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oot " ABSTRACT “

Field and laboratory ’stfudy was made of hybridization andu isola-
ting m\achanisns. with particular emphasis on premating mechanisms, between
rare}y hybridizing killifish, Fundulus ;zete;'oclitus uu-;ichog, and “
F. didphanus banded killifish, in i’o‘rters Lake, Nova Scotia, from 1971
to 19 Phenotypic analyses ot killifish in Porters Lake showed that
there were two easily distinguishable species, mummichog and banded killi-
fish, and an apparent hybrid which was phenotypically intermediate.

Hybrid killifish hawipg similar phenotypic jntermediacy were also des-.
cribed frr#- the SE:’: Mary's River, Gwsboroug‘l} County, N.S. Hybrid index
analysis:and consistent electrophoretic patterns of musclve MDH and LDH
suggest that hybrids are Fj, there being little or no hackcrossing or
production of Fp. Reciprocal interspecific ;ertility and viability was

confirmed through laboratory crosses which displayed virtually identical

hybrid indices and identical MDH electrophoretic patterns.
4

s
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“ = The major premating isolating mechenism appears to be salinity
pl;eference in which muomichog prefé’r highl} brackish water and banded
ﬁlﬁfish prefer fresh water. Comparative age compositions, growth
rates, length-weight relationships: and fecundity between sympatric and
allopatric populations of both s;?ecies indicated that mummichog are ‘not
affected by residence in slightly brackish water and banded killifish
benefit from slightly brackish water. No seasonal or habitat isolation
operates to isolate sympatric pépul‘.io@ of mummichog and.btgnded killi-
fish reproductively. Both species mature and spawn- during the same period

-
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. * in the'same areas and neither species has a substrate preference. -

K

. though interspecific spawning was observed in the lalagoratow, it could
BRI /&‘i.“’&—-ﬂet be determined whether spawning was the result of crowding or under-
developed ethological isolation. ¢ .

Pl 2

2

Hybridization appears to result from an initial decline of
salinity preferences so that both species come to inhabit an intergraded

environment of fluetmt.:lng brackish water in which one species or :tﬁe

other but ususlly banded killifish predominates numerically. In Porters

q’ s <
. .Lske suitable spawning sites_also appear to be restricted. Thus, three
criteria of the four which have been suggested in the literature as

" most instrumental in fish hybridization are encounter;d in Porters Lske.

’ The occurrence of these hybrids in the Atlantic prov:‘i,nces of
- Canada sppears to be the result of recent l;calizéd sympa:try along with
a nominal cyprinodontid fauna which has limited the reinforcement of
premating mechanisms. Apparent effective ﬁostmating mechanisms , however,
suggest that evolution of isolating mechanisms between these species ig
still at an early stage, according to the hypothesis concerning evolu—-‘

° tion of isolating mechanisms . proposed by Ernst Mayr. -
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Among the most important attributes of & species are the mech-
anisms that reproductively isolate the specie"san'on other clasely related
species. The importance of these isoldiing mechanisms. becomes apparent -

when populations of two previously closely related allopatric species

become sympatric. Absence of adequate isglating mechanisms can result
in the introgressive fusion of the two forms, which, ;ln most imtihces,
is less fit for the existing environment and becomes a genetic loss to
both species (Dobzhansky, 1951; Mayr, 19637, Aéqusition of isolating

mechanisms then can be equated with speciation itself (Mayr, 1963).

°
(4

The term isolating mechanisms here defined, "biological proper-
ties of individuals that pne;ent the interbreeding of pn;pulations that
are actually or potentially syupatric,"’ was coined by Dobzhansky (1937).
Many classifications of these nechani:qns have been proposed.’i However,,

that proposed by Mechan {1961) and subsequently modified by Mayr (1963)

i

has been adopted in this study.
"l. Mechanisms that prevent interspecific crosses
(premating mechanisms) '
? {a) Potential mates do not meet (seasonal
and habitat isolation)
{v) Potential mates do meet but do not mate
{ethological isolation}
{c) Copulation attempted but no transfer of sperm’
. {mechanical isolation)

2. Mechanisms that reduce full success of interspecific
crosses (postmating mechanisms)
{a) Sperm transfer takes place but egg is not
fertilized (gametic mortality)
{b) Egg is fertilized but zygote dies
(zygote mortality)

(]



. (¢} Zygote produces Fy hybrid of reduced viability
. (hybrid nortality}
- (3) Fj-hybrid zygote is fully visble but partially :
’ or completely sterile or produces deficlent F,
(hybrid sterility)”

#

¢
> +

Detailed studies of isolating mechanisms between species of

wr

invertebrates, in particular insects, and of terrestrial vertebrates

.reviewed by Dobzhansky (1951), Mayr (1963), Sibley (}961), and Littlejohn

isms are evolution- -

[3

arily more important. Littlejohn {1969) noted fhat premating mechanisms

{1969) have shown that, in general, premating mec

are gametically more economical than sre postfiating mechanisms and as

y

such are more efficiently developed by nat al selectio‘.

