w1th the exception of studies on

=§*mar1ne bottom communities (Stephenson et al 1970 and

‘7‘:references therein) stephenson and h‘s co- workers (1970)

‘_;Teflrst comprehen51ve attempt at numer1cally 1dent1fy1ng

g [f‘communttles presents a summary of the difficulties in

"tf_claSSIfying communities when dealing with a large number of

”“Jfrssampies, species, and individuals Stephenson (1972) further

}L'H;i:elaborates on the use of clustering theory as applied té

i'-’i_"'j';{',cemmunity ecology A later paper (Stephenson et sl 1972)

'idﬁfisanalyzes Petersen type communities with Petersen s original

J’)

‘”5hyf2data applying multivariate clusterinq techniques to the

| ”Piproblem Their results did show Petersen type communities

v*'ffyalthough the structure they obtained differed somewhat from

. i,'. .

'“17;€fthe original results. .eepf,;sﬂf:;~}f ‘ﬁ}(a;ifgsgj?a_p».rb :
A Al A recent application of cluster analysts hss been an »éftf?yy
rtdfpattempt to define guilds withln en essemblage of species ’i@ffflff
‘7;?This is considered by Stephenson (1972) to represent e
'7ft"inverse anslysis in ‘that- the speeies ere qrouped by site

‘1;ettributes as opposed to:“normal”'where sites sre grouped by

fspecies attributes Holmes et el (1979) defined 27 forsging

*.:{_chsrecters as attributes to examine the relstionship between

ff‘;22 insectivorous birds. lhey used Eucltdeen distsnce as e

R R TEE O
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Tgifh";{”?-qf ;v.vliip‘” f-‘v>7f_-;fl;-¥r'tf[;‘"_F.?‘J;- ;}_ :ffé7"d;
\f51milarity coeff1c1ent and subjected the resulting distance -
"imatrix to hierarchial clustering us1ng the maXimum method L;‘ ,
'h(-complete linkage W1shart 1978) Noting that there was nofltp
ﬂ.fiprecedent for quantitative separatiOns of gu1lds,»they choseo7:i
’;gmean Euclidean distance as a cutoff point.to separate‘v' _ |
;}ggu1lds To my Knowledge mean Euclidean distance has nona ;lf-ui
Vpriori biological interpretatlon N ‘_ ' — "

_v Pianka (pers comm ). has experimented\with s1ngle :h:

_ ??linkage clustering and suggests that fOOd OP habitat gUl'dg R
is?fcan be determined with this approachq He defines a gu1ld as if
'ilia cluster in which the greateEt distanqq between any species?7
ﬁiif;fiipair is less than the distance between any member of: that |
“a;;gcluster and any other clusters ‘ff?f?ﬂ]fg73}_j;fjifff:ffff@(:;

These last two examples emphasize one of the major °”f€;

*f5ffffprobiems in cluster analysis. Wishart (1978l Tets 16 ',i,;;;ii
_i?ff;ldifferent hierarchial fusion techniques each of which may be‘ .

'yh};;coupled Wlth up to 40 similarity or dissimilarity :'»”

"";:v_;_coefficients Thus there is %major decision in choosing an 4
'ghfffsappropriate algorithm,and coeffic1ent Wishart (19784 notesviftf
x"ff;;that complete linkage provides’ti?ht spherical clusters, f )
| gg;e results are irregular because the similarity is I

,#- iy

Hhﬁuifnonly detepmined between two individuals and does not measure get

i J“ngroup structure He further notes that single linkage
N ;produces chaining (essentially the opposite of complete
'“d‘:linkage) which results in large populations not being

partitioned Thus, in the ahalyses of Holmes et al. (1979) f}%%V

and that advocated by Pianka. thejch01ce of algorithms might |
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, N o
have predetermined the results. Cey LT

Sokal and Sneath (1963) advocate thg average 11nkage

- method employed either as-a vaﬁﬁable grouc\or pair-group
method W1shart (1978) 1nd1cates that this Method takes

account Of ‘group structure produces sphericai ciusters, and

is. reasonably weil behaved (not subJect to 1nver51ons)

’ rThese are all: de51rable properties.of an_aigorithm in which.

PR

"Qf .

" no a priori results are ant1c1pated

Presch (1979). continuing the c]adism vs. pheneticiSml’.i

controversy current in numerical taxonomy, examined a 51ngie“

t:'dataset with a variety of srmilarity coefficients and

- alqorithms He conc luded that different combinations app1ied
R tc the same data yielded different Pesults and thus rejects
‘the use of cluster analysis in numericai taxonomy Presch'

/anal§aes and ensuinc arguments are based on the o
SYatematist's desire to use high similarity as an indicaticni'
of close phylogenetic relationships. In the folIOWing |
analysis. I derive neither evoiutiohary nor statistical
| "10ference from ciuster anaiysis Rather, 1 use the technique
| ad a nLans of data reduction with the 1mplication that the ”
i'resulting dendrogram (see‘beiow for definiticn) depicts the

7sim11ap1ty of sampies Qgggg on _ghELi.ﬂ nbundcncs 9—

. helminth species, nothinq more
" In using dendrograms to pre:ent the resuits, 1 follcw

che definition of Fink (1979) "Deﬂdroqram is used herein as'
;the appelation for:n,branching diagram describing character

'fdistributions"

P ! -"“ . . R



u Clustering of Lakes by Helminth Faunas

Cluster analySis (wishart 1%78) was used as a sorting

'.‘technlque to examine similarity of helminth faunas between

'rbirds (= samples infraCOmmunities) This is normal" analysts
k (Stephenson; /972) and the abundance of individual helminth' )
:species were used as attributes {variables) to examine
‘relationships The clustering algorithm employed was the
"group average method (sometimes referred to as the
unweighted pair group method or average linkage method) of
Sokal and ‘Michener i1958l The measure used to generate the
similarity matrif was the product moment correlation : |
:coefficient for continuous data (Wishart, 1978) Prior-to
.running~the analyses the data were transformed (log N + 1)
and standardized (valuc minua mean divided by standard
deyiation) This reduces bias of the similarity ooefficient;
| towards'those variables having large variances (Wishart,
1978). . LA IR SR |
Although Holmes ot al. (1979) used mean Euclidean
;distance to define important clusters, l have chosen to‘use,.
- a correlation coefficient of zero. Since ‘the combinetion of ,
| strategies selected above yields a coefficient that can .
3range from minus one for complete dissimilarity to plus one:
‘,for complete similarity, Zero represants the mid=~ point and
clusters defined at this region contain elements that can be':
considered 50 per cent. similar | : | s :
Initially, cluster analysis was applied to the entire

dataset-iss variables); Although_this Jncludes rare species
o S FEEETE T - RO
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| .and even some 51ngletons. it was felt that these varlables

:mlght provlde an important unlqueness to the resulting

: clusters The results obtalned by this approach are

- considered [;-f)i-i

| presented in the form of a dendrogram Lﬁlgure 5). At a
_coefflclent of zero. four robust clusters ‘are deflned The
flrst cluster contslns no complete lske unlt (1 e. y ln no
p,case do all samples from any. psrtlculer 1ake co- occur wlthln,‘-
that cluste ). The remalning three clusters each contaln a |
_lake unit. The three semples from Murray snd Cowokl Lakes

‘are all ln the second cluster snd esch sample from th1s lekek~

'.1s more similar to another sample from this lake than it s

 toa sample from a dlfferent lske The ssme 1s true in the B
third cluster for Rattlesneke 1977 (= RSA on Flgure 5) '
‘Lake The fourth cluster contstns sll slx ssmples from
| 'Fleelnghorse Lake. however, they are not necesssrlly more
simllsr to eech other than to ssmples from other lskes For
Q.exsmple. semple four from Fleelnqhorse is more slmller to -
’ssmple one, from Bellshlll than to sny other ssmples from o
V‘Fleelnghorse | . o : |
o Another way of exsminlng the results of a cluster g
snelysis is to examlne the’ final dendroqrsm and look at
| palruﬁse essociatlohs There is: llttle tenddﬁby for 8 glven _
'blrd to be highly correlsted with snother blrd from :@ E
lake. This ls true even when slternstlve pslrs (e - in ;
DT;Flgure 5, CK1 and CK3 could actuslly be pslred) sre 'ﬂ'

N .
Deflned clusters csn be used as s priorl strats for

-~ . : . - v
A . s R .
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" At -

‘ ,Figurei;5.~ Ciuster analy51s coﬁparlng 1nd1v1dual blrds‘7 S
I =-w1th respect to the presence and abundance of N
.-all 59 helmlnth spec1es. The vertlcal ax1sf
‘urepresents the correlatlon coeff1c1ent |
Numbers l‘through 4 on’ the stem llnes dellneate
}the four clusters produced at a 51m11ar1ty of

"SO%u: See text for further discusslon.‘

7
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. in;::steDWiSe multiple dlscriminant analyses which determine the

lffjlmost d1scr1m}natlng variables between clustePS At ea@h

::l step. the most discriminating varlable 15 that varlable ffﬁbiiilbt

Jffwhich accounts for the gPeateSt amount °f the remaining

~W37;fvariance between strata (clusters) In the current analysis. iji*

:**?]_ithere were nine discriminating variables (helminth specleSliéffdir

‘b;xibs19nificant at p< 05 There were. 1n order of 51gnificance,7fe5

':u:t;[H tuvenSis H. abOI"tha D‘C coronula H QLQQELE 8.

: fjmelanlttae,,"FF“' Cagillari Sp v Diorchis n SD ,-and:"GGf};-'-

| fffIn attempting to better understand the structure of the b,f‘”

"’ﬁ.i clusters..the variance in mean abundance for the 15 most

%,fiifpequent species (those used i@ltesting for recurrent

_ bi,f{groups) was eXamined with a Kruskal wallis test (Appendix
'7;b°f_3) Note that the most discriminating variable (ﬁ tgyg_gig)

’ °fbfwill separate clustersgﬁne two from three four while the

“bsecond fost’ discriminat ng. variable will seperate cluster

'fﬂ_,one from four In general these clusters are separable

'b;1tfirst by abundant and frequent species. seoond by rarer. f"

infrequent spectes. .o T XTE e

When the cluster analysis is used to examine similarity

';fggi'with only those species occurring in five or more samples.i_ftfﬂ'ﬁ

}':Fffifour clusters are again defined st the zero level (Figure bd7".»

LB In conparins this dendrooram with thﬁ P"’"’W‘ °"°'~ the |
& ;_;results are broadly similar although more complete Take jé*?»;fégf

"f°iiunits are formed As in the previous anslysis l“ MUPPG75»
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 Figure

56; cluster analy31s comparing indiv1dua1 birds

with reSpect to the pfesence and abundance [.jf."

of all helminths occurring in at least 5

birds (29 species) - The vertical axis |

€Q represents the correlation coefficient _.'ﬂ.ff<i“

Numbers l through-4 on the stem lines

delineate the fouf clusters produced at a

1milarity of 50%. See text for further a'{“uk:'.

discusszon._ 1J-7¥
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”:;ﬁfﬁKruskaTEWallls test of mean abundances (Appendlx 4) between f°'°l

T N

"“'fff76f
'fb: clustered together, and the RattlesnaKe (1977) and .
Fleelnghorse Lake samples now occur 1n the same cluster ffT,c.

Exam1nat1on of pa1rwise associat1ons shows llttle

tendency for’complete lake unlts to be adjacent (to be

”fi compared w1th two complete sets in the 59 varlable dataset) ifﬂfh

However. there are elght pairs of samples 1n whlch two

samples from the same lake are more hlghly correlated to

juf feach other than to samples from dlfferent lakes (samples
"f one. two from Iosegun one, three from Charron one,;tvofj]fjj]}?

from Rattlesnake [19771 four. five, slx and two, three fromfp;fi

Fleelnghorse. and one, three from Dusty Lakes) whereas

there were none tn the prev1ous example (agaln exceptlng

7'34«,‘i_",: N

complete lake mlts)

: ‘ O

Multiple dlscrlminant functlon analysls shows four

| B dlscrlmlnating varlables In order they are Q;Q gflgtg

"'-"nsp.__c 99..9_9_2 ‘and R. gz_.teim A

these clusters shows leq; varlatlon than ln the 59 vartable ;lﬁff

dataset Stlll however there are stgniflcant varlattons ln;ip;g
most of the freqUQnt and abundant 8pecles R

Flnally,ycluster analyals was run on a reduced dataset:§7r7‘

that 1ncluded onty the 10 specles comprising the recurrent
group Note that I have 1ncluded Tuvensls A ln the group

slnce lts contrlbution to simllarlty tn samples 18

lndependent of its maturlty The:pesults of thls analysls




| rigure 7.

| "“{ the 10 helmlnth species comprlsing the recurrent

'f;[group./ The vertlcal ax15 represents the'ffr*ftf

v,

3C1uster analySLS comparlng 1nd1v1dua1 blrds

':;ffw1th respeﬁt to the presence and abundance of

f;jyﬁ?{

*f?fcorrelatlon coefflclent Numbers l through 4 on B

.f'fproduced at a simllarlty of 50%

fthe stem 11nes dellneate the four clusters j, ﬁ

hf*pfurther dlscu381on. _V}f}ﬁ
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_47%~complete lake'unlt Iosegun B1stcho and Murray Lakes
S

' 1anlhere are however, no closest assoc1atlons between pa1rs
»'.i:from the same lake In fact there are seven samples that ‘fc

'77T;;c§yster out aﬁzremarkably h1gh s1m1lar1ty (2 8) These u.‘:

‘nnclude samples two from Dusty.:Chxp, and Bellsh1ll Lakes

‘wsample one and flve from Bellsh1ll and Fleelnghorse Lakes_

g

u”’iﬁgirespect1vely. and sample two from Charron and Lanes Lakes

A\

lﬂ;c;It ws 1nterest1ng to note that on a: redbced dataset W1th
lftfever 1ncrea51ng s1m1lar1¢y coefflctents. not only dO samplesf}}?f'

i

';t;ﬁ}ffrom the same lake show 11ttle s1m1lar1ty t° each other

‘5§g$here are excepttonally hwgh slm1lar1t1es between some ,)

fffdsamples from d1fferent lakes

Mu}t1ple d1scr1m1nant functlon analys1s reveals only

-

‘"*f.fftwo discr1m1nat1ng Va”‘ab‘es (pr“

4 ?stlla:and Tuvens1s A) 'bi_i}i*i

.J;fabundances between chbsters for th1s reduced dafliv:”'nwub o

qﬁ]{(Appendlx 5) shows that only D cg ggul has no signlt;;f'lli;;*'f

ff?fvariation between clusters Y :
S | | t | r “,,r DlSCUSSions;{;;fi;;:;ffffficf?;fbﬁilw::;
- Cluster analy51s has been successfully applied 1n thev

Httfbpast for cla551fy1ng sites by the presence and abundance oflfy'lﬁm

“-g;;spec1es (e g 2 Stephenson et al 1970 1972) The parallels}fifhﬁt

'ﬁffbetween us1ng ‘luster analys1s 1n free l1v1ng assemblages

.:3?fand 1ts ‘use 1n“thw :urreht’analysrs are “Ot diﬁftcult to




_hypothe51s that samples from the same laKe can be treated as

"ya unit There was no strong tendency for all of the samples

l'V:from a lake ‘to fall 1n the same cluster groups (which were

”,defined at 50% 51milar1ty) Neither was there a strong

‘ *,‘tendency for any given sample to be more highly correlated

“ﬁw1th another sample from the same lake ';t' ,t:‘iffv; ;.‘

Conclu51ons drawn ?rom these observations seem obv1ous

ffg}and related First there lS an. overall high degree of

,w7;91m1larity ln the helminth fauna of“lesser scaup E; dence

d

r‘f;for this comes from the coeff1c1ents at which cluster-" o

;fszormed Never are high or eVEn moderate, negative

:ﬁl}coefficients generated In fact. remembering that the

'fﬁjcomponents the relative abundances of the frequent and

“fffabundant speCies and the presence/absence of 1nfrequent

Tfffbird helminth faunas from the same lake as being more:)f?qu

aiffcoefficients can range from--l for complete dissimilarity tO ;

{];5+1 for complete s1m1l rity,,all pamples are fused into one

'fﬂfcluster at coeff1c1ents'” ightly less khan zero ( 0 069 g
f ff-O 093 and 0 142 respectively for?the 59 29 and 10 ‘”gfﬁraﬁ
'ffjvariable datasets) This is exceptionally high similarity I

afyfFuthermore, clusters aPPeaP t° be d’ffe"é%t’ated by two

Iﬂf?species Second there is little evidence for cons1dering

; ffsimilar to each other than to bird helminth faunas from

1fflother lakes Thus the rationalezfor us1ng each bird’hv

hfg;helminth fauna asfafftndébendent infracommunity is ;iﬂ

ffg;strengthened
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T PrinCIQ 1 nggnent and Rotgted Factor _ﬂél!§l§

Princxpal component analy51$ (hereafter. PCA) ‘5 a h?frbhfir”

5 ) : . .
ol de - Y S ’ -

'-fEMUltivariate approach used to define structure 1n a large S

xdataset when no a pPlOPl predictions aﬁe available By y;,.f

r']fdesign PCA reduces a large set of c0rrelated variables to a

iﬂg;smaller set of statlstically 1odependent components that s
| f;fpartition the total variance, The firstfprincipal component 'Jff

'fiis the group of transformed variables that account for the

:_*hitvariables The second principal component 1s the combination g
-:[f;iof varlables..uncorrelated with the first component tﬁgt

thf-:variance Although Pimental (1976) indicates that PCA

assms the data are ;rm a mu]tivariate normal

Effggreatest amount of variance 1n the original set ofkg;}&'Fﬂﬁif53'”if

o

Jefaccounts for the greatest proportion of the remaining

‘.A :" o

'f7fhndistribution. Dudzinski et al (1975) have shown that this;;iEV?jgi

‘ assurption need not be met

“:V'for determining when a sufficlent amount Of variance 15

'”7°{exp1a1ned by the sutcessive components. (MOPP18°"v ‘967’

One of the problems w1th PCA is the lack oﬁ;criteria =

';if;jThls problem can be alleviated by using factor analysis s

"*fffgcoupled with. factor rotation _Whereas PCA attempts to-
'55f§id§termine thevminimum number of lndepcndent,variables

original dataset factor analysis

]




»*_fbeen apgl1ed to problems in ¢

82

| L o L T

"rOtatton (Seal 1964) Rotat1on of facters is an attempt to. .

'T‘determlne s1mple structure and thus fac1lltate |
l1nterpretat10ns Simple structure means that factors contaln

JTV many large and many zero loadlngsJ wrth few 1ntermed1ates =

_;_(Morr1son 1967) | | : |

Principal component analys1s is trad1t1onally a 5-;f’j ;'Ja”

\ '\ :

»\_

‘:‘technique used by taxonomlsts Recently however, th1s

.;ipotent1ally powerful approacho;:dfult1var1ate analy51s has

, :1ty ecology Holmes et al
;i(1979) used PCA to exam1ne gu1ld structure 1n 42 b1rd o
E spec1es They found that the flPSt three pr1nc1pal
:T'components collect1vely accounted for about 70% of the total

L'.variance Futuyma and Gould (1979) examlned lnsect plant

';1 relatlonsh1ps and found that nlne factors were needed to

.""”explaln 75% of the total var1ance suggest1ng that the T

tLivarlations 1n the faunal.compos1tvon ‘are’ large 1n number
\ The use of rotated factor analysis is rare ln _' ,‘_ |
-t‘i_ecological work but was successfully applwed to communtty ra”f

b '.analysis by Holmes et al (1979) in the study mentléned
- ‘earlier The results of their rotated factor analysisfn,detrft'
"J":conf1rmed thetr'observat1ons based on PCA | -

) . ST e s ‘ , IR
"ifxﬁt ‘f-hnf_]’ fT'Irl-"t% 5‘ :rn; | S

",tyiPrtggiggj Qgggggg__ __g Qtat _gg;g_ Aggl¥s1 of Helminths
: Prlnclpal-component and rotated factor analyses were f.iﬁl7

used to examine the relatlonshlps of the varlables w1th1n }[;;a.“




/ '4-determining a deSirabletlevel of variance to be

;»*iydataset and they are excluded from further analysis.

the dataset Analyses already discussed'strongly suggest l

that there is a characteristic group ‘of helminths which ;g‘~h

',iaccount for a great deal of similarity between the birds

~~The use of PCA allows an examination of the samples with “ '“f,

‘f\respect to uncbrrelated components and can be used to

- —

further assess Similarity An intermediary prinCiple aXls

2

: factorization provides factor loadings to be rotated using a
Varimax rotation (discussed in Aspey and Blankenship, 19771 -
' ~The resulting factor loadings depict the Simple structure

and can be used to further examine relationships between theu,

h'variables As noted earlier. there is o criteriz forf'

‘._;_for when using PCA The levéls most frequently used are 70

““to 75% however, Morrison (1967) argues that extracting

,and uninterpretable For that reason, I have extracted at
'k“most, the first four components in the following analyses |

. Based on earlier analyses; variables (helminth species)

o f“occurring in less than five samples were not important i l(_"»

- detcrmining either similarity or relationships Wlthin ths;'_“_pr_

Applied to-all variables occurring in more theh five

= samples. extraction of four components collectively accounts;«"t;

for only 47% of the variance Ten components are necessary

| to account for 75% of. the variance. The rel“tionships
.f_between the 45 samples with res st

S components (30% o:kwhe variancei‘are shown in Figure 8 Notejgf L

ccounted"

| ‘f{vectors beyond four or five components is usually fruitless hif“f



'Eiéﬁ;ef38;

.;;helmlnths occurrlng 1n more than flve Samples;:tﬁﬁufﬁf'“:

B

Plot of the flrst and second pr1nc1pa1

";;fcomponent scoras for the 29 variable'

’”;correlatlon matrlx. This 1ncludes all

3«5Each point represents an 1nd1v1dua1 sample’;, 

(blrd) See text for further dlscPssion.nﬁai;;;f,,_.e







that with 30% of the variance accounted for,vthe pattern E”Vf;i
differs somewhat from that obtained US1ng cluster analysis A
The three samplel“from Charron Lake are reasonably close y'ygﬁ4
"-zf'j"together as are the. sampies from Chip and Iosegun Lakes (the

:]lﬁand Cowoki reSPGCtlve‘Y and three and one from. WOlf and if%

n;'

ff.nusty. respectively) ln general how yer, replicate samp]es/
»:afare scattered between the four possible quadrats and ~f,l:
;fgalthough not dF%wn.on Figure 8 v1sual inspection of the‘u;lg,t
55;fagtor scores for the third component (Appendix Gl suggest *;

}ffthat these three sets of replicates would be separated (at a

jfﬁlevel of only 39% of the variance) Component one,e,5¢;5_°7=’“'

?f?accountlng fop 17% of the vartance appears to be related to

:;%the most frequent and abundant species while Qompoaent two *f(”
A 5(13% of the variance) includes infrequen{ species with few
ffsindividuals (compare eigenvectors from Appendif 6 with mean
’jj‘abundances from Table 5) | e h'p, ”j’ . ("f_'
| | The relationships among the variables should be more |
fp'interpretable following 8 principal axis factorizatiOh and

'?jsubsequent Varimax rotation_ﬁlable 8 presents the veriables

ngsharing at least 25% of the variance with a factor (based on ‘?
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Table 8.: varimax rotated factor analysis.. Fnly variables o

1east 25% of the variance with a fuctor};‘f

sha:ing at

»

"fuf?:“ ate shown._ Based on variubles occuxring 1n at

'tﬁt.',¢  1eaat five Bamples."'See text for further ; ﬁfﬂf’g-ffﬂ C fﬁﬁ.

: ;:5-i ‘ discuauioﬁ.A 5\vbﬁ

:”Vfuﬁiqenroots',-;,V’fﬁ-jéxﬂ e 350 2 70'3“:2.40L55’,‘j SRR
' e DO RDE AL R I
':15ﬂ§ﬂﬁj 12¢21' 9 3 S e

b”;;;Percent Variahce :

: JH'}Cumulative Variance fﬁ7:;ff-

:::t[éﬁégz;gig fasciolaria
:’7f;i§!ﬂ222l22£_ zinocirrosa.’;‘ 1i;>jﬂ”§  j1
. "7‘iu.. sibieve B ,A ,, ;_H:¢.¢w_ [

' Ulilll T;  T C

'n,rtuvennis oo

R Lateniggrul nkrjabln :
_‘Retinomotra gittalugaif
' olxgbrghus mnrllis'i-'
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low variance accounted for by the factors. only variableo

- r«“) . -

sharing at least 50% of the variance with each factor are
considered important These factor loadinga are underlined
in Iable 8 Factor one accounts for 16% of the variance The

important variables 1n thie factor are the hithy [ v

| i,(tinteroorrelated three species BUbQPOUPlusing H Qllﬂﬂﬂ as an ;i
”saﬁitf1"t°"m°d1°t° h°5t';F‘°t°' two (12% of ‘the variance) contains//

) ;
“}sfthe infrequent species with the feweet individuala.,None of
the life cycles for/these species are Known. Faftor three

(9% of the variance) includes nofspecies sharing'flin Sb% of

the variance with that factor The hlgheet Values ere for | ‘_
those npecies that uae g '"Tf“jfih as an/intermediate hcst

Factor four (8% of the variance) ia not interpretable..lt} “_‘?
contains two species with high negative loadinge one of - 4
5 which occurs frequently wtth moderate numbers of individuale
&*er;(g;, -y‘“i‘[”r), the other is infrequent with moderate _'yh
nulbere of individuala (p_jm n. sp. ) ._
N Applied to the 10 variablea in the recurrent group. PCA?QE

: was much more informative Only three components were
'”5?'extracted and these three components collectively account




_text for further discussion
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i*f!fl%éfff?if3*5:f;f¥?{75551;591ﬁf1
) accounted for by the first three components, zero loadings o
_d /’Were reduced to those variables sharing 25% (factor lquing ;;ﬁf
:’fh’jof 0 5) of the variance with a factor (Table 9) The first Y
°d;ffﬁfactor (31% of the variance) 1ncludes spec1es that were bothij}i
‘vft;fvery frequent and abundant All four are Species that use H'fff
F;?iit_zlggé as an 1ntermediate host The second factor (18% of .iti
jith variance) 1ncludes frequent species Wlth moderate ""!”“T
}f umbaps of indiv1duals Two of these épecies (H tuven51s\ }

@}and P marilis) req"ff"i"' lacustris as an 1ntermediate

:fihost the third specll

3sfcan use Gammarush The third factor

"f;h"i(13% of the variance) includes frequent species with few

f;j&f;1"d1v‘dua]s

Discu591on

__,___—-—-—-——-

~uThe results of PCA'were not as enlightening as preyious

’&7ﬂ?f analyses but do provide substantiating evidence to support
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.J;Tdﬁl&*9t\ Varlmax rotated factor analysis Only variables

”‘f:ef;shaﬁlng at least 25% of the varlance with a factor *“f7

‘“fﬂ ;are shown\' Based on varlables 1n the recurrent

;."roup See teé% for further dlSCUS81on.?fj;}i3L
. FACTOR .

j{f;gzgrdent variance ’

i;Cumu&ative Variange_‘ . “jf f3iZ3?f¢A§?Kf;f5;;4ff¥7§;§{ffﬁ’*’5“

::‘”{*ﬁrimbéiariaffasaéalaris;,¢;¢fff"f

ieHa?enfleﬂiB_ﬂé;nocirrosaff




?’*fi distributional patterns amongst the samples This is -
:“aj;}~emph851led when PCA lS applied to the 10 recurrent group

’"5357 spe01es Examining the 45 samples in two dimension W1th

g respect to only those 8p801es which are a common part of

’.;.fieach other s enVironment there 1s still gdod separation of

:htﬁjt the samples but 52% of the variance is explained _Q:ff;fifiﬁkf

7 Varimax rotation of factors was not as useful as was :f;?kff;
‘Jf?{f~hoped either particularl9 when applied to the 29 variableffffffff

e dataset However, the first factor does have exceptionallyf?ﬁg‘“;f

‘ high loadings (sharing at least 50% of the variance with - :
that factor) for the highly intercorrelated three specles 5*¥~ o

"'iTQj;group determined earlier In fact when all variables‘d_

L sharing at least 25% of the variance ane 1ncluded all but‘

f[@?;fthree (Tuvensis A E




intermediate ievel g ymgrghu marilis uses G gcgstri as

l. an’ 1ntermed1ate host however. this is the one species for ﬁf}fé

ﬁgwhich there 1s priqa ?a01e ev1dence for facilitated bransfer_hﬂ
| (Bethel 1972) The hfe cycle of H mlanittg 18 uniknoun.:
This evidence suggests that the variables 1n the first and
-iihh%'third factor are f;ése species which cycle thhough thei777ﬁ?:ﬂb

"ii;,fpreferredfuood of lesser scaup '*‘”Jgifff’7-:[?77795
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o BV |
»n_drawn and some interesting ideas generated, Reiterating that_

[
replicate samples of lesser scaup are probably the closest

. thing to exact replicates available in a field study, there

; fis a h1gﬁ degree of SImlﬁarlty. between infracommunities. of

| ,'samples over a substantiai portion of their breeding range

Perhaps the most interesting feature however, is that

'.c»replicates from the same lake are generally less similar to

‘each other than to samples from. vastly different lakes This"
© hae- some interesting ecological implications First th Y |
, samples (lesser scaup) themselves seem to be the most

important variable to the helminths responsible for the f,

: "similarity of those samples This is apparent even when 55

f ;other variables are’ examined Second helminth species which“
-,do not contribute to the basic similarity of the saMples.
“over the entire set ot samples, do. not appear to provide any'
'ﬁ?similarity within particular lakes either In other words, '“1
-'lthey appear to represent chance occurrences One mightethen
'.suggest‘that the helminth infracommunities in lesser scaup
. are characterized by two elements deterministic species f'

‘that integrate these infracommunities providing high

‘i'simitarity between- sdhples and the stochastic species |
_‘providinq most of the: variance between samples A further
j:suggestion is that the deterministic component is composed
"lprimarily of two'“intermediate host suites of helminths, t-
i.those cyclinq through H. g;tggg and those through G.
‘“=1ggg§t_1§ Unfortunately, the life cycles for the infrequenth‘n;

i*bstochastic elements are. unknown locally 1f one can assume



N L

’2‘.s3between H ginoc1rros ‘H. abortiva, and H

%6

v .

l 'that the life cycles of these are generally comparable to

\

| lintriguing They appear to be th_gk

“one hand and H. tuvensis and P marilis t_

Bt belong" to lesser scaup As such they might truly be a

‘more realistic recurrent group than the nine species

"‘;'others in their respective genera, they typically cycle '

,.:through copepods and/or ostracods

The relationships among the variables also provider omef

'»;'interesting 1mplications The con51stent relationships g

' la on the 2

‘r_he other, are

elminth species that

'--previously suggested Furthermore their tight relationship

difficult ‘to define They flt the classical desqription of

‘-T_may suggest long evolutionary association with not only the rf‘
| hosts but w1th each other as well They might be thought of
- as. tWo co accomodated (sensu Brooks.,1979) groups one ysing