Dobzhansky (1951) and Hubbs (,1961? considered premating mech- .
5 . anisms to be most importsnt among fish, egpecially seasonal and habitat
isolation a.ud ethologica.l isolation. Evidence for the importance of
premating mechanisms among fish was advanced by Hubb's and St”.rawn (1957},
Hubbs “and Drewry (1959), and Hubbs (1970,), who after experimentation with

interordinal, interfamilial, and intergeneric clﬂosses showed that teleost

hybrids are relatively emsily produced in the laboratory, and in many -
nstances easily rkared, thus indicating a reduced role played by gametic,

-

zygote and hybrid moriality among hybrid, fishes.

The consequence of"a breakdoVm of any isoleting mechanism that _ -
J
3 permits the cms§ing of genetically different individusls of taxonomi-~
cally distinet populations is hybridization (Mayr, 1963). The first
@ '\ N

generation product (F;) of animal hybridization is composed of

o P’*‘z} .
.-

-
f
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indi‘viduals*that are usually phenotypically riptermediate between the

parental species (Mayt, 1963). This phenomenon Hes been ‘demonstrabed '
among " fishes by Hubbs et aZ.*~(19h3:) and reviewed h;r Hubbs (1955). " In
his review and partial quantiﬁcation of. many of the known animal hybrﬁ‘s
Meyr (1963) noted that hybridization is quite rare in most groups of
’a.nimals, eapecially a.mong the terrestrial Vertebrates. Hubbs‘* (1955,
1961), howeyer, noted that natural hybridization in fighes. is relatively
common among northern freshwater species, a phenomenon which he attri-
buted to the highly unfiable environments in this relatively receitly .

glaciated geographic area. . : > ‘ }

*

The investigations of natural hybridiza.tion in fish, partially -
reviewed by Hubbs (3.955), together with investigations of laboratory
crosses initiated by’ Moenkhaus (19109 and Newman (1908), have been so
numerous that Schwartz (1972) vas sble to catalogue 1945 instances from

8ll available sources dealing with fish hybrids,.natural and induced.

v

The task of further rev'lej will become greater still when it is noted
that by tge year 1975 more than 2200 reports are predicted which will

*
concern fish hybrids (Séhwartz, 1972).

Mayr {1961) stated "the study of hybridization ..—.Sis quite ) .
evidently an important area of the ‘Etu(hr of isolation mechanisms."
In this sté.tement it is clear that the sﬁu&y of hybridization itself is
noj:.ﬁ ‘the study of isolating mechanisms, but only a part of the study.
aHm}ever, most ich'b‘hyological investigations in this field have‘ beeny ©
limited to identifica.tion; and descriptions of hybrids along with a

>

postulated explanation of causative en?ronmenta.l conditions. Despite '

Pl b



the availability of material ﬂfeﬂ attempts have been made to identify :
and describe the isolating mechanisms for a given pair of species, The
ws:; ngtewrthy of the attempts have been those coudu;:ted‘by Nelson
{1968) on Catastomus commereoni and C. wacrocheilus and by Hagen {1967)
who studied isoJ‘.ating mechanisms between tvg ngx:phs of Gastervsteus
aculeatus which he believes are two species. Both studies were con-

4

ducted in areas where the hybridixing species or suspected gpecies were

o [}

naturally sympatric.

"My study wvas undertaken to investigate, by Weans of field and

experimental studies, hybridization and isolating mechanisms, in pargi-

cular premating mechanisms, in Fundulus heteroclitus (Linneaus) 1776, .
the mummichog, snd F. diaphanus (Lesueur) 1817, the janded killifish,
two apparently rarely hybridizing species. Hybridization within the :
geunus is also considered rare (Hubbs et al., 1943; Hubbs, 1955). How-
ever, other instances are known to have vccurred between #. kansae and

F. sciadicue (Hubbs et al., 1943) and between F. notatus and F. o?z'.r{aegi‘aus

4

{Setzer, 1970).