ﬁ\ gzteg and the other using G lacustris as intermediate ‘.{]{
hosts but both using lesser scaup as definitive hosts.,,t;i s

The widespread generalists (e g ,f_ gragilig) are

‘r

.habitat generalists. common in occurrence but never B

abundant at least when compared to other spectes Also.,bgff

- they tend to be species that are longer lived.lrequiring
| ”psubstantially more time to complete their life cycles They
- might\well represent species with even longerlevolutionary

fnhistories such that they have successfully exploited a

' "'s":“'.'f

'.”number of different habitats whereas the previous speqies

'"*‘comm ) has evwdence to suggest that some of these "lesser""'

o fseem to have.ﬁapioited only lesser scaup Butterworth (pers *ﬁ”f




.f;uscaup"Fspec1es (e g .‘Hflspinoc1rrosa.vﬂ; tuvensis) may

'i;'finvade other hosts although not nearly as consistently nor hfcxw

VHh::fW1th the numbers seen in lesser scaup Perhapsrthese specwes hiif;~

'hare currently 1n the process of explo1t1ng_new habx&eﬂs If

'~7_;ﬂ;this scenarlo \s cor&ect one might well expect that there

hgwould be speC1es that are currently 1nvad1ng lesser scaup

'g th11e ma1ntain1ng the bulk of the1r populatlon 1n anothee/:'}ijfhﬁ

. fﬁ;(or other) host(s) Th1s appears to be the case for at 1east

'"«fﬁitwo species,,Retinometra xrtoide wh1ch 1s a parasite of

:h?ruddy ducks (Oxxur R maicensi ) and H melan1ttae._3ff'7*>?i “:hﬁ

: ﬁparasite of wh1te w1nged scoters (Me]anitt uscg) Although

"‘1tithere may well be other examples Of this, further

”fg;speculat1on 48 thwarted by lack Of knowledge abth I‘feﬁ

- *ffcycles for most of the 3990135

S R
e : Lo




, ‘a, "ifct.il Infracommunity Structureg 1’ S
,nil have presented eVidence to suggest that there is . a’
_-Q:fundamentalESimilarity amongst all s;u.ips of lesser scaup,iqst;_

tends to be lesr L

| twee lakes, and that this B
dr:fsimilarity is due to a: relatively small group of SpPCleS Ebrd
js%thhese 1nterpretations are based solely on the presence and
}faifabundance of SpeCles and, although they are appropriate to
:f”ﬂ‘addreSSing Similarity questions, they only suggest broad
'Fff°structural features (i e distributions’across samples)
f?ffﬁlhey do however totally ignore any organizational |
fﬂt~Jrelationships w1thin the actual samples It is at this »
latter infracommunity level that one might appropriately o

S,

vmake further use of the data _>;;;hf¥ff5ill'“‘

In an important theoretical contribution on community

structure Caswell (1976) squests that functional and

“ffﬁ structural approaches to a system are not totally‘._;f[?f? o

| independent He infers that one appﬁpach may\be used in an tf?¢7f
'1f attempt to provide information about the other or more ‘d"p»‘;
' ’;ly, to elucidate the relationships between components

o .3th§?*particular approach He notes that a functional
1ﬁfifapproach addresses dynamics of behavior and development
it,tdwhereas a structural approach emphasizes the actual |
f--*_‘?_'i,.,-comonerits e R e e :
i:'y In defining a structural approach Caswell identifies
“flf“five features of the components that merit attention' their'
fn};gnature. numbe'“?distribution,.arranqement. and*pattern of




""“_’3interact10n If "the1r nature“ refers to thetr basfc blology*iff

"Jt'ff(e 9. ltfe cycles) then the former two features have been Tt

5'ffhused 1n earlter arguments It 1s the latter three features n;wif

”5{f]that will be addressed 1n the rematnder of thts thes1s

There are several 1mportant assumptiohs lmp1101t in theifij

"*”lf;following analyses that must be addressed Flrst it should i

R *'ﬂbe noted that much of what I dlscuss W1ll be features that ;?f”

'Efoimost ecolog1sts would ltken to ntche dlmens1ons QUlte

. blffrank1y, I have no Idea what constttutes a "niche“ fOr any

:'”5jfof the helminth spec1es Classically, ntche 1s most commonthJi{

"*‘:Trelated to food space ut1ltzatron or a combwnation of bothrf”t

o fit(see revlew 1n DeBach 1966) I do‘ﬁot know the food

"nfffjrequ1rements for any of the spec1es 1nvolved 1n th1s study

| *VlyNe1ther do I. Know. other thanjtn a general sense, the ;ffﬁff{fff

”?fbfavatlabillty Qr type of food along the conttnuum

ulyiFurthermore. the only data I have on space ut1l1za ion is

""l;the ltnear dtstributton along a. well 1ntegrated cont1nuum Itf};ﬂ

"*fﬁ;have no evrdence for p0551ble radtal dtstributtons which

’7'fyjhave been consldered lmportant 1n some stud1es 1nvolving th&fﬂ*f

“f.};.dfscriminate._engu}fing guild (e g v Schad 1963) The firstgﬁlf

| 533]assumption 1 maKe s that, although 1 cannot define a nfche:jfj]

j?h“ffor these specles._they def‘”e their own reallzed niche by

"sﬁpthelr dlstribution The rationale suagested here ls that

"7ivalues. and thelr varlances. P”°V‘d°f*heub°8t

7ftlﬁ;measure of realized nlche.

{ff;!when averaged across all 45 1nfracommun1tles, these averagevfﬂ;?’

£.

avallable

L fihefsedond assumption I maks ls
”Q;ff;that these same dlstrlbutlons._when_summed across»all 45 5




J“tspe01es fundamental niche In other words._it IS a clue to ff575'

~ffff_igg§_ Di§tr1bution of Scagg Heiminth '

v .

fkfdinfraCOmmunities,,prov1de the best available measure of a o

d}Tiftheir potential distributions The true fundamental niche
jfffeannot be determined w1thout experimentation I aiso assume
,{5dfthat the median 1ndividual of a population 1n ea;h sample is
5rf£;the best available measure of 1tscgocation in that sample

9“\f;and that for each spectes,tthe mean across sampies, of the i‘fﬂ

Ajhan w1th1n samples. represents the best measure of the

uhi_fbreferred location of that spe01es Finally. I assume that lffts
ei:;isome resoupce(s) are (or become) iimiting within the gut L
a‘?;fThis has not- been addressed for the present system.’but
d*;fiexperimental evidence has demonstrated that nutrients.

';¥ffpart§CU]aF]Y carbohydratesv can be limiting (Read and B
‘f?ngothman, 1958 Read 1959 1970) We do not kndw to what .‘”‘v:
.{~¥fextent if any, nutrient avaiiabiiity or concehtrattons vary

tf]ffin natural systems t fifffffﬁfﬁffﬁ#lfgffgfffﬁ“ﬁi?lﬁ.ifyif*;l

One of the striking features of this system is the -

'*"equential distribution offheTminth SP°°135 along

L.'J”the intestinal continuum Averaged 8°"°33.45.samP]es’7 the
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o the distributional measures of each spec1es were presented

‘ti;fin Table 5. In this section, I examine these distributional‘f“fii
“"jsmeasures and the patterns that emerge " w;1 i"' ; -

p | For most spe01es, variances of the median p01nts were |
fff}?small (Table 5) suggesting considerable predictability 1n

'fff;the location of each species Considering that the entire

ﬂfgjcontinuum mlght be available to each speCies. the variance

'ﬂsof those median points are qu1te small 16% or less, of thé

.f}icontinuum W1th three exceptﬂons, the variance of each #
fhfffspec1es median poiﬁ§~was between 10 and 20% of the spééles
fk;fmaximum rangew The exceptions mg_gnit_g_ Hymg___gg__

" i;f9pjii, and "O”; are infrequent species with small ranges and “ﬁ

Z‘drrelatively large variances | T
FEE The sequence of species distributions along the PO
if:;continuum was highly predictable A series of 50 random f}fgf;ffﬁn
;ff{pairings drawn from the complete dataset producéd very

ti;éhigh rank correlations (rho meae 0 89, s d 0 07

tr;grange=0163;0:99) The nUmber of species in common for these |
73£ﬂrandom pairings ranged from 5 to 16 (11 +/ 2) , ”" :
With only one exception the median point of.each

;;;fspecies population within a sample was nofhcorrelated with




fffrievei of this speCies 1ncreases.,the median point moves jrrif;?fjff
qifianteriorly aiohg the gut *;5fgjtyfﬁ"ﬁ ) s- e  f"H“”“'
_(l " The average range occupied by individual species E
;hispanned a third or Iess of the continUUm One species H |
fffé ginocirros occupied a substantialiy greater portion

'iff(41%) For most species. inciuding ali of the more frequent ;gfffff

fflﬁspecies,;the range in each sample was highly correlgted with*!ijJi;

;fifthe total number of individuals of that species (see Table

:7710) The only moderately frequent species whose range was Mf{fffifi
?gjhindependent of totai numbers was D Q__QQE__ e (R0
K:fi_ The end points of distributions show several

'5ffinteresting features First there is no POPt‘O" °f the

'}foontinuUm that is not habitabie by at Ieast four helminth

ii1TSp°°1°3 Second °°”31de?1"9 average end Points and'their 3fﬂ?}§f,
ipﬁrespective vg;iances.%there is good Peason to SUBpect e
?Zéconsiderable overlapping between sequentiai species pairs
fiﬁaiong the continuum Finaliy, oorreiations within samp1es'-&;#¥;q?
tt;betw°°" th° total nUMber of individUAIs insn species and thej?;if;;
;sfend points of that species distribution show four patterns{:;;;fff
"“ ”"‘t P’"’"‘ that emeroes is that for the ]-::.88‘_ f"aquent,;}%,,.'57’5.{‘:-:‘-_1.‘1."":5
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';fabie}ib;' Directi°" oi significant correlations betveen
L b”‘?fkefthe total number of 1ndividua1s in a apecieu and
o ﬁ;.;f\;e'; ;that 3pec1ea‘ anterior or posterior end pointa.ﬂ
o ' ~; Also included are those apeciee whone ranqe “"

't=;4sign1ficant1y correlated wlth the total population

.7x?o£ that species.» All data represent correlations fiﬁ3"'
fofwithzn samples and only speclee with'exgnificant

w"?correlations shown.

AnteriOt . "Pbeter*io'r'" T:'.'}»f'. S

':%fﬂﬁ End Point i EndAPoint nnnge ii}'*r

’”fffFimbriaria fasciolatia

U J{menolegi ginocirtoa
.:é;fi‘ﬂ.‘abortiva A T

:Vf ehinoggrxghium recurvatum o
Agat guenu i
v ateriggru k:jabini
fnetinomotra‘gitealuga
}Polxggrggu .marllil
] 1eranngloni “? ronula

fpolinta .




"}ff} 1ncreases the anterior end p01nt moves anterioriy and the

"Jif@posterior end point moves posterioriy These species 1nolude

Kr]abim, R gittaiuga and L. marihs The third and
fffﬁf;fourth patterns are those 1n which there is ugilateral

'i"f;tmovement of . end point*"7F1ve 5960193 ShOW 2 pattern in Wh'Ch

3[e,ifF fas01olar1s, H abortiva H: g sili H tuvensis L S

?'fgffthe anterior‘end p01nt moves anterioriy 1n response to 'ii‘ff:‘

';fthincreased pOpuTation levels while the posterior end point

T;anteriad movement are ginocirros H recurvata H

;fio};mi”r“skrfabinjj Tuvensis A and A grg01ij . The remaining

ffIn generalﬁ_the varaancef“associatedAwith these_g“*TJ

ijdoes not move Significantly The spec1es showing th1s,]j3gf;;f"



Figure 10 Comparlson b?tween Halr s (1975) resundidiuﬁﬁ,ffj

llnear dlstrlbutlons for the 11 most abundant

spec1es 1n his analy81s and the distrlbutiof'h

of the same 5p5c1es in the current ana1y91s;f

/

Data presented are derlved medlans (vertical i

“lfffbar) and l staﬂﬂard dev1ation (box)

7';tlength of the line represents the average

“};fffrange occupled Halr s data are 1n dashed

ﬂﬁafllnes, the present data 1n SOlld llneslﬁ'tt

H

ffValues assoc1ated w1th each dlstributxon'are

‘_the number of samples infected/mean number of

31ﬂ1ndididuals found ‘Horlzontal axls represents ;'

; nsintestlnal continuumj_iF;f.=F1mbriaria

fasciolaris, L s =Lateriporus‘s rjabini'¥

ANH r =Hymenolepis recurvata, H m.-gymenolepisg"
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"'gg;Haxr s study (dotted 11nes) and the present study (so1id

.ﬁtf11nes) There 1s remarkably good correspondence between the ':Td;

J“ﬁfidd1str1but1ons of 1nd1v1dual spec1es along the continuum

>°;ifPerhaps the greatest d1fferences are for L KEJQQ1U" and

: .Ef;Dic coronula In the present StUdY. L .bﬂléblﬂ_ had the

. bulk of its populatwns posterfor to H ——-——9——-e°“'”" ta as. °p'°°sed
'dﬁt'ffto anter1or as 1n Hatr_
‘%f?ieD1c coronula was subste:t1ally more POSte”iad i" the
2ﬁ_tf[tfppesent study than in Ha1r s, In terms of average numbers. P
'°”fﬁfquair found substant1ally more F fasc1olar1s. R gtttalugai:y :
NJ..t* and H m1croskr3ab1n1 and 1ess H Qgilllé than 1” the ﬂ
:'”? } present study In a thtrd study, HaﬁF”and HO mes (1975)
"*htiffexamined the d1str1bution of he}m1nth spec1es along the
'tf:wiffcontinuum of 10- lesser scaup cotlected from Cookxng or
Tt‘fffiHastings Lakeshs

n'7°7ficut the 1ntest1ne 1nto 10cm sectlon"”:‘atheP than the 5%

| fdata’%The anter1or end p01nt of :hfitti

‘using sl1ghtly different ,echniques They

- 7fsectionsftn the other stuﬂ1es. Thus the numbf“ of sectﬁons




;5f57d5155?£5?5f5555f~1[lf;f‘f?f;;5*5779~;”5f.--:z;*~¢;:=:,;. il
B
""frfj(u The results of these measures of l1near dtstributlon -

t%i?iseem rather °°”°'“5’Ve tﬁéfnﬂ“"da"t and frequent helmtnth .
‘lhiiSPeC1es in these ‘“fﬂacommunities occupy predtctable Qﬂfﬂfff"”7§
ihﬂilocations along the resource gradlent This observation is O
112,; onsistent with that of Halr (1975) and Ha,r and Ho,mes

. ‘ ‘975 l S T e

The very low variances assoclated wwth the medlan po1nt

would suggest that lt 1s a useful predlotor of locat1on ll;flﬁl

Although most specles ranges were correlated w1th v
populatlon size the medians wlth one exoeptlon. show no
slgnlflcant correlatlons wlth population sizg This further

enhances the usefulness of the‘median and suggests that the »ltf

:*fmedlanfpolnt represents the pr?meflocation along the gu““
gThe exc *tlon 1slﬂfhwff**“g:ff'f whlch appears do have 8
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’explanation seems unlikely, either the first thevihirdq or
)~a combination of the two may be operabionalt‘

An additional four speCIes lCot hebraicus. Cor.

f‘{constrictum :;Q ggslgggig. and R. QXLLQLQQ.) are frequent

»

1s'but never abundant Neither ‘the anterior nor, posterior
pOints of. these four specves are correlated w1th respective‘
population size but their ranges are Thus, as their |
| population levels 1ncrease their range expands but in aai?”
_.unpredictable fashion ‘ : R l_ R L
Seven other species show a similar pattern of 1ncreased‘
range with increased population size but in a predictable
pequilateral fashion In short they-show unimpeded range
&tension o o

All of the remaining speCies show un1lateral expansion

) té

. lfrom the median ymgnolegi spinocirrosa, H gcgrvat

Aymicrgskr]ggin Tuvensis A, and A gracilig all exhibit an '
anteriad range extens1on in response to 1ncreased population*
levels Wlth the exception of Tuvensis A, these species are
-all found in the anterior region of the 1ntest1ne
'*’Dicranotaenia coronula Dio xcgntricu Ungiunig n. sp., -
and E. recurvatum'show the oppositeiiﬁéponse a- significant l“b
posteriad extension Dicranotagnig gorggg and Dio
gxcentricug are spe01es found in the posterior portion of
»'the intestine The remaining two species are found in the
.anterior portion, frequent;;»in the first section. thus an |
"anteriad movement would be impossible These latter o

observations suggest that some helminth species in these
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1o

i‘infracommunities are uhable to expand freely along certain

4

'*portions of the continuum WHether this is. due to
finteractions w1th other spe01es dr to phySiological
‘ftfconditions prevailing in the (apparently) unoccupiable

:»]portions remains a question to be addressed experimentally

In summary, measures of location suggest that the

' hispecies have discrete regions of preference but. in most

A .f cases. they mayeexhibit preddctable changes in response to

fchanging population levels Perhaps more 1nteresting,ath_:f
‘sequence of spec1es along the intestine lS highly . :

A» predictable

4 mm_t.x Models

| The patterns discussed in earlier sections imply a

t
t

thfinite element of structure within these intestinal

”infracommunities particularly.ithe predictable sequance of .

: f_,‘distributions

There 1s a growing body of literature in which

biologists are developing conceptual models in an attempt to .~‘

B understand patterns observed in nature Caswell (1976)

\
’*'”.

\presents 'y recent review of these models a5 they app]y to SRR

questions of community structure » . _ o
o In a recent reinterpretatién of MacArthurs s celebrated

“broken stick' model De Vita (1979) provides theoretical

o and empirical arguments to suggest that the model may be

used to exahine njche distances alongra single continuum I fgf
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his reinterpretation, random pOints are thrown on a stick of

length c (which represents the length of a continuum) The -

‘fify*points represent the means of resource utilization functions o

”7talong the con nuum and the lengths of segments betweeniia T

adjacent Pt ints represent niche distance between adJacent
bii;spe01es Differing from the original interpretation each
"lt5p01nt. rather than each segment, represents a species |
| De Vita (1979) notes‘""' 1n the present model
assumptions relating tg variance of utilization are not
_jtaken into’ account and thus do not play any role in j75"oh
;w_udetermining the species pOSition along the continuum as. in
. other theoretical models In this wey, the.model.,.d .s,V
"v‘not necessitate assumptions concerniﬂgﬂriche overlap | .”&‘“
The mode 1 has one assumption that in using a resource, ,f
Qfspecies do not interact sufficiently to affect partitioning
f::of the resource The model requires that 8. single resource
| ‘*~dimension be considered In short /it is a random model
?Tw‘.assuming non interaction along a single environmental axis
I There: are two reasons why this would appear to be 2

| a’t1°U’aP‘y appropriate model with which to compare 4"”55ff

v"““.w.', .

.fhelminth species along the intestine for gandom ‘
| "fdistributions A single resource axis is appropriate to
o 5helminths since location along the gut is correlated with
»p"‘most env1ronmental factors (see previous discussionls |
'~ Second, ‘the’ resource gradient is finite. 80" that  the o
azfiendpoints of the continuum are objective, not subJective, as -
fiin the three datasets used by De Vita to test the model _fj?



g 1‘2" f:,

' g gstlna Helmtnth Parasites __g the Brokgn Stlg _ggg_
| The model was used to generate predtcted values for,fﬁV'l

nlche distances ln systems wlth n=5 20 specles and a

resource axls 100 unlts long The mean and standard \
devlatlon was then calculated for each n Observed values
.'tf were calculated as. follows For eaeh 1nfracommun1ty, the
ht(f medtan of each specles populatlon was expressed s a
”Vf percentage dlstance along the small 1ntest1ne and the i
dlstance between adjacent palrs calculated These dlstances,T"fli
5 were then ranked and the mean” andﬂgtandard devtatlon S
- calculated These values were then tested agalnst observed
'htf valuev Uslng the slgn test The slgnlflcance of the slgn o
”i; test was determlned uslng values of t as suggested by Sokal"i'"h
| and Rohlf (1969) | o J' | o .' I
Inltlally, the dlstrlbutlons of all helmlnth specles ]tﬁffhff
w1th populatlon levels greater than 10 1ndlvlduals were ':; »
compared with- random dlstrlbutions generated by the fh'7:' g.
‘ broken stick model There were no slx specles or nlne S
'5} specles 1nfracommun1t1es otherwlse, the number of specles :' |
per 1nfracommun1ty ranged from a low of flve to a maxlmum ofjfﬁ”j;
20 Flgure 11 1s representatlve of the distrlbutlon of nlchef}f/fg
dlstances for the two samples of 8- specles lnfraccmmunltles f;iﬁﬁf,
versus the predlcted dlstributlons of an 8 specles ' :“,: |
1nfraccmmunlty The mean distances 1n these 1nfracommun1tles:}'*'“
~could not’ be dlstingulshed from the predlcted mean '_ o
dlstaqpes Frcm Figure 11 1t can be seen that the standard

deviattons of the mean dlstances for RSB2 are very close to'{fffﬂf



. Figure 11..

.__;represent empirical distances; stara represent ;;jb;; o

.Niche distances,_ranked by size, of intestinali’;ifff:7:
; } ;he1minths in two infracommunities._ Open e

’57.ﬁcirclea répresent predicted distances generatedfff}ﬁ'““

i nC

"Vfﬁgfby the broken—stick model; open squarea

NS

~,,._;:,_;_.the upper limits to the continuum. solid

'TVT.{; fcirc1es the lower 1im1ts. RSB-2=A,.Ty-zuB.-Vﬂf?37'”"
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S ’Lifféff}ffifliﬁj;3fbﬁﬁfiQiié{fff;
= »_dtipredicted values whereas the standard deviations for TY2 are;fiffi
‘rﬁffé;fsubstantialiy different 'd p‘h | " "l e Y
S Nene of the mean distances in any of the 45 _
»d"flinfracommunities cculd be distinguished from predicted
_;%ivmeans however, almost all of; the standard deviaticns for

- these means showed'the pattern typitied by TY2 (Figure 12)
_pj:;t‘The mean deviation for the observed distributions was |
‘tdi{e;significantly iess (t 4 32 p< 05) than predicted from the
i'“vfff{modei Because most infracommunities exhibited the pattern .g'"
“wiff';iof standard deviations shown by’ TY2 an additional test was f%
;‘fatffrperformed Five niche distances (the maximum. second "J “
llit;}fflargest median. second smallest.‘and the minimum) were
_;}f:f?fcompared é%’?nst the respective predicted distances from the
"3”ﬂff;mod 1, usin; a sign test (Table 11) Note that the maximum

V*ﬁfgand second largest distances were significantly smaller

“”“L;;while the median endtsecond smaliest were siqnificlntly

""ffiarger.“There was no_ significant difference between observed i

if??ﬂ}:fsnd predicted minimum distances both were close to zero

A seemingly logical step was to reduceifte.dataset and

'”tti:;compare the observed distributions of the specxes{compri*tng s




Figure 12. Standard deviations of the mean distances for

SOIld ‘1line: represents
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- 75fﬁipattern to that noted above was revealed the larger

N wﬁfl}distances weré s1gn1f1cantly less, the m1ddle and smaller

"'-fj?1519n‘f‘cant]y gpeater, and the smallest not d1fferent

F1nally, the d1str1but1ons\of spec1es in a large

;777}?f spec1es flock“ (very close phylogenet1c relattonsh1p) were 5t?

fitqiifcompared w1th the model Thls spe01es flock accounts for fﬂﬁfwf

’fﬂff;ﬂtalmost all of the individuals in the system and 1ncJudes H fff{
itfazifsgg ggglrrgsa. H gcggvgt ,,H tuvensis, H grguatg l
. ffffgggrtlvg. H guglllg and H mlcroskrjaglg There were fo

”"”liﬁhtwo species lnfracommunlties otherwlse, lnfracommunlty sizeeff

:‘“ﬁffranged from one species to s1x species AS ln the preV1OUS

,']f,]}two analyses..the mean dev1atlon was signlficantly less ;ﬁ*ﬁaf‘
”ﬁlfg[:(t=4 63, p< 05) than pred1éted by the random model A

lVﬁqﬂffcomparlson of the flve nlche dtstances revealed a sllght]y

7¥4ﬁiu;d1fferent pattern for th1s reduced dataset than was seen 1nitfff

~”ff§_;the prev1ous analyses (Tablei11) As 1n the others. the jdlfﬂfik

"”ifsmaximumudlstance was agaln slgnlficantly ‘maller than ;ff;5*i”;"

"s,predicted %however, the second largest,dtStance was not' |



:n_f?at the furthermost ends of the resource cont1nuum, 1 e. ,;theflllaf

'laijd1stance between the resource m1n1mum and the f1rst spec1es ;fﬁ?§7

1f}i§mean and the dIStance between the resource max1mum and the ;foV;

7ﬁff’last spec1es mean “; These 1ntervals can hardly be

13ff;considered niche dlstances but are nevertheless necessary

ff"fgfor model comparlson s1nce equat1on (1) does not spec1fy

7$§?the order of generated segment lengths Add)tlonally,__h_._‘_.A_ffff'.'j_f-,_“-"‘-'7"7“T

E tﬁftendency for the largest segments to fall at the ends of theﬁff?:fu

".lcontinua suggests that these port1ons of the cont1nua may be}ff?f}f

'fﬁ;_nonuttl1zable (1 e. ,_nonproductive unavallable, or of a

v{*5haP5h PhYSical nature) and thus not appropPIate to the fil*”"xttf‘

e
RTINS

cpresent anaIYS1s'"13ﬁg;F;r--fm:.e

In the current analys1s,_the ends of the continua are

\

fffgavailable and are used (though not to the same extent as thef{f;ff_

,}fiM1ddle portlon‘-'s%e below) However. USan medians as

'o'be very close to the ends Therefore a

jfﬂ;locators ‘does mean that there 1s a reduced probabll1ty for ittffff;

! distributions was approprfate_;;f Sk



eTft“ZIhus, the analy51s was based on e1ght seCthHS

”37?;fdistr1butlons of the medtans were not swgn1f1cantly

f'f?fmathemat1ca] propert1es of the med1an (a§ noted above)

When all of the 5pec1es were consi ered theff?iu

f“ﬁtdifferent than pred1cted for an eQUal d1str1butlon between 131{37

:‘Tfithe e1ght sect1ons (Chi square -110 79 vs Chi square of

e

‘*}{1f14 07 at p< 05 and 7 d. £l ) The distribut1on of the mediansiﬁi;f%

"1if#,shows some tendency fOP the mtddle Of,thq}QUt_ti«”

“?”5(57 55, 62 67 69 85, 64 52 in sect1ons 2t09, respectively)

x”hfﬂ;preferred than the ends When aPP]ied to'the large absorber

’ff{?iguild and to the speC1es fiqpk the same analy51s shows a'ffi;f%f

75f;fdifferent pattern Whe d1str1but1on of medians for both of _”3

}ﬁj;;wthese datasets are s1gn1f1cantly different thah predicted
”ff;(ChI square 20 01 and 48 67 respectivelil

versus 14 07

iwith 7 a f ) The distr1but19n of the medj'_s_1n'sections.2;;;55i
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D1scuss1on U
a

When compared thh the expected values from a random

' f{iffmpd'l the results are not compat1ble w1th a stochést1c ‘p

5if?assemblage The sign1f1cantly lower var1ances of the

.

“{gfobserved data compared to the pred1cted variances strongly :

lk"l‘:"'pﬂ MR P R ‘."“. LR

’”:fyc,supports this conclu51on Furthermore all three datase&s t}i;

“T’fffshow this same pattern of smaller var1ance That the largest

\

‘7*i;3distances are smaller. and the smallest d1stances are fj;;;fjig;

“”Z"Zf{1arger, also suggests a pattérn more regulaﬁﬁthan expected

ﬁ”$[.;jby chance Th1$ regularlty Of patte"" is apparent Whe" the

ﬂf hree datasets are compared with a model whlch apport1onso
,;jthe medians in equal sect1ons along the continuum. The lack

”-'vrfaof a slgn1f1cant d1fference between the observed and &
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In short the~structure:ot these . infracommunities_is not
- that -of - stochastic, non 1nteract1ve assemblages Rather, |
»they show features one. might expect for an . 1ntegrated |

fdeterministically assembled 1nfracommun1ty In the follow1ng

section, analyses of 1nterspec1fic associations w1ll be

'Aexamined in an attempt to explann these patterns

. . 7 .
o . SRR I

At this point it would seem hard to deny that the -

‘helminths compr151ng<the intestinal infracommunities in

'f;lesser scaup show not only regularity in distribution but B

. an apparent specificity to particular areas along the p g - ‘
. continua Yet the data on end points of distribution (and

"their variances) presented earlier in Table 5 suggested that
8 considerable amount of over lap was possible among adjacent

fspecies This raises an important question;: What is the

8

o pattern of coexistence within infracommunities?

The search for patterns of coexistence has generated a

plethora of indices purported to measure niche overlap and,

‘_ by inferenee. competition (e. g ' Colwell and ﬁgtuyma 1971

‘.Pielou. 1972) None has been found universally gbceptable

fIn fact it seems that no sooner is a neW‘index proposed |

a_(e 9. Hurlburt 1978) *than it 1s criticized and a newer

"; index i8 proposed (e g . Petraitis. 1979) The problem seems 7"

;these indices in light of the assumptiogs implied by the

- to arise from ‘the interpretation of the results of any of



cTtindex or those assumptions nece551tated by the dataset
dustification for the assumptions related to the

present dataset have been presented earlier However,‘one

: assumption requtres further elaboration Earlier I suggestedj_ ol

that the distribution of a spe01es, summed across all 45

1

! infracommunities.‘p_"7ded the best available measure of

{that spe01es fundamental

t‘sI have created an - artifi ial "46th bird", in effect ‘the- sumv,,i

/ of all helminth SpeCleS alon each section of the intestine.eﬂ'

'.All analyses performed on indivv ual infracommunities were

BEERN

'also performed on this "fundamental infracommunity"' Thej?