"Hybridization between musmichog and banded xnufsh was first
reported by Weed (1921), but this report was refuted .by Hubbs et al.
(1943). However, Hubbs et al. (1943) described one female hybrid of
svamichog and banded kiilit‘.lsh, collected in the Lake of Shining Waters,
Prince Eduard Island. Griffith (1968 and 1972) reported hybrids of

-

these species for Mill River, Connecticut. -

L
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v

queeause of 'l;he inferréd scarcity of hybrids, hybridization
experiments along v:lth investigation of isolating mechanisms initially
vere to be c;ndueted on fish gathered from allopatric populations.
lfomarer, s population of suspected hybrida, a detailed description of
which is included in this study, m discovered in Porters Lake,
Halifex County, Nova Scotis, & lake in which mummichog and banded
killifish ave sympatric. 'J.‘he;fqre the major portion of the_study o

has been conducted with killifish from Porters Lake,

G ae
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» GEWERAL MATERIALS AND METRODS

. "Most individuals of both species, mﬂ‘ichog and banded killifish,
uged in this study were collected in Forters Lake, Halifax County, r.s.o
(W4°L5'N, 63°18'W). AMditionsl mpecimens were collected in Petpeswick
Inlét, Halifax County (kk°43'M, 63°10'N), Kej)imkujik Lake, Annu};olis and
Queens County (4k°23'N, 65°15'W), and St. Mary's River, Guysborough
County (45°05'N, 619h6'W). Specimens in the Nova Scotis Myseum were also
used and are listed in Table 1. Mummichog and banded killifish were
collected fortnightly in Porters Lake from May through Novesber, 1971,
and from May to September, 1972, except during the spawning sesson at
which time collections were made weekly. Mummichog were collected in
Petpeswick Inlet fortnightly from March to October, 1971, vhile the
banded k:flliﬁsh of Kejimkulik Lake were sampled monthly frém June to
Septe‘ber, 1972. ' ) -
A I}sh were captured by either a 16. 8x3 metre.or 1.8x6 metre
nylon minnow seine. A minimum sample size was set at 30 fish irrespec-
tive of the species co;:position of the catches. Individuals comprising
a sample vere drawn without selective effort to favour particular indi-
viduals. Fish samples were fixed in the fiele:l id%10f formalin golution.
After being taken to the laboratory, samples were washed in running
fresh water within 2k hours of fixation, and preserved and stored it; hoy
isopropyl alcohol. Preserved fishes irel:e used for str}zctm'al comparisons,
comparative age aud growth analyses, comparative length—;reight relation-

ships, maturation and fecundity analyses, and food analyses.

« @ . \
-+ M




TABLE 1 .
List of specimens of banded kil\lﬂ‘ish, Fundulus diaphanus, snd mummichog, F. héteraalitua,
examined in the Nova Scotia Museum fish collection along with ‘the locality in which each
sauple was taken, Those speci:;mns above the brokey line are from the Livingstone collection
in the National Muséum of Canada. S inglicite: thu@—the sample is identified by date coliected..

. £
S s——

Spacies ‘ Locality County Identification I;umber of
. ~ Number Specimens
F. diaphanus Le Grand L. Inverness . 49uC=2T-A 30
" Goshen L. Guysborough < S 3/8/48 ~15
" Indian Hbr. R. Guysborough L#2 10
" Loch Lomond " Cape Breton ‘ . B 26/9/48 - 3
" Warren L. Victoris 49-C-31-A 15
T Wigmore L. Cunberland 50-C-22-B ‘ 6
" Big L. Cumberland 50=(~23-B 15
" Grand L. Hants L9~C~39-K 15
" Windsor Rd. ° Hants 50=0~9-K 8
" Minamkesk Br, - Lunenburg 50~0=2=B 15
" . Pretty Mary R. Annapolis 4g~C=k-B 8
" Pesrl L. Yarmouth 8 15/9/48 15
" Canmeron L. Hants 50=C=10-D 15
" East R. Balifax 50=C=l1l=B 15

n Minard L. . Queens 49-Cw5-A

I E R E N E NN R RN R R N R N R N N NN N N N NN N RN RN YR N RN RN RN E NN RN NE]

*
[
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Table 1 continued

F. diaphanus

"
1n
"
1)
o
1
¢

“r

©®

P. hetevoclitus

1"

"

Oxford
Maitland Br.
Medway R.
Fanoy L.
Salmon L.
Eden L.