_rationale for using such an. approach is that considering

. the very abundant spe01es, the average nlche overlaps would“»'{:-g

:approximate random draws from the parent (summed

- distribution) population As such, sﬁatistical tests can befﬂf;:'

;used to determine if the realized niche overlaps (average
data) differ significantly from fundamental niche overlaps E

'(summed data) A 51gnificant reduction from fundamental

e.nlche overlaps to realized niche overlaps is interpreted as”e*

[

- evidence f0r interactiom between species.L-v,:w _
. To measure niche overlap,ft first use perhaps the -
:_simplest method of all percent simiTarity (equatlon 1 1n
”;Hurlbert 1978) This method measures the proportion of
individuals 1n two populations having identical 5
_-distributions.:ln short it prov1des a measure of the

;:minimum proportion of actual overlap between adjacent

especies That is also how 1 interpret the results.lth.lgd~fl_lbfid,_

"o,‘

.tche For the following analyses'-‘~f”

THRRS

}



*i”f‘galong the continuum

‘Chfminimum amount of overlap between adJacent spec1es pairs ‘f” g

s Another Simple method for measuring niche overlap, buttfﬁ B
‘f—one that takes account of the respective speCies niche

breadths, is that of LeVins (1968)(equation 13 in Hurlbert.;hj‘ffﬁ

»1978) Standard121ng by niche breadths results in '

"%:asymmetrical overlap and “in effect measures how much a

o 'particular speCies utilization curve.t overlaps that of

',‘ another species (Petraitis, 1979)

‘ Data on average symmetrical overlaps,_their standard

._.t-dev1ations. and the fundamental overlaps (46th bird) are le”

'.Hjt_Appendices 11 12,_and}

f'presented in. Appendices 8, 9. and 10, respectively These ST

‘{'same data” for asymmetrical overlaps are presented in 1»fsj e

l'

‘;f\spectively

| Because‘ f the ordered array of medians and specific
'flocations of spe01es discussed earlier, species at oppositef_ft””'
'V_ends of the continua exhibited no fundamental dverlap ‘

;vlnClusion of overlap data for species in which there Was noft_;;_

',_t;:fundamenta] overlap in any ‘of the analyses would be

leifmeaningless. hence comparisOns cover only species with someffi;_ifl

','overlap between fundamental niches Average symmetrical

,overlaps between species for which there was fundamental

't;ﬂtoverlap ranged from less than 1% (essentially no realized f;j;igaf

‘;than 100%)



*_{jranged from less than 1% to 46 ;.

Between the 16 most frequ@nt spec1es, average overlaps g

'_Tranged from less than 1% to a6% and from less than 1% to 65%;fitrfl
?for symmetrlc and asymmetr1c measures. respecttvely | X
:t ff W1th1n the 1ntermed1ate host su1tes,»symmetr1c a,q/ |
-f?asymmetr1c ovq;laps ranged from less than 1% to 35% and fromgtuffdb
.less than 1% to 54% respect1vely,‘for the yalell su1te b
‘e For the Gammarus su1te, these same values ranged from less

'Vfthan 1% to 27% and from less thanf#% to 41% The average

-ffsymmetr1c and asymmetrlc overlaps*w1th1n the valella su1te ffupf-5
;?were 10% and 12% respect1vely, the same average overlaps ,

7w1th1n the Gmnharus su1te were 10% and 13%

When the overlaps between the speC1es comprlsing each

f;of the two su1tes were compared the symmetrlc overlap

the’mean overlap betweenbjd‘hv

#?‘*~members of the two suites was, 15% The same comparisons for

"53[the asymmetrlc overlap ranged from less than 1% to 59% with

v“'thga mean of 15% There was no s1gnif1cant difference between
lﬁ?fﬁoverlaps when w1th1n suites were compared to between suites fi;;yb

”'LfA(Mann Whitney u test) *ff:,fﬁ}nf*cﬂffff5?Ag7;;“f~iﬂ~

Beéause the range-of a species distribution was

'*‘;;correlated with the number of 1ndlv1duals. thﬁ °V°"aps t

:Tffgiamong the three most abundant species were ¢°m93’9d ‘" the

‘rfjinfrgcommuhlty with the largest number of 1nd1v1duals (CH 2

7f1g]n=1oa 477lfand that with the smallest (FH 2 n=81l In the _;gf§?§§




1% and 1% respectlvely (to be c ared w1th a fundamental ffﬁi*tl

""‘-”'-*f'"f"'overlap of 5% and M. r‘espectlvely) For the smallest

Tftff-infpacommun1ty, the symmetrlc overlaps between H

ctrrosa”(n 42) and H abortlva (n 26) and between H

o fabopt1va and H Qu51ll (n 13) were 0 and 31%, respectlvely,ftt L

'iit;f(to be compared as above) Values for asymmetrlc overlaps

.fV_fshow 1denttcal patterns Extend1ng th1s analysis to the i S

' ~fentlre set of 45 1nfracommun1t1es, there were -no" s1gn1flcant(J““

(feftcorrelattons (p< 05) between the abundance of H jf*p'*’3h"“

ae;fl-glﬂggiﬂtgé_ and abort1va and thelr overlaps (r- 0. 08 a“d({hyd(p;
;j.ygo 3- r'eleeCtWely) or between the abundances of H. gbgrtivg fff‘;t(:
*iﬂihand H Qu§lll_ and their overlaps (ra_ﬂoz,and o 04

“'fjfrespecttvely)

\

_ .‘h»\ Flgure 13 presents the results of stgnifloance tests

“lff(t tests) comparlng the average reallzed nlche overlaps
:.ﬂu(symmetrlcl versus the fundamental nlche overlaps for the 161ﬁ¥;ff?f
i;"vf'»":;:‘_most frequent and abundant specles.;Note that almost all i
1(hfaavera9e reallzed niche overlaps are very htghly f{tfﬁbrl‘:ﬁ"’f
gfe;fsignlflcantly smavler than fundamental nlche overlaps S RCIEE
Dier '“fidnla7eorggglg shows some tendenqy to have reallzedjieg:tfff.

.;,iioverlap not 31gn1f1cantly dlfferent»than f““d!mentalfif”’

jfffwith some SPBCleG 1n thnpanterlor_nOrtlon of the QUt-;Figureffffl479<

Ajf;p14 presents slmular results for asymmetric overlaps Again.iﬁte,,arf?

fjffto seotion 15 (where »



© Figure 13,

1‘f£fsymmetrlc nlche overlaps for the 16 mOSt

5 ingwere made betwe‘
'7ifg§£undamental ovetlaps (seeftext for elaboration)}n*w'

***ap& 001' . **—p< 01 *Fp> 05 NSSnot

Results of signlflcance tests comparing

'?:fj;frequent and abundant species.ﬂ Ccmparisons ’:ngff{

%the realized overlapa and the

9?81gn1f1cant, L;average overlap*f 001,

'5fundamenta1 overlap;'






‘“Fiéufeﬁiéiﬂgnesults‘of s1gniflcance*tests”comparlhg

;asymmetclc'nichegover ;p' for thellsvmost







:fk“;ﬁohiééif,i¥

The maJor1ty of spec1es that were modérately frequent ':f:;:1
‘ffvﬁf];(elg ; found 1n >5 1nfracommun1t1es) but w1th few lii__ _;olhnl,,
'71ﬁlfﬁf1nd1v1duals. showed dffyéré~f’patterns For example tll;l, SENg
??t;;;ffsymmetr1c overlap between R cxrtoide and H melanittae washilj{f
ﬂi{100% The asymmetr1c overlap of R cxrtoide on H v

lf:melanittae was 100% the recvprocal overlap was also 100%

,ffNe1ther the symmetr1c averaged realtzed nlche overlap nor

l;the asymmetr1c mean nrche overlap dlffered signlficantly

}il,$rom the respect1ve fundamental niche overlap F1fty e1ght

;,%W-jf;percent of the real1zed n1che overlaps for these moderatelyiﬁﬁfjf

. 3.ffifrequent speCt

_were not s1gn1fioantly d1ffere*t?from e

vthﬂifffundamental overlaps Only 17% o“:the realized niche

lloverlaps for the 1nfrequent species (e gf"'

infracommunitles) dlffered stgntwucantly from;fundamental

nlche overlaps'



fgr%lhat difference was enhanced when speCleS 1n ewther °f the ﬁ?ﬁffl
f;;ﬁ1ntermed1ate host suites were considered When e1ther the N
?f:fmoderately frequent spec1es w1th few 1nd1v1dung or the ‘
}i;;lnfrequent spectes were cons1dered overlaps frequently
]f;;exceeded 70% often by a; substantial amount | T

‘““ Agaln con31dering the frequent and abundant sPeCleSr
iiéitheir reallzed n1che overlaps were generally STQNif‘ca"t‘y ti:fl;f

ifigless than the1r fundamental n1ohe overlaps whereas the

*{l?remaintng spec1es generally showed non;jgntftoant differencefg:fﬁ;

~fffbetween reallzed and fundamental overlaps

Colleotlvely, these resuf : "",uggest that the frequent

'nd abundant specles ln these t”fracommunlties represent

ndetermlnistlc elements wlth llttle or no overlap among

:djacent species Conversely;fthe more_lnfrequent. soarcer

:speclcs showvbroad overlap, either wlth?the determlnlstlc




}?jd?commun1ty structure have been discussed 1n the l1terature

lffjtdepth for?helmfnths Because of this, a more thorough

‘fiftreview”o' ﬁwnent hypotheses generated to expla1n

‘tiftfor a number of systems. this has not been done to the samejffﬁﬁQV

1ommun1ties w111 be presented t‘{_ffﬂf'fﬁ
s / ..'-"- L

“wed a substantial amount of the

:on”the dtstr1but1ons of helminth |

He concluded that }"'

varlety of host spe01es



»lk},jogicai extension of the first phasi”

:Aspecies increase unimpeded by others

ﬁﬂff speciesrip

}j | contact and the potenta'

i hypotheSisrthat paraSite communities exhibit patterns jf*-"*tv'“

riff7f' conSistent;with chance coionization by spec1alists

Wilson (1969) advanced the theory that there were four

phases 1n the~development of a community The initial phase

pi'ﬁ”; 1s one of nonvinteractive spec1es equ11ibrium" which is e

\ ) .

essentially_yhat might be expected when resources are

under utiiiaeé Coionization is rapid and populations do not

reach sufficiently high numbers to interact The second »57f}:

phase is that of "interactive species equilibrium", the

*As*pcpulations of

(phase 1). they

t_'-j__ultimately reach a p01nt 1n time where contact with other

_i_for inte,action are realized‘ The f;f}}

i assortative species equilibrium“ is one of

ineVitable During this phase._interspecifici;ﬁﬁ'ifgff



5H3,fof‘W1lson (1969) but at <éﬁts1te ends of the spectrum
Holmes select1ve 51te selectton 1s a restatement for

helminths of anfevolutwonary spec1es equ1libr19m whereas @

°Pr1ce s colon1zatlon by spec1altsts 1s a restatement for

fiﬁ‘paraSItes 1n general of a ncn 1nteract1ve species vxaif-*.uuuufeqry

;};%fequ111br1um ~¢_;-:_f&]}¢jf}ﬁ}» :fy}%'ﬁj]gﬂ

Results fnpm the current study do not prov1de exclus1vef3;}?§j[u

:tifiSUPPOPt tO e1ther hf:;thes1s There appear to be two 'f"ff:fht'“"““
if;*components comprisinghthe~1nfracommunities 1n lesser scaup 4
"*{the frequent, abundant specmes anf:the moderatel; frequent."

€scarce or infrequent, scarce speciesf’Spec1esfcomprising.th*




’_show less predictability 1n location may be randomly : 1' P
?distributed, and show cons1derably higher niche overlap with fw,t

f'other speCies They fit W1lson s first pattern of " o
‘nan- interactive speCies equilibrium, in ‘Price’s (1980)
,iterminology they represent chance colonization by L

spec1alists Based on available ev1dence these are sgecies °

that are speCIalists)to other hosts Furthermore where

. Known, the evidence suggests that these spe01es 1nvade scaup
i7by us1ng preferred food items of lesser scaup.

| GIn summary, ev1dence from these 1nfracommunities 1n

-.«:lesser scaup - concurrently suppopt the" hypothesis of Holmes -

‘(1973) and that of Price (1980). suggesting that observed
*community structure may, in fact be the . result of a |

. multipliCity of 1ndependently operating mechaﬁ%sms The
'frequent and abundant species appear to be coevolved (or

| coevolving) species. at ior past) the stage of competitive
”interaction. evolving (or having evolved) selective site . |

°;_selection to permit cdexistence These are. species which ;iaéu
"appear to have a long evolutionary history with waterfowl ihf'

Itgeneral or lesser scaup in. particular The remaining species:"

1

vappear to be specialists from other hosts, acting as

_O,

‘invasive colonists in lesser scaup

oo Lo . o - .o : . . R .
: ; . S o : . z . e
: RN 4 . - . N - . . e
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’VITT Conciuding Remarks : .
f.TraditronaITy‘ questions relating to faunaT 51milarity and

. those relating to community structure are treated as.ﬁgfj'»:'

independent subJects That is the treatment they have
'pmreceived in the current the51s However, the data presented -
”vhere suggest that the two approaches should be 1ntegrated

:‘,more thoroughly In fact the data suggest that the empha51s |
’should be pTaced on comparing the deterministic versus the
'stochastic components This conclu51on, that community |

structure is the result of mechanisms at opposite poles Zf

an evolutionary sequence has some interesting implicati ns

"“‘to fundamental community theory (discussed below)

Although most features distingu1sh1ng deterministic and

o stochastic groups were addressed explicitly, others were')'

L onTy implied Therefore, a further examination of these two
groups,. using an:cdotal evidence (where possible) to hf f‘a iti;t
ﬁsupplement stat?stical evidence presented earlier, is‘ o
o;warranted TabTe 12 presents a comparison showing the
characteristics of these two groups of components._is

| f The deterministic species were frequent the stochastic tﬂ f
fspe01es were not frequent Abundance relationships within =

" and between the groups were variable Most of the fjffﬁ’jifﬂ’;f'

X e;‘deterministic speCies were abundant most stochastic speCies

"f:f'were not However on occaSion the average (and totai)

"number of indiViduaTs in the stochastic species was greater
a’than in a deterministic species (e,g., compare nufnd N
r_‘_'fb,ini [determmistic] and j_Unc.i

‘jbetween‘L
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hl;[stochastlcl 1n Table 5) In an extreme example. an

-dtinfrequent SpeCleS.h"CC" (n 2) was very abundant

':',‘(man 1990) These data suggest that given suffic1ent

o -i7replicates. frequency (and not abundance) 1s the more

'¥;;;ﬁand stochastic spe01es

o-;'dimportant variable in differentiating between deterministic ;iﬁy\.,

Related to frequency and abundance the deterministic ﬂ:?._g,

:’y-'figroup prov1des the similarity between samples The

: ;5stochast.c group adds little to that similarity The resultsffjr‘Ty-

""ﬂ;fof discriminant function analysis suggested that the most

‘i:l;nd1scr1m1natlng variables were the relative abundances of

‘ ~?djsome frequent spec1es followed by the presence/absence of

’f[ﬁsome infrequent species Further examination of the mean

”“ff;abundanqes of the species suggeSted that tg; m°3t

fiefjgdiscriminating. frequent species provided good separation ofi}lffﬁj:

"5fjclusters Furthermore. the overall similarity among the e

”;fd;Efsamples was quite high For example. considering the entire }f}ﬁj;;;

| datasetiof 59 variables.  single cluster is formed: a‘

'7*157fsiightiy less. {r=-0. ossl than 50%. similarity (5:0;0) ”fffsaawg~.