Lake George
Clyde R.
Carltown L.
Digby

Sandy Cove
Walton R.
Pubnic
Wallace Bay
Goose Ry
Prospect Bey

Cumberland
Annapolis
Queens
Yarmoyth
Yarmouth
FPictou
Shelburne
Shelburne
Colchegter
Digby

Digby
Hents
Yarmeuth
Cunberland
Shelburne
Haljifax

55-FRC-242
55-FRC~126
55-FRC-139

55-FRC-169°

55-FRC-83
55-FRC~396
55-FRG-151
55~FRC-122
55-FRC-378
55-FRC~91

55-FRC-48

« 55~FRC-205
55~FRC~159
NMC59-291
55-FRC~160
66-2~5-3(18)

22
2k
i1

30
10
18
30
30

31
16
ik

30
v

-
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Mumichog and banded killifish used in laborstory experiments
were collected in Porters Lake in November 1971 and from June to August,
1972, and were transported from Porters Lake to the Dalhousie University |,
Biology Department ;quarium tacilities in 68-litre plastic containers. <y
There they were segregated by species and placed in either 0.9x0.6x0.6 n;etre fﬁ
or 1,5x1.5x0.9 metire fiberglass aquaria serviced with com;:ressed air, f;
filtered’sea water, ;.nd dechloi'i;xated fresh water. Unless being sccli-
meted to specific salinities the fishes were kept in a constantly flow-
ing mixture of fresh weter and sea water, the salinity of whichnfluc-
tuat;ad between 5.8 and 16,2 Water tempera.tu;n:e varied with season,
from 4 to 17 €. Laboratory experiments consisted of salinity preference,
rheotaxis, substrate preference, interspecific and intraspecific spawm-

[ g
ing behavior, interspecific crossing, and electrophoretic comparisons.

Water temperatures were measured with either a standard labora~
tory thermometer or a bucket thermometez:. Salinitieg /were megsured
with a hydrometer registering demsities ©of 1.000 to 1.070 specific
gravity. Specifie gravities were converted to galinity by using the
ses water temperature and density reduction tables of Zerbe and Taylor
{1953). These hydrometer salinity e;timates were checked by means of
analyzix;g water samples in a Buchler-Cotlove chloridometer and shown
to be sccurate to 0.5 Yoo salinity. Turbidity was measured ;ith g Hach

. colorimeter and expressed in Jackson turbidity units, Measurements of
pH and dissolved oxygen were msde in the field on an Orion 4Ol pH meter
and & Yellow Springs Instrument oxygen meter. Winkler titrimetry was

-

used on 12 samples as a check on oxygen meter i'eadinﬁ.

¢
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More detailed procedures employed in the varicus portions of

the study are described in the appropriate portions of, the‘%rk '
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. DISTRIBUTTOR AND NATURAL HISTORY OF
FUNDULUS HETEROCLITUS ARD FUNDULUS DIAPHANUS

~ [

s

Diatribution ' .

‘oor th;- 22 species of Fundulus that occur esst of the continental ,
divide of North America, eight occur in gea and brackish waters a.'lc;ng
the coasts of the Atlantic Ocean and the Gulf of Mexico (I;rown, 19573
Ggitfi‘!ih, 19:{2). P&:ndulus diaphanus, although considered a typically
, freshvater species is facultatively euryhaline (Garside and Jordan,
1968) and occurs occasionally":lnobrackish water (Hubbs and Lagler, -
1948; Brown, 1957; Leim and Scott, 1966; McAllister, 1970). The distri-
bution of these brackish or occasionally brackish water species is such
that south of New Heampshire it is theoretically possible for each of
the nine species to accur sympatrically with at least two of the other
species (Fig. 1). YNorth of New Haumpshire the maximum number of &pecies
that could occur sympatrically is two, F. hegeroclitus and F. diaphanus,
and these .api)arently do 30 only occasionally. Although the ranges of
F. heteroclitus aud F. diaphanus (Fig. 1) indicate that they are poten-
tially sympatric as‘:rar south of New Hampshire as South Carolina it is
only from the Atlantic provinces that hybridization between mummichog

and banded killifish has been established (Hubbs et al., 19%3),

-
P

The Canadian distribution of mumichog is the Gulf of St. Lawrence,
Quebec, Newfoundland, Anticostl Island, Magdalen Islands, along the coast
of Prince Eaward Island, Nova Scotia, including Sable Island and New

Brunswick (Scott and Crossman, 196k; Leim and Scott, 1966; Garside, 1969;



-

Distribution.of brackish water killifishes east of the .

North American continental %e along with the distri-

bution of banded killifish.

Digtributions are basged

upon published reports cited in the text. Different

lines are used to designate a given speciesg' distribution,

letters are used to designate each species.

D. F.
7
H ®.
+
u F -
G&S ».
c R
P F.
' Se P

L F.

diaphanus -
heteroclitus s
majalis :
grandis & similis
confluentus
pluvereus

geminolis

" .
Luciae
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Gerside et al., isr”re; McAllister, 1970). The Canadian distribution of.

banded killifish is from Newfoundland, the Meglalen Islands, and

Atlantic pmﬁncis, along the St. Lawrence River in southern Quebec,

- Lake Ontario, Ieke Erie, Lake St. Clair, ,and Lake Huron north to the
Spanish River (Scott, 195h; Scott and Crossman, 1964; Leim and Scott,

. 01966; Garside 335 al., 1972).. s

s,

. " ®
-

Sympatiic populations of mummichog and banded killifish have

&

been reported by Garside ef al. (1972) and Scott and Crossman {196h) »

" from the Hagdalen Islands .and Newfoundlsnd, respectively. However,

» . Mﬁ;
little documented evidence can be found to indicate the occurrence of

-

"o such popuiat:lonsu in Nova Scotia. E.T. Garside (pers. cosm.) has '

a \ﬂi observed and collected sympatiic mummichog and banded killifish in the
) Brag D'Or Lake and J. Gilhen (pers. comm.) has collected sympatric

{ poplzldtions in the St. Mary's River, Guysborough Cownty, X.S. The

N~ pccurrence ¢f these populatior{fz along with that described fox‘;l’orters
< E ot ;‘f

Lake indicates that sympatry msy be more comson than 'predously presumed.

»

However, verification awaits further investigation.

94 ° N
Natural History ;v L ¢
e
[

Pundulus as s genus has ‘been a very populu: source of experi-
2 meéental animals. However, little detailed information is kpnown concern-
ing the -natural history of the species in the genus. Minckley and
Klassen (1969) studied the life higtory of the plain; killifish,

F, kaneae. Fritz (MS 1970) investigated the life history of the

13 T
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history of the California killiﬁsh, F. parvipinnis, while Faster

+ California mliﬁsh\, F. kansas. Fritz (X5 1970) investigated the life

ay
(1967;.) described. and discussed the evolutionary sign:lficance of repro-

duction, beluvior, nqd ecological differences of 12 gpecies of Fundulus.
Griffith (1972) has reviewed much of the plxgsiologicnlm and systematic
literature dealing with the genus.

T

been reviewed by Griffith (1972). However, vith a few exceptions most

! Details of differing aspects of the biology of mummichog has

of the studies described were conducted within the confines of the 1a.bor:-
atory. The definitive life history of mmmichog consists of a brief ”
description by cmaester (1916) of a New Jersey populati:dns in vhich it
is noted tlnt the ﬁsh jnhabit salt marshes, coastal streams), and:
estuarjes. MNost nLichds movements are in response to the tide, moving
up .the gradient with the flowing tide and down the gradient into deeper
water with the ebb. During the outward nové-ex;t many Tish either become
trapped in or seek permanent pools, in yh:lch, during the ‘spaxming
s"ea.soit," reproduction occurs. Young hatch in ab:)ut 19 to 25 days depend-~
ing om the water temperature. Aft‘er the sbsorption of the yolK sac the
young feed on -inute plankton. Juveniles, however, feed on the same
items as the adults. Strea-—d;el];ln_g populations move into the marshes
and into deep saline water during the autusn. Estuarine and s:.‘l.t-larsh
populations slso migrate into deeper vater or deep holes during the

autum (Buttner and Brattstrum, 1960). -

-~

Maommichog feed throughout the water column, but the most commonly

]
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i

o

o | : AX



Bty

£

_and systematic reviews (Griffith, 1972) very ligtle hay been repo'rted

ra ]

3
AS

occurring food itema are benthic organisms. This has been confirmed
by Moore (1922) and Frits (1972, in press). Until the present study |
P nt:he-pt had been n@e‘to 1nvp|t1,pt¢§, such basic aspects of the
biology of m—i?:hog as age, growth, maturation and fecundity.

With the exception of the information given ingtaxonomic studies

on the bioclogy and natural history of the ba;zded killiftsh. Richardson
(1939) and Foster (1967Tb) described spmming behavior and found it to
be quite similar to that of mmmichog. Food habits were studiead by
Forbes (1883), Forbesand Richardson (1908), Fesrs (1915), Smitn (1947),
and Fritz (1972, in press). These studies indicate that, like mummi-
chog, banded killifish feed ?lwoughout the water column with ”Qheﬂ major
portion of the diet consisting of benthos. Age, growth, maturation,
ax;d fecundity studies have, as in the ca,sewc;r mumeichog, nét been

reported prior to this Btudy.’

g

t e

Comparativé studies between mummichog and banded killifish
have to date consisted of Foster's {1967b) study of spawning behavior
and physiological ;tudies conducted by Griffith (1972). Conp:risons
by in;pection and by Spearman rank cor;'e;a:biox} coefficients (Fritz,
1972, in press) of the diets of sympatric populations of mummichog and
banded killifish vere made during this study. The results of these
comparisons (Table 2) show that both ;peeies consumed the same organ-

isms yet at significantly different frequencies {p < 0.0l).

< .
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TABLE 2
Comparison of th? diets of sympatric populations of banded
killifigh and mummichog collected in ébrters Lake from June
through August, 1971. Banded killifish ranged in size from
27 to 107 mm total length and mmnze from
35 to 92 om. (N = number of r » ¥, = 5pe rank

correlation coefficient, focc = percentage frequency.)

Food Items ‘ F. diaphanug P, hetervelitus
4 i _ % oce.  rank . % oce, rank
Nereie virens 4.8 16.5 0 1
Cladocera 3.4 12.5 1.7 ‘20
Csnithocampidae 2.0 " T k.6 13.5
Eurytemora affinis 15.2 26 1.5 5.5
Orthocyelopa 11.8 24 13.1 21.5
Ostracoda < 16.6 27 27.1, i 30,
Gammarus fasciatus 11.1 22 *11.6 2k
< ‘Zeptochala savignyi 3.7 3N 3.8% 1
" Acarina 6.9 19 10.8 .22 .
Entomobryidae 0.6 1.5 11.6 24
Odonata - 3.4 12.5 6.6 17’ ,
Tricbl@ira 0.4 20 13.1 271.5
/ Veliidae a2.7 9.5 2.3 8
Corixidae 21.5 28 34.8 1
_ Chironomid Larva 26.3 29 '18.6 29

F. diaphanus n-lik F. heteroclitus n=129; ra=q.27073; N, =31; t=1.5145;
p > 0.1; ar = 29




y § - 18 ~
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Table 2 continued (/
w L [ .
: F?J Items " F. diaphanus F. heteroclitus
. % occ. rank " % oce, rank
Chronomid Pupa 21 95 1.5 ° 5.5
Chironomid Adult 1.3 § 17T > 20
Ceratopogonid Larva 3.4 125 6.9 17
Ceratopogonid Pups k.1 15 3.8 11
Culicid Larva . #3301 25 1.6 24
Culicid Adult 2.0 7 3.8 11
Misc. Diptera T3 3 1.7 20
Unident, Dipters. L. 5.5 18 ‘0.7 2.5
Misc. Copeoptera ° 3.k 125 .5 5.5
Q}»}, Misc. Hymenoptera 2.0 T 5.4 15
Inmect Remains k8 16.5 6.9 17
i Jur. Gastropoda 0.6 1.5 b6 13.5
. Hydrobia sp. 29.1 30 3.1 ‘9
- Pelecypods 1.3 k 0.7 2.5
Fish Ova » 1.1 22 12.4 26
Algae n.i. 22 1.5 5.5
F. diaphanus n=l¥h; X =31; r_=0.27073; =1,5145; p > 0.1; dAf=29

P .
F. heteroclitus n=129 . + :

-




HABITAT DESCRIPTION R

Characteristics of Porters Lake

ws

. Porters Lake iz located about 28 km northeast of Halifax, Nova
Scotia. The lake iz approximately 23 km long, 3 km wide at i%s widest,
and 150 metres wide at _its narrowest. The rocky shoreline i‘s approi:i—-
mately 68 km long and the surface area of the lske is approximately

. 18.8 km®. Like-most lakes in Halifax County, Porters Lake appears to be

z'ela;ivel‘y shallow, the greatest depth "recorded during this study vas
9.5 metres. However,. the littoral profile is generally steep, such
that within 2 metres horizontally from the shore the water dep:ch

increases from 0 to 1.5 metres.

The lake commmicates directly to the sea via an opening at the

south end (Fig. 2). During high tides sea water can bp observed enter—
\ P
ing the lske through this opening. Interviews with losa.l inhabitants

suggested that the opening was formed some time between I950 and 1955;

‘-
however, no official records could be Tound to confirm either these "

FY

[

2

dates or the manner in which the openiné was formed.