"ffgfaunal sim1lar1ty

“ :

Evtdence for pers1stence stab111ty 1n the determ1n1stic .t;t;,

"*Vgroup was presented earl1er The lack of pers1stence

””fstabillty in, the stochastic group was "Ot spe01f1cally

“féaddressed In compar1ng the mfrequent species between the iff.ifh‘:

:‘5751Jthree surveys on adult scaup helm1nth faunas only those ;fr{?ffff

'*Vfgfspecies for wh1ch therer1s no poss1b111ty for taxonom1c

'tfiincons1stenc1es are cons1dered Graham (1966) found 11

"fﬁ5t;1nfrequent spec1es in 135 birds. Hair (1975) fOU‘d 12 in 3°fiff;f:?i

:‘°fffbirds,v1 found 30 1n 45 birds However. there was only one‘”"ht: o

: 7,?fspec1es found 1n all three studwes. three 1n common between;ffgffff{

;1”7f2§Graham and Ha1r, three between Graham and mine and three

f.b‘retween Ha1r and mme A total of 53 1nfrequent species was-{'f

"'“7ﬂgfound 1n the three stud1es In short even with this

-f?ﬁ{ffound in only ‘one. study,,frequently 1n only one

| conservative approach most °f/the i"f"ecment species were i:ﬁ&fﬁ -

ﬁhinfracommunitnyrom that study Based on this ev1dence. jjfjdfsg}ffr

ife}nfﬁwould be hapd__':eohsider persistence stability as one of
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t_,gjto that conclys10n were: s1gﬂ1f1°a”t CQeVOIUtIOn should

,""777”’occur only where paras1tes co- occur regularly and parasite

Q*{;;commun1t1es m1ght be eXpected to evolve as subunits Two of

\

'“’7*¥ffthe three spec1es mentloned above F _§§219d§2l- and A

f":f};; racilis, are very frequent and co OCCUP regularly among

f theméelves and wath other determinist1c spec1es At Jeast

/

””f;!fone of these E. fasc1o]aris.ucan 3180 use the same

"’7f;1ntermed1ate hosts as the very frequent and abundant scaup

‘ihﬁihfjspecial1sts. thus the potent131 fOP others t° coevolve w‘th3:E;

'M’*f1t is. great. Whether it coevolves equally W‘th them may be

Lo

'5”ﬁﬁfdiluted by evolutionary?pressures on 1nfrap09013ti°n5 ‘" i;f“

 other host species. L L




e R & R
1nfrabommunity I have to conclude that the extreme overlaps;f"”‘"vh
referred to are either errors 1n the data (these were the |
first blPdS examlned by Halr) or they may be the rare

event" Pr1ce (1980) challenges us to study In contrast to
the low overlaps among the determin1st1c spec1es overlaps

among the stochastlc spec1es were high Th1s suggests that ;fffgf?f}

"°“'§ these spec1es occupy':ery s1m11ar niches (at least in terms fh'”;;ﬁf

| of the l1near component) Holmes and Pr1ce (1980) provide T

Tp°55‘b‘e explanat1on_ 1f these'stochast1c specaes rely on f;i?';"“




| ’r";{fpamcular locatlons along the gut Although the mean
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““ff?ngd1stances cannot be differentlated fPOm pred1c?ed random

'fﬁff;distances, the standard dev1at10ns of thosetdistances are

ifffii}slgnlficantly less than predicted:lsuggest1ng much greater
E55fregular1ty 1n d1str1butlon On the other hand o

““ 1ffstoéﬁastic spec1es frequently represented‘by one or two

“*ffk1nd1v1duals 1n one or two 1nfracommunities couIdvnotvbegfff3{

}f,»'fb-;:_»di f'ferent 1 ated fr'om randotn

"’f}jpredation as an organizing force (cff Brown 975{fDiamondi 3fk5T
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”°~;hook shape folldws CZapllnSkl (1956) HOOk
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S A "Iiooks_:;" T :
"Des"1g'nat1’on7 B . Number (Lengthl Hook -Shape ' Remarks

R ,’f.j904zzL;n' "’> 8 (100) 4:Skrj§biqij: B
S : - .-"I{‘ S o (67) :}D'forchid‘._, ",'La‘r_ge.j%‘:‘i nfestine

| ';?WJ"“, ?;"“;'1€i(30~31) \-_Vjo%ar¢h16é1-'~1’f7”°f:_.' - -

E:‘"P“:;'v s (48) : ;.Skfjabiniz,f; Sobbigvincahthbs‘(v)".ﬁ -

e | 1f.~}1o (38) 5. Dtorchida - .

_._7“49(5@,. f_';Mordﬂda'f‘;i i“1 ;'; :

o '{Awow&QV,fﬂ@;mommqaf;i;,_f; -:; ¢§'V"
L MAAT ”fI101(3l)" ':; CArciatus e

uccu
5 N ".(Z" ‘.

s ':‘E:E".‘_'?f v L 97 (6.4) : '.bi“o‘rchi’d Aa > Amedsuckers

' :"J?:?jfz"t=‘5-:‘22 a1, s) Aploparakis 7f N
"y R 3 10 (46 48) Arcuagus : Sp.ide'_d‘;irrus';_"'

. = "K" 1.:; 10 (”3 115) Diorcm_t_i v:‘

""N":-'?';f-} (3m3n;_;:7Mofdﬁd3[_* '

R 10 (26 27) {:.5.,Diorch1d

 ::"00“}{;; ;i]o (79) 'Jf:DfOFCh1d
: LSerabjnj_j_]]f:;ffi7_*;"
SR }~10 (43 46);”¥“}"bio;¢hia' B

:.. ':,.‘uKKlI,:

el (5645&)"{‘1_;7Skrab1n1 ';ﬁ-_ e e e
G L e BRI L LN e
SN 10 (29) ’Diorthid ERET -\ ke j B A

10 (106) ".-_'Diorchid a j"Armed su\ﬁer§

. v".:.”"'fl_.L"".- PR

“:°‘°’Ch‘d ok identi o to, '[f""'

© o pforchfs nispe 1 '(3'8-"44‘)- 2 |
U e SR 'f.'»ransomi TRl

" 0l4gorchis . sp. 'See Graham' :

y;::aﬁmqna ture

5010?Ch1d L3 testes, L.f<v3 i
’*'\ S0 Myxelepis (1)

3 S 5 i . o
10 (26 28)“- Diorahid E 3 testes,. c1rrusv'
. A \ : armed for distal )/3

:.""__f,l_J{n_q%j_urﬁg'n'.?@fS‘p'.' none

’iﬂ/~_f;'fi;uyggggjépig3§paj1y; 10 (58 62‘:_
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Cluster

{

R

. .Fimbriaria/é;sciolariéﬁy C1 .33 24 ‘ﬂ”z}\wm 15 . .04

"iHyménoiePis spinoéirrosa 36 24 26 8. .00

. H. abortiva 35 24 27 8 .00
<" H. pusilla 33-°25. 26 9 .00
H. tuvemsis . 32 32 10 15 .00

'~Tﬁyénsis'A B o 21 21 {32_, 18 .05

Echinoparyphium recurvatum 27 ' 22 .23 21 .77

iAEatembn graéilié' ' ' 17 24 23 26 .57

Lateriporus skrjabini Co23 0 27 200 20 .47

 Retingmetra pittalugai . 31 19 29 17 .03

~ 'Polymorphus marilis  , 26 = 25  24° 17 .33

‘Picranotaenia coronula 33 13 28 .26'1  .00

‘H. recurvata : - 22 22 24 24 .,';96 L

* © H. microskrjabini = . 222 - 17 ‘18 .02

Cotylurus hebraicus 18 26 - 26. 20 _ .39

?_'CorYndsoma‘COnstrictum‘_". 29 2. 26 .19 .ﬁ.33
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‘AppendixW’4;‘fAVérage'ranks-from Krﬁé'aiéwellié=teétibfﬁf:y‘e_;VH

;
: -._between abundances of tge 16 most frequent S
LA f*spe01es.' Comparlsons are between the 4

‘clusters produced from the 29 varlable' '

B a

'dataset _ *f‘A' : e  .%
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B Y



.

P T

e

- "Speciesj

Clusteer

208

Fimbriaria’fasciolaris .

=7 ,‘ :

'_g; abortlva

_lg._gusxila 3:’f‘"""'
 Ech1nQEarXph1um recurvatum |

Retlnometra E}ttalugaljﬂ,V

?'Dicranotaenla coronula S

”gymenolepls ;panC1rrosa :

NE

‘TH’.tubensis- R

' 7i@patemon qra01lls ’

7_ Later;porus serablnl o

3.Polymouphus marllls

(

: H recurvata :

r ‘H mlcroskrjablnl i

ﬂ.cotylurus heh%alcus R

 "Corynosta constrlctum_f” 

“‘»fizé |
32

Cag

2 ,

7?gTuven51s A f#f{ ff5 f;5i;  3;m<é7:;
' e
a3

';g:ivéefj.?
_ f23; 
1

S

26

24
26
) 31
26
‘.28~

26
32
ﬂ ?8

[,

Pra

12

14

?15'*1

;515f f

26

21

28

S 19
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© 20

18f.;

20
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21

25
28
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5.

kaverage ranks from Kruskal Wallls testd

-

R Sl
'%SPecles.v Comparlsons are between the 4

o clusters produced from the lO varlable

Cdataser. L
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"af’between abundances of the recurrent group

4



3;}S§e¢ie§f .

‘ f;r*? 

. Cluster -

210

7 : ff3fj  e

_li "a"b‘cv)rti,va L

”2_,:qu-tuven51s L
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'fffRetlnometra Q#ttalugal ;j, -

 ‘f Polymorphus marllls
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Results of pr1nc1pal~component analy51s basedf”

on all helmlnth spec1es occurrlng 1n more

than 5 samples.'}j- v
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,v:fAPPEHle 7 Results of pr1nc1pal-component ana1y31s On T

. l

all helmlnth Spec1es comprlslng the recurrent

group




EIGENVALUES

,.”, 3}662; 1.53 fi;zo 6.87 0.89 Q.59

PERCENTAGE VAR!ANCE RN
 35.6!, 15.32 . 96 9.72° 8.87 '5.87

CUMULATXVE VARIANCE

: '--1asﬁ§1 ‘51, .93 sa 89 73 61 dzfdb*]@éﬁdS;5v .77 97.

,E!GENVECTORS" BY ROUS

VECTOR' 51, .6.352.0. 459 0.461 0 468 0.190 0,170 0. o4o;o 248 0. 258 of
_VECTOR. "2 . 0.115.0.075-0.018-0.000 0.258-0.519-0.576° 0.096 0.262-0.4
,_.veqToR 3  0. 278 0. 051—0 161-0. 059 0.688-0. 214 0. 53410 019-0.270-0.

L FIRST - 4 FACTOR SCORES jﬁfj?7”' '

‘34 0.477 0,933 =1.067 0.
32 .. -0.566"-0:510 0.580 -
33 1 0.395 2.062 "0.665

0 855 -0. 108 -O 759 ’f¢116 [0}
-1
3 2.007 .00 o
34 © -2.289 -{.734. 0.841 0.442 .. ¢
0.
Q
-1

...1.129 .0.600 -0.071 ' 0.359
. 0.880.:0.489 - 0.674 <1.234 .~
©'-0.236 ~0.395  0.353 -0.761.
41,673 -0.781 1.544 -0.925 e
+.'0.224 -0.550 2,067 -1. 632
"..2,883 ~1.384.-0.443. 1.438
71,678 -0.774  0.382 1.178
) 1,255 -3.Q39 7 0.174 1. 356"
40. . =4.266 - 0.660 0. 088 5-0.053 .
11 "=4.149.-0.084 =2,223 -0.046 .
12 °~1.854 -2.163 0:605-0: 540\
43 °° ' 0.200 -0.496 -0.387 0. 974,
44 " -0.407. 0.621:-0.756 " 0.476
S 0.087 -0.766 ~2,765 -0.320 ..
46 7 0,340 0.485 :-0.140 1487
17.° 0.828° 2.968 7 0.040“ 0.585 -
187 -0.177 -0.476 [1,137.20.771 .
8. . 2,804 70,056 0.967 1,184
20 " 2.854.-1.218 -2. 111 -0+326"
21 f?a.aza;—o,257,-o.ob4_-o 318
'22 7 ,°.1.057 -1.219 -1.006. 0.322-
:)(}ft '920-.2.981.-0.510 O, 047
24" . 2.400 . 0.627.°0.783  O: 959_
25;‘;1~1 414 °71.934 . 1,467-.0.574"
26 S0, 171 <Q.101 -2.744.-1.054"
27 2_026,-0 2197 0,399 -1, 846
28%'; ‘oxzsp:_o 087 '1.Q75 -0.331"
2977 °1.285. 0.524 ~0.960 -1.096 "
f‘fo;aqz.tp.ssa;-o 226'-0 641

3% . 0.720 2.005..0:052
36 2.003.-0.933 . 0.184° Q.
37 -0,415 1.387..0.724 -1. 3
e 1.006 -0.363.°0.198 -2.136 -

39 .1 0.466 0:444 1,362 -0.337.. . -
40 . .-1.684.°0.445--0.285 -0.021 " '~
41~ -4,069° 1.078 -1.495. 0.123"
‘42 - -5,927 ' 1.156.-0.868  0.479 - - -
43" =2.479 -1.173 1 0.647..0.931

‘ -

o

gdaqmﬁyﬁ;}

44 - -0.549 =1.372 0,811 1.
145“',~-o 112'-05261;49,393 0

mmmmemmwmwmmdﬁlﬁ"
_ e -
®©

S

_ammMMmmﬁwmmmﬁh@mmmmMQMQQQmwad;
. 2 ha wa
a

o
O

BURRCNE




5;:;Ap?§@dixﬁ 8' 52 x 52 matrlx of the average symmetrlcal

Overlap (percent 51m11ar1ty) between spe01es,_;'

Spe01es codes same as Appendix l.x;‘w‘:




0201

2077

1852 | 12 o
. :

Leooo b h :
84 ° 323870000 -.

. 1833 TOCAT

7317100007 . 0000 - .OCBD .

o :}"s" ;

0000
L0000
00007,
10000
= 0000

T

Joo0Q .
: -
0000 .

1240

L0000 - .

L0000
0000 .
L0000, .

L0000, L
20000

000! . 10000, .
3281 .0000 . .

3599 2273

16 g7

..'.2250 ,4013 ° .0007 :

0000
3
30
7
8C4
10
1
3
261
SU1388 42961120000 04457 5765
o

€
L0000

©11624....0082  .Qi8¢Y -

15
1154
101
S000C 0003 )

7 .0000 | 0003,

7
71687 2913

65,0000 10000 .|

45 110000. 0 L0000 1
1852 0000, .0007 - .0000":

g 1275
. IS1TBO .

17 0183
96 .. Q000

L0000 TI.COQ0

. 08437 0413

0006 ..

L1410 ¢

10000
--0000
0000 ¢

-~

)8, 0000 -
~000C - -.0000"]
317
104

D096 71,5187 v

- 0c27- L0000 . 030

BN PR TIAQONO - OMR S QWO DA nOr®

/0000 . .'¥973". 0000

L1240 3600 .

359G .2837 .

-..3945. 0. 0308 - 0433 CT 0494

1538

10000
- 00007
10000
270000
L0000,
.2340

L1203..-.2
1128

. 0000

149§l

0000 . 12766 - . 0000 -

4013 5
"lovT0

1000 “/0977 . .0000"- 0000. .00

X
Y
.- .0000 6000 2595 3333 0556 ... 4872 |

3128 .3644 -2
©3238. ".2250 ..
20000 10000 - 0000, 0000 . .

©3830° ".'1294.

6 .0000 ...0000. 0000 -

0000
0000

_-0000" §.0136 " 0000
0000

10000

0000 -

0000

S
0.175515_1.0000 - 2

7.0000
10000 Y,

0. .0085:. " 2664 . "2
9 1.0000. ".5515. i1

910239 ..039
8.: 3356 .3716 .2
S1285

L1615 0000

.0226 ., 001

L0000

nnnnnnnnnnnnnnnnn

G
L1863

S 0000 -
0000
0000 !
0000

(10000 -

.08
.02

I

©o00
5
7
3
14227 . 0500
7 .
201872 L, 90T L0000 T 0000.. 0000 . .

“ax72l
pes- loode . oce

5. 70000 03

2388

...................................

748 -7.0817 -1 0000 . 0339 . 0210 " .C

T L1088 T3

1058 - 4620, .09

70183 TT0000 10050 3586

10

mmmmmmmmmmmmm

. (') n '

MO N®

" .0087. .0080

7 .1458. 172026

109207 1182

Q000 N

1143
1616

1,0000 . 385F

02957 .355% 1.0000° L1654 .

28
1615 0098
3356
37116
2367
L0000 U
2071
3003 0000
2993

0000

[¢]
3

-Q
L8272

063
4
1093
0357
2615
2399
0879
0238
0391
0543
-.0413.
0000
1518

nnnnnn

J1234

10000 -

048 -
0743 .

33170
0000 -
©002

. 0000

S.0aRS
1058
cosB-
0226
0012

0564

0930
3948 -
0003“

AVERAGE: OF VALUES OF BIRDS 1 7045 = .-~
T.1143 5

.25102~

' . 0853 :.2096

. 1888 .
-.ooso,';jsss»

: 0512 °
- -.042% 2253 "
© 3660 . 0559 "

S L1047,

(0419

QOO0 -
13693~
L0438 7
L1188

-1 0485 1

A
2

" 0022

1.000C. . -0287. 00T
.. .0287 1 OOOC.

1015
1621
2
: t
C. 417070007 -
1
1522
O00C
. 0000 L0000
0000
1
.. .0000 oooo
A3
2 .0000 .
2 -l
37183 .2
1640 57
4800
818
0000

T.3596 . . .0434"
24
2s
2§
27
28
29
30
L1
32
33
34
as
36
37
Ceamtl o
7 a9
40
a
a2
43
as
45
a4
47
48
43
S0
St
52

L0000

] .a396

N idere

fersas
66T
:.3851.

1 ooomay
Ty o

~.moooq
0000

L0000

‘L 20000

.,::aava

............

‘AA50001

——————————————

'f'StqrgAnf1§-

TO000
L0000 "

i §§§§§§§§§§§§§§§§§§§§ o

I O

"*’;#Eﬁi:é_1jga,,§§§§§”§§§3§§§,§§§,_§,§§§,§§§§§§,§,§§§§§§ijﬂ'f}?ji?j
l . S . Sk . ::v.,:{_‘i:  x . if
I



J-ensneron0

217

__—_,.-.—,,

.........................................

—ﬂnvuﬂnﬂhomo-ﬂnvmwhn’mo—nni mmmmmmmmmmmmmmmmmmmm
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

%% i e ééé%%%é%%%géé§§§§§§§§§§§§§§§§§§":_-_f__'-?.p". o
G R
%3 °°°°° 35%3%%’%22 §§§§§§§ SO

o %%H i gsggsgzésgssg ésggssgs--;,..*_f?'f'f‘;

. m;sm&ms — sgsgéégég;’ 
§§§§ i Ssg i it §§§§§§§§§ %5%35353;



L 218

gsgggéz_, L
e
£ R
§§§§§i o

agszssm §§§§§
eRvEaEanaEaRtagEEs
EEasaTEsEERAnaNNL
HH T R
Eabseasaseaeananin

B

]
:
:
338
%%%%Eé%%%%% %

]
:
:
38
i .
i §§ szz

......................................

gae gwgzs&zs mgs S ﬁgi;;
g

g e e RG BB Oed
L = -—‘mnvnwbu;éo-,nnv-nwpumo—~ mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
: ; - o ---_--.-_‘v-,—‘—,,v—.-—,ry-_nch_nng\lnqnunqnnnp_nn_n_nv.v1vvvvv:vvm‘nq_-;_ T

QDC‘O \50




i I “ L p ‘ S b )
-)Aﬁpéndix;*9%??
: _ fl‘ : .
”‘V51m11ar1ty) between Spe01es.: Spec1es codes
_,_:”as ln Appendlx 1




¢

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

7220

¢

TR :
:E%é%‘éééé§§§§§§é%%S§§§§§§§§§S%%é§§§§§§§§§§§§§§§§§§§§§§_ -
EEEEE R
BRSO ARRASERTE AR RERENNE
BB §§s§§é§§§§'“ DB
L i R R A
s E R R
SR R R R IR e
SHEEE B R e
A
POt e e e T
siRE R e e
R R R TR
BEadER e R e
g T AR OB
§4~;§i§f?§é§§§%%ié%%é%ééé%;éé?iﬁééé%‘é%é%%%%%%%%%%.é_%é.%%%é.
%;gggng%ggé{%ssg%@é&%zs seagEne
,éméziégiéé .éé%%é%%és%%ﬁ%é%i.3“%%35%55



. 2
. - ™

<t
>

w -

‘ oo

L %é’% %’%%%%

......................................................

...................................................
I v \

000000000000

..................................................

;gg s 1 %%22

000000000000

g

a\‘ .

221

. . . . ! D : . » .
. . I .
. ‘—Nnv_mwpnmo—,nnvm nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn .
_ v R I L RN NN A NN ANNANR AN ORONY TSI T T Y YT Y 2aa
. . . K

n{'%%%%s%%%éé?éé%%%%é%%%%%%%%%SS.%S%%%é%%%%%%%é%é%%%@%%@

SR T
Y ? T

Ul g

RS __ﬁ‘..ngggzgs%ssassggzzssg' ‘

:8§§§§§3 T

22 éfgé géég %é%ﬁ%& §§§ 532323335325325%%%3%%3%%33?

¥ ‘%2/ S %s §§§§§ § §§ §§§§§§§§§§§§§§§§§§§§%§§§§§§§ o

gs i S%%%é ‘33235233%5 zﬁgsﬁégéz—# -
2%2%3%%&%@%§§§§§§§§§§§§§§§§§§§§%§%_}  o

X Y .
TR CTNO RO~ ITAVFRROO-"NOITNONONO-NO Y DOrPDBO-"NOITVROrOO -yt .
we /-n_‘m"h‘mg:——weew—wgqnnﬁnﬂnnnnnnnnﬂﬂ vvvvvvvvv ,!vvwgmm o



222

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

.........................................................

...............................................

A R e e e \ o
.....................................

)
R A R

1ON OF V
40___
10000
LOOQ8




 appenaix 10,

223

152 x 52 matrlx of summed -symmetrlcal overlap":

(percent 51m11ar1ty) between spec1es; Blrd

'k»~e46 was created by addlng blrd l to b1rd 2

"Jgt’ blrd 45 Spe01es codes same as

.Tprpendlx l



224

-NmTnOr OO

LT

065c”  asey”

S9LL" 6801
TETV  BiBLC
0S8E" S8ZL”

OZEO:" ¥SEL"

0000 - 6600
‘0000 9810°
0000 . 10000 ;
PSiL L ELSE .
vommn. 089 "
0000 " ¥t um»v.
“ZSLYT. 0000° S
LPZE” | E€EET .
69SP"  18EV¥’
LLTy - unnm.
;-OEZO" ' 66E0°
L0000 80107
T' - .EOL’ -LEB}”
(BYEY" IpSZ;
V8LE° BEES™
T Q9T T vERY”
0000". - 0160"
9120 LPEN
0000 “L1SO"
GOV vERTh
LEVZT  ZiwS]

et Y

1ETL . OOTL" LAVES®
6Z94° - 165" BLTY
ZZ8P . LELE - ZL9T
918" EE19° " L8¥L”
826} "
4000
LLOO:
- 0000".
CLELLET,
T 0000
SYZ9”
X 6Z( ‘8910°
LYZE" . 695V VLLEP
€66Z° " LBEY . . 88LG”
00004 €86S " GLIS"
‘£86S. - 0000"} ‘EEZB .
FBLIST ICET° 0000
€670 . 0850 - SPPO°
900" " 6v00°  #100°
ESLS T . 6G8BZ . - LOSZ”
6PSL” 659" 6¥IG”
1 €6GL™ - 9PEL”
TILI™ - TBI9"
1ZEO' . GBIO™
018y’ 'LT6O
0000 "

- PBOO”

60va” . 088E "7 G¥SE "
nse z8ss -
St .

13 3

rYYOT YEYPL'
804~ TO000" . 0000 0000"
.BISI" - GLYO® _6E€10° 8¥IO”
.0000Q" . PEOO"  ¥EYO" PEWE "
- 6L0¥°  'BSTO- BELIO°  BEIO”
0000 " . 6390" ZL6IL 1904 °
T v801° S Q000 .. 0000 0000
99407 -S¥I0° 18E€0°  t8OZ°
SELY ' BZ¥Z T . LESL . COBH°
1000" . 90TT" ~ 0SZTO" SETO’
. 0000 PEOC - PFYO" _PEPL "
‘0000”0000 ¥L00°. TEVO"
Q000" " BESZ - . BEYI . ¥are”
0000 ' "TVET: TSET . TALT"
818y 9894 -Z6ZO" GIGH’
8LET"
‘6600
985€ "
SyYLO"
06ES
TTIO”
6€ZZ "
. GOE] 5659 TEOS’
b 14 {38
e
SPiL
9160 .OP8G -
6Z0L"  "SEEV' .
99637 . 6681
€08L" . 5600
"E10TT T GL8S"
1. 089L7 TS90”
0000 - ZTyyO -
. 89SL . ELBT”
© 0000 - €08,
.. 29010” L EE6E g
TOOO" €SS 6¥SL
[6v00: . 6S8Z°  6SPF9
. v10Q° | LOGT ™ - 6VLS
LTSEE" - 18TV 6960
L0000 60w ° 19€0"
603> 0000} .98GY
L9EO0" ./ 98SY . 0000’
€L10" S¥PE’ - EITSC
YL Gh607 U 8E9S° T WTES”
T .88TL . O%0F  ESOF
LO8E" .- OLPS ' BIYL
TLOLASTS: L8O0 - LTIOT
OOIL” "~WEBT - §S60° 7 BEZL "
tho; Sv98" TLES -GS\¥’
- 0000 - 9660 " onnn. L¥S5

. 0000"

w00’ |

LT oy e e

9O °
0000
ELZO"
" 8E0L
EP00°".
eV
0000
8190
L 14
1 9660°
QEOS "
L6L0°
$609°
VTETT
T TTIE”
- . 0000" .
a8’
I 8L00°
y86Y "
oLO"
o TLEY”
0000
¥99€’°:_E8OY
$199° 7 8y90"
TOYT. LEET"
1308 T 8642
€6¥y°  0000"
LYO®" . OMETZ"
‘98O -~ SLL9
"TVE0® " 688Y°
€200~ " 6898 "
LE8Y . “109€"
_9SZ0-  »EI9"
© . TLEE"" 0000".
- 6694 LEEL’
0198z’ 0000°
PELY 0160
QL9 ¥ZLO
ETL9" T 1ZEO
ZBVT S610
‘9G04 vEO¥
G160 . B88ZL
L-1ET G- o] 3
_vi€o  go0t”
[-19- YRR -1 J9
0000 "+ 80SZ"
-~ 80SZ . Q0001
-SOLE”  TBO9”
"9100" | €9vL"
. Zi8b " ESE9
‘PI¥9T AGEC:
pLZy’ 5000
Yo s .

ZSLO|

£8P
L sy
Lo¥’
0000
. 86LE° 3
T EEE9T HEyO” |
- E4TT . 0000
994y’ : 1000
€20S™  1000°-
S§8ZO° . 00007 .
. 069€° . 000"
| 8ZLE - SZ6E”
$ZTTE"  SOSE’ -
€8Z0° - 1998"
oLzs " ZZTO"
.BLTT  SSTY"
900" | 0000"
‘LEEST  LT6YT
9120°" 0000°
CLYELT T 0000
" - 080T - 1000
OLSI " " LI0O”
1260° ' 0000"
CLBSITT swL”
T M08ET L LLST”
S OLF9 - LBOO
S'gTet  LTIO’
09zZ° BEIO”
.. SOLE " '9100"
T609°  E9vZ; t 6000
0000 i EVLO™. . T TGO
‘€E¥L01° 00007 . - . .oooo.
zEi9 6ZEL” §000
tLSPST 0Y00 - SLEL”
28207 0000~ . mwowuk

P -

>h~¢1.- ::m




“NOTOO~ OO

FRELRERRLANE

-« -
v ¢

HEH

('3
v
w
Ll

980"
- 0000 °
0000"
01007
€169
€0 L’ g
666Z . 'LSEI 0000
L08S $£900° “LEBE: -
TLBO - EO6O" + 3Z90°
799G - 1¥EQ’ - '9680°
ELEI " 0000”0619
" 789y <. GTBO . L900°
Q000" . TZ/L" 0000
. LBOO"  ZELY  0OQ0O"
- 0000° - LEZE" 0000 -
888y ° T €Z91 " rSi
. 00007 -8RI LT 0000
I - €EO0L T .00007 | BZELS
LOEOD: LZPST- QOO0
. TPEE T 0000 . VEOL
. BEZTT 090 EIES”
‘UEBZLTILBOOT  B6ET’
. €06¥’ E6O0 - BPLF
'OE6E" : 8900 . SEFG -
JBETO. . 0MAGT. 9LZO..
LO00 " . SOI9" .- 0OOD ¢
18QS 7 . PEZL - 8080 .
9ZEL' - BEEDY - SLEL:
885E° . §PL0" .06ES’
- PE6Y I p¥LO’ - TLEY
00L0” .0T19" 0000"
¥90Z - 190€ .. 1900 "
Q000 110v" - 0030
. BP0 ZOFF 0000
SV9LST . 08807 BLSL Y -
- /0000 - 9BvE

0000 £ UR ;. 98807 veLs
S I9LKO - ZTP9O”. . 0000 " . GREO*.
0000 - 123 A ‘861t " 666¢
VOET . 0000 0000 ;.. Q000"
- 0000 00 1 9. v380° VELL
0000 : D" GLTO’ RO 14 I LLSO
7 619Z°, ¥9ZL" .90L0” .1 4S0L"  ¥OSZ - 9600 BreT
0000 " '8EBE .~ 000Q" - 1304 0000 . LBOO" Q000" 00Q0"
0000, 0000 "~ -0S9€ .. 0000’ -+ 0000 0000, :0000" " 0000
0000 "TSZTO’™ " EBEC™ - 00QO" . . 000Q" " 0000 . Q000" - Q000
OvZi" W PZET LLSST 0983 0000 0000 0000:. 0000
0000"° 6ZBZ' P00 . §ZrS" . 0000 OO0 -0000" . 0000 "
o P6TTT .- TESO L EBLOTT TITH .. B9BET. ENGET L0 Ve’
" 0000 OODO” . 0000, . 0000° ~ STLO™ ' 90CO” SOES’ o9rs’
. 0000 . "TIBO" LEEZ' . €SZO" 0000" . 0000’ 0000" /0000
G000~ .S100" - 0100 .. EL00" | '86EYT o . L1008’
ZLRO™ .7998r . EL6L7 . ZOIY . ~0000" " . 0000
€060°  1¥EQ" - 0000 . GZRO" TIBL' g evsL
. §TB0.. 9680° . 0" 0000 10000 " ‘0000
- 0000~ 0000 . Q000" . 6859 18 CLLSS T
T OLBE (98897 - : i 6SES " .atto’ . 69L0°
LBETT . Otwy 0000 0000" 0000 "
0000} .V ¥LT 9901 :-0000" - SBEO
LYZET - 000074 ¥EZL . TLEO. ., . 0000 8Z00~
. 90L0" " ¥EZL " 0000 “- . 0000° 0000
TITL® . vEvy SEQ0’ 0000 LEEO”
0000 4 CL9EE 18
ZL98" :
0000 0000 " . 0000 - L9€E”
FOESL " - 6O¥S T 16PL] £QSs. "
SBEQ" BZOO" - 0000": Svere”
E010°  AGS0 " 8SLE’ - L200" ' Q0RO
YLEZ: . SS¥L° 0000 €16 6887
S9L1” - TEZYV T T OSBE"TLOZEQ - 0000"
6801 " 618} .. -S6ZL PSEL" - 6600°
6Z94° ZTBY.  9IBTT LIYS HSO0"
1658 LEVET - EEY9T FYBI-  ZPOO°
oLy ZE9T 0 LBYLT B8BTS LOOO”
092£0° ¥EBO™- -9FEQ". . ¥8YO" . 998r”
ZELL " . OLED" . OCOO™ 9160° 62Z0L
SPPE". TL1BL° - GPLL . OPEST 9EEG
8ZSZ - BO6E’ E6LT". YOLE - OLEOD’
8161 'SEEE’ Z699 . BSEL° :&LLO
TO¥Z" . L10S - 66PP . L¥OR.’ _9rBD
LEET . L66LT° 0000 OLET T SLLd
991" EZTOS T '§8ZC . 069€ . 9TsE”
1000~ Y0001 0000 - 1000  GTBE’ e TzZzo
860€ " LTSI 0000’ - OE9L " 008"  LBES” oLE”
6Y8Z" . TLLL] 9V6L 6995  ZBOO' 6160: . '9CT9" - T6S
OSLE”" 0SSO - S80I’ ELL9.  9STO’  000D'_ 0000 0000 ' .Z¥El 0000
ez [t A 1 SR £ S >t IR < REVGEIN ¥ TR -
S o : L 9v-auyx@ - o . :

P




.....