* -

Since no limologiea:l,i{fom‘t:lon had been reported for Porters
é&ke, a ghort study was conducted to(obtain some jdea of the physical
H
and chemical conditions of the lake. Twelve stations located through-

out the lake were gampled over a two-day period from August 15 through
August 16, 1972 (Fig. 2). Both surface and bottom waters were sampled

" a



FIGURE 2
Locations of study areas and limnological stations on .
Porters Lake, Halifax County, Nova Scotis. Study areas’

are designated PO 1-6, stations are numbered from 1-12.
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at al)l gtations, while midwater samples were made at those glationa at
which *l‘.ly7 water depth exceeded 3 metres. The linnologiell characters
-euured were water temperature, salinity, pH, and dissolm oxygen ~

[}

{Table 3).

The results of the lake study (Yable 3) indicate that Porters
Lake is in fact two more or less distinct lakes. The upper lake north
of Highway' #T.(Fig. 2) appears to conform with the physical and chemi-
cal characteristics atiributed to Nova Scotian oligotrophic lakes in
igneous rock l;asins* with relatively lov total dissolved solids (Hayes
and Anthony, 1958). The lower lake, south of Highway #7, is a brackish
lake, The surfave. nter\;ppeu.ra to form an irregular horizontal salinity
\gra.diexrt towards the outlet to the sea. Midwater and bottom samples of -
water frtm stations 5, 7, and 8 shov that the lake in these sreas has
both thermal stratification and a halocline, Statioq 8 is of particular
interest since the samples of bottom water taken at t‘his station were the
most deﬂrgient in dissolved oxygen and released the d:[stﬁ;t odor of
-hydrogen sulfide. - ’ '

Study Areas

Because of the rocky and steep littoral zone the areas in which
fish could be collected in Porters f,u.ke were quite limited. Six areas,
P01 to POS, were found which could be seined (Fig. 2). Of these areas
threg, PO1, P02, and P06, were accesaible by road, vhile P03, PO, and
P05 were accessible only ‘by boat. Features of the six study areas are

~ o -’

shown in Table b. / . 2
£ : ~



TABLE 3
Summary of the limnological survey made at Porters Lake August 15 and 16,
1972. All vslues are mgs,n“values for tiie two days. DO=dissolved oxygen.
Position of each station can be located on Figure 1.

Station No. 1 2 3 ,

surface ‘hottonm surface middle bottom surface » bottom
Depth {m) 0.0 =1.25‘ ’ 0.0 1.25 2.5 0.0 1.25 '
Temperature (G} .  19.5 9.2 19.0  20.0 20.0 19.0: 17.5 8
Salinity (%o) 6.1 161 152 154 15.4 15.2 16.2 '
pH , T 7.1 7.2 7.k 6.9 7.2 , T.2
D0 (mg/1) . 8.8 8.8 9.1 8.8 8.8 9.1 8.8 L
Station No. h ‘ ‘ 5 6

surface bottom - _ surface middle bottom surface  bottom
Depth (m) 0.0 1.25 0.0 2.10  h.25 0.0 1.0
Temperaturé () 20.0 20.5 = 21.0 20.0 17.8 21,0 . 2.0
salinity (%o) " 3.0 3.3 . 2.9 15,7 16.2 2.9 2.9
pH 7.2 7.2 7.6 7.5 7.2 7.4 T.4 EEN
DO (mg/1) 8.5 - 8.5 8.1 8.8 8.8 8.8 8.8 ]

e
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Table 3 continued ™
Station Xo. I 8 2
surface middle bottom  surfece middle bottom surface bottom
Depth (m) 0.0 225 L5 0.0 55 9.5 0.0 1.0
Tenperature (C) 21,0 19.0  17.0 21,0 17.0 11,5 20.0 20.0 ‘
Salinity (Yo0) 2.8 156 16.0 2,6 151 15.7 2.5 2.5
pH 711 715 7.3 "rtl 7'5 TI‘!"' 763 ! 7.3 L
0 (mg/1) 8.1 8.8 8.1 9.2" 8.3 2.2 8.1 8.1 ‘;’
Station No. 10 Al -1-'-23 i
surface Ybottom gurface middle ‘bottom surface  bottom N
Depth (m) 0.7 1.5 0.0 3.25 6.5 b.q' 1.0 \
Temperature (C) 21.0 20,0 20,0 ' 20.0 20.0 21.0 20.5 ’
Salinity (%) 0.0 0.0 0.0 0.0 0.0 0.0 0.0
o 6.6 6.6 6.5 . 6.5 6.5 . 6.6 6.5
DO (mg/1) . . 8.8 8.8 8.1 .8.0 8.0 8.1 8.2
()
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-~dominant meerophytes. '

The area of the lake that includes POl and POZ2 has been
termed the 'hybrid! ‘xon‘e since this is the portion of the lake in
which the gre‘;.teat degree of sympatry between summichog and banded
killitish was encountered (Table %) and in which the largest number
of suspected hybrids was collected. Although both POl and PO2 occur
approximately the same distance from the sea, the two areas are guite

- different (Table k). ..Study area POl is.quite shady and has a'mixed
mud anod sand substrate with the green alga, Chara sp., and the spike
rush, Eleachoris palustris, being the dominant aquatic macrophytes.
Study area PC‘;Z, however, has little shade, substrate consisting of a

nmixture of mud, sand and wood chips, with creeping bent, Zgrastris

stalanifér, and broad-leaf cord grass, Spartina pectinata, being the -

’
-,

-

> Study areas P03, PO4, gnd POS are essentially very similar.
All "55 small coves \?ith denge growths of ditch grass, Ruppia sp.,
and Chara sp., with large quantities of wood. Although closer to the
gea than study areas POl and P02, few mummichog were collected in
these aréas :}n seversl attempts, which indicates that mumicho;;

distribution is rather disjunct in the lske.

Study area P06 is quite distinct from the other study areas.
The mud substrate, with sn aercbic depth of about 40 mm Govered 4o a
great extent by mats of Potamegeion ep., pond weed, and Entez'o;nozyha
8p. , is a hsbitat somewhat similar .to’ those encountered i;g the salt

pans of salt marshes.



TABLE 4

Synopsis of conditions of study areas in Porters Lake 1971, Physical and ‘chémical dats
represent aversge conditions during the 1971 breeding sesson for both mumici;og and
banded killifish, Hybrids = the mmber of suspected hybrids collected at that study
area}. the upper mumber = 19T1, the lower = 1972; JTU * Juckson turbidity units.

. Location of study areas are given in Figure 1.

Study A:?ea ) POl \ po2 .

Water Temp. (C) ~20.1 (16.0-2k.4) * 21.2 (16.0-27.0)

Salinity (%,) 7.3 (1.3-16.5)

Turbidity (JTU) 19 (20-40) " 0-20)

Substrate Mud & sand, sunken wood
) F. diaphanus 332 collected

F. heteroclitus 232 collected

517 collected
128 collected

¢

6.6 (0,8-15.1) e

ood chips, sand, mud, rocks

Hyboids 30 collected {1971). 11k collected (1971)
0 collected (1972) 3 collected (1972)
Vertebrates Row famerig-anus Roccua americanus
Menidia menidia Menidia menidia
Anguilla rogtrata Anguilla rostrata
Catogtomus commersonii Apeltes quadricus -,
Apeltes quadraqous
Gasterosteus qeuleatus ‘% -
. Pungitiug pungitius :
Alosa pseudoharengus -
Macrophytes Chara sp. Charm sp.
Flecchavis palustris Spartina pectinata
T Agrogtris stolonifera Agrostris stolonifera

Spirogira sp.

4 ~ -

FO3
19.0
5.2 (0.8-14.1)
20 ,
Mud, sand, wood chips
152 collected
9 collected .
0 collected (1971)
0 collected {(1972)
¥enidia menidia
Apeltes quadracue
Gastervsteus aculeatus




f ~
" Table b continued . ;
) “ éfk b s ’ =
Study Ares. Pob POS | PO6 (examined 1972 only)
Water Temp.  (C) 26.7 (24,5-29.0) 25.6 (25.3-26.0) 2k.1°(20.0<32,0) S
.Balinity (%) . 12.8 {12,0-13.6) 14,5 ® . 12.8 (7.5-15.3)
Turbidity (JTU) 12.5 (15-10) .15 16.6 (15-20), &) i .
Substrate Mud, sand, wood chips Mud, sand, wood chips Mud, trash -
P, diaphanus  -13) collected 135 collected 48 collected o .
F. heteroolitus 26 collected 11 collected 250 collected é
Eybrids 0 collected (1971) 0 eollected (1971) 23 g ) ,
- 0 collected (1972) 0 collected (1972) ¢ '
= . Vertebrates Menidia menidid Menidia menidia : Rosaus mﬂoanuc
Apeltes quadgqou; Manidia mentdia e
‘ Angullla postrata - -
o ".Apeltes quadraous
¥ N . Gasteposteus aouleatus
X . Pun itiuc pungitﬁua
1 Mg 8 tomaod
t ; g Pu pleuronsates
ameriaanue
Macrophytes Ruppta sp. Ryppis sp. Ruppia sp,
Chara sp. Chara sp. Potamegeton sp. .
Eal