' -_«n'v'm'qrscm'do.u'nwmwrﬁmOwnnwmohnmo nnnnnnn HO-NMmTNORBNO ™

———————— ‘——nnnun«uﬂnﬂnnﬂnnnﬁnnnvvivvvvvqwu‘nnln: R T

1861

0476 1255
0642 .
0337

1323 .
.0363’

4 f ................

%5%3%%%%% % 3 % gggzsmzsgz %

L2191 L

S Qod4a- - 0419 -

0000
140 . 082
1
0001
1244
0885
3
14348 0148
9
0479
L1518 . 1083 j
. L VOR0T - B
0000 . 00!
0000
0004
0000
OOOO

.........................

L1274 .OOOO
1575 .0023

1574 < O000"
CDOO

4972
..0469° .0

51 1084 0000 .
$.71290-7 0691 .0184..- ;3091

L0000 ..
0000
0000
1 0000
50000‘

ﬁﬁﬁﬁﬁ

..............................................

eNO NV RNT -M

..................................................

0009
0000 -,
.6000
0000 -
0000 !

i
...c'vzi'.‘11:,..«043~”,CS§7-Q.

€464 . 0832

. 6095 7 ,0797 ..
%6438 00!6
oooo

-. 0000

. 0000
L0119
0300
OOOO
0000,

oooo

0000

1 0000’

- 0000

. 0000
0000

1560 -* 0000 -
5577 0303
2341 .. 0252
‘240 ..0000. !
<0000 -

0000

0000 0000

0000
0000
0346

7673
.-8097
L5257
. 3667
.-5372
OOOO
OOOO
0000
.- DO0O
0000

40

................................................

0000

. 1644

v;uooop';.oazs ..2390°
1034

§§ §§§§§§§§§§§§ ; sé

-
73605 . .3959 14035 - 3605 .

C L0000 20841 13012 - .3567.. .0009 - 40"
.1522-..25111
1181S...2182
1686 ,22112‘ 2538,

38
0202 - ©2382

e .6328 : 10006. .0000" .

0123 - 397

L0437 1 4807 " .OV1B
0126
:_.0099',‘os¢z

0514
m 359‘

IT

506, L3818 L0000

;1;4543'.:2350 .011s'm

© . 6483 ..0752

. OO00 -
029
L0000

L coee

) ~ camanipn
""”""“"“"’,92‘.’-‘.-!'23..!’3°u ARG

CCSIMIUARTTY. | T DD el
28
29
- - 2%
a
32
33’

R
s
i 2232 1555 Sé%éé T

m@sgggggéﬁgs;z%ssff"?'i'ﬂ‘ﬁ_fvf‘_i‘-}f’f’.;‘;}

CNOYNORBRO-NATNOR OO = T
'npnnnnnvvgvvqogvgﬂﬂ; R



""'-*V'_Appendlx ll 52 x 52 matrlx of the average asymmetrlcal»'>- _.'.';: ‘.»?"'.;---.ff;-:‘_
overlap (Lev1ns, 1968) between spec1es.--_‘ﬁv’:““

SpeCleS codes same as Appendlx 1



i r e e e e NNNONNNNNN OO0 0 h; nnnnnnnnnnnnnnnn

mmmmm
-

104
163
”°
feeed
91 .
5-{. =
€326
3455
<3
0000

18 R Sl

ToodS J v L
] , 1588 .6012-°,0143. 0348 | I ° o ER
0 1117 L0008 L0000 10002 0000 eele I 3. L

2.70000 0000 0000 00006000 | . 1044

193 77

0000 Clatex s T e L S
556
L0000 0000 |

L0000, 0000 - - 0000 . |, £ 108
' - 5056 .

88 . 0000 %

'S 6599 1 0000, 6462.°.3978- 1943 0012 | 44 v L

. U1306

1
021t
0217

Beve o

PAR Rty B

3855, 0000 : SOSE
212970
. 0000"
12
62
1039 * 0000
0000

S264Q 3223

1017 L0927
6. .2196  -2086:.:3609 .4

.405¢. . 7.

.0075 . 0162 D

68 0040 = 11227 - .0978 1.0000 0443 ..03S4 ..

01830000 .5Q16 . . 4399 0089 "

27,0784 . 0003 (5284 -. 4

T 1356 - 24271, 04

2823 1.0000 ..0374  .&55%
/2092704351,

s m

3 4005 . ,4085 ...4537 .2
S 3161

€. .0000." . 0000
5 1.0000  .8162 .

2-..01437. /0314 .
8 . .5127 U550 >

~
~
o
o
©
~
v
[=]
o

9 . . obes.

mmmmmmmmmm

X 4
Ng
-

Vo

@ M

0040

- ,nmm't\mn
o X - Rl R
g - O
ad~onn

L SR
S0000. * .

£935
28

0000,
o
)

.1619 /0000~ 03

;1513' 2454
64 : 037

gm0
"‘,,sss §§§§§§ 5 ggsggg};

.oooo;< 1082

2961 L0081 . 0000 L0168 oooo 3317 .0081 .

-. 0000 1

T 6105 ©.3376.
3142 - 2

U302 L.
21304

36267 0100 L1311 7.

2866 ... 5479

[t I

87:..0000 .0117. 10000~
as <¢ooss‘-w

26 0275, 1

siRfRECEETEanE
B
SEEEREEIN sm g“zzzzg zs zsg ng
b BE zzsss 55@5%3552@533@3553253
B R At e e S L T
T
<

ot . ._._.— ™ e
&
1953
€
11906 .0000 . ,000C " .0000
23

4
0000 - .07
°°°91

6 .
0000
0000 ;-

ocoo M

4714 ., 0592

1609 .0282° .5322 1
1396 2145 .0584 - .0

| .0606 10000 . .0000 0567 -
0831 - .0000 1.00C0 .. 420

4658 . .4070 0049 .O746° .

5
0006 .

A e e A e A R Sy e S T O S

8

1

.........................

0000
0339
0097 °1.
iate

o001

Q003
1020

L3595 .

L0000 .
0710
1308
0038

: 3516~

TL1102
296‘
oooo
0000
0000
10000
o414
L2178
oooo
1865
ooco
0000
oooo
000G
- 10000 |
0000
0000 .
0000,
oooo
oooo
oooo
0000

. 0000
0000

Y Srae

.............
........

Vgt
47287,

098 111339 °.0066. . 0000 "
e XT3k
L 4325-

4933 . 5%4f"
= .-1338

g

~AVERAGE (OF VALUES OF BIRDS 't To as - -7 %0 [ 7o

- . 0902 ..

58,1984 10622
“€2. - 0BSB 0082

W @ T €
‘‘‘‘‘

3 .0000 .00 0001

CIl0228: 1. 0003 L0486 .
'k_ﬁOGQJ,u,QSQQ".OOOO“

. Q&EQLAP S

: NPt A, RO N YAORBAD > NOFOORNRA w5
'""'““““09:§2:£2:222 nq«y«uqnghnnaqnnﬂnfqvyﬁ!vjisgﬂﬁ R T




: -Nnvmwhnmo—unbméhomo—&nihuthOwnnvmwhémd— nnnnnnnnnnnnn

NG sassszsgggnggézzg;{Z_,._'jj_‘
| §§é SR e R

""“Z_‘,.’:;"“’“é’%“""§§§§§§§§§§ p

o mssaREMGONENESGGN .
B égggggggzssééégssgsgsmzz;,’_;‘ij._‘;ﬁ,'_,;".;:-
zg e §§§§§ ik ms@ 1 i ggzsgggs-»‘-i-=it--f.--=‘-._:z:

83 zg 3 sggm 53 3 sggg 53 zgségsg3532?:;5-2 _ﬂ”""A»vi??ff'f».g"?"?*‘""f'-"

........................................................
..................................................

........................................................

o vf?’*'.'-é:'ég“;”"ﬁ"'sgzég sgzss mggs?55333353535@5&3353‘?’;

-flf"_jff_-,}jffg;'m B ggm zs §§§§§§§§ §§§§§gsggé3333sggsg-;j_;j;;f;_,;_,;ﬂf;-;.__:*;t;:;

gg ggmgggm gggsg ggggg §§§§§§§§§§§§ sgszsﬁggfg;j'51?;,;

s ngz§§mgsészsségggggji;i"1‘?..;-‘-3”-i::-iaf

............
"”*?1vnmmnwpnﬁo#hﬁvmwnnmo«nﬂ'nwhnoo—mnqnwhnpoﬁwﬂtmwqug;g~;;j.-@;i. t ffff

L r e e e et l RN N NN AN NNABNNARNM NN T Y ET T T TN



R -,.;?--n; T _p R BT ) : L o L P LTl
T e RN BN O TN R NORE RO TN NTNOrRE DO O YD Wr o ® O L L R R R =
T S e e e AR IR NN ONONOANOANOT IS YY YT Y ng' : ’ )

: =T e s%gggggaésgézssggssgsszzgzzggmszgggsgﬁg_t‘{:-;f;:!i."‘

e =f?'v:'$;'§§§§§§§§§§

g e .

L smgggmsgggszss555%55@@5535355@33333@
;5532 5355001
i

S T

?i_i-'l---’;}‘f;",";’;?;.;-j;ssgsggggés zgmssssmzézzgéézséssgséggsszgégsssésj;_}_,

..............................................................

’§§ i sssg §§§§§§§§ §§§§§§§§%32%3%S%2235%%%3353385%%’_{’:'_-'f,}f;ﬁ.,';f."f-;.;__:_f'ff-ff.z-.
;-‘;:;4]__{';].383 g —
L mgs s

-~ G

...............................................

' asggz §§§§§§ mzssggmssgzgségﬁssssgzsgz3szgsgg@s;;;.;__;‘_-:-_".v..__ff;ﬂ.;l_‘?.;-_j__{,ff »_
'5%%@33’%5%33%33 T
4 2%32%2%*%%% I aﬁgaégszgésasmsaséazsﬁﬁ-_j;j'_;._:.',‘.._\"_;{_;4;;.;_',_i:-;;-, .

.........................................................

jim— 533333&333353&5&33 3525333553332525@5335f [_

~1'-4‘"""'-"""""'""""""'"""""v “““““““

'v‘f'%~’ﬁﬁf“?ff??:ﬁﬂiﬁ!ﬁ!ﬂgﬁﬁﬁu gnﬂ«ﬁnﬁn;nang vvvvvv ﬂ?:-?ﬂpnffwf*ﬁf;%i.“'~



”*_}f3 , ﬁ’jj j;,,f ;1,:*:f’rQ 231

;ﬂ_gppéﬁqig*iz;%

i _._;'between spec1es. Spec:.es codes §ame as




...........

Lo P
R

TR «

,——-qv-—-—.--ﬂnﬂ

..........................

f_.;;;g":’:’:f:s::gf"zszggsszzgzéfggss 8352 ms gsgsgéssé" B

NNNNN

....................................

Vi udu OF . VALUES o

STANDARD- GE

.....................

' ovemLap .-

vﬁ'? S; -

L2320

ﬂ'f“f%;ég;s;fg:sﬁsggasgsgzségggggssz 22sgsssggzs§sz3@5§§z‘jﬁa‘-f-.-; e
R R ST
L sLReRce R s EaRRRRRERSORES
f;.%é%?%?’:ﬂ%?%%ﬁZ'r‘.%.%%%%é:§"’§§%§?§§§§a§§s§§§§§§§ 3
.;_;_-e;%%%'%ﬁj“zszzs;f*z:}_.zs;,ss..zsss.as%s.f:»iz%sssézsszzzzzéésszszzzsg__
ﬁ sgs R

-*,“.351’*?E?r.?s%‘é’féi?’."’%-%’é}%éélﬁa:% """" a%%'mﬁmzz m%
'|§§ § ___.§§§_s , _%%_5%% 32521232355 3 333133583328%5523%}
°§§“§§aa*§§§§§§s§§§ e
E s.ss..sszszs.s



| gzsssz T zggggggggzs%z;%sgzzésg%gégzssgzgszgsar.:.;;_,;._j_--
:._'_g,;'sszégséégs ST e D D e
s R

i 5 ‘;§ s mz pesEERTs: ngg%@ésgégggsss%zi; Ly

'§§ sg s sg m 3 §§§§'§§§%§ §§ §§§§§§§§§§§é%é?éﬁ%%ﬂ;&_jff.""f'-f’f-.*",";_"Vf:,“':‘;

Sé 3 gg *m@ §§§ %@éégssszsmssésss%gzzz;};-ﬁ
,;?‘f;;;;,ﬁlg'g g8 3 N
B T
i z 8gsszszsszggsgésggzzzmsgéﬁéésésssgss-;,;_jff_-;{i;;--;!;;1!-‘.»’

l

|

A ]
B . ™0
’ -
l

[

.......................................................

HE zg g é 5533823 zgss ss sssszsséészzéggsszsgsg}‘i_;__;;ii:ffl__;j.f__{},f;}_ff{;_éj}

. s “““““ ;'s"“s&%é@ ssm 150 ézégémggsms5sésgagss;f%‘;g:'f-_ﬁf?'f-ff‘f-*i“f‘-f-ii

sz sag zg é%ﬁ%% 125 53553 §§§§§§§§5§§§3§§§§%5§2§'.__5A‘:_;_-f'f‘fti!.-.;'_f‘i;i»-v"_-‘:";'if_';.‘_':;:f":ijf;:'.'l_

P w—
QN

l“.“ ........................

lsgs it m ss 5 mss S sgzgsgsg
- Wz 5wgssmgsgéagsggggzzzgzzﬁgsssm___._‘_,-;;_;;;;




234

R




( o 235

'.Appendi2”13. 52 x 52 matrlx of summed asymmetrlcal overlap .
,1(Lev1ns, 1968) between spec1es. Bird 46 was '
. created by addlng blrd l to bird 2 |
.;...bird 45, Spec1es\cod§s,same as»-~'"
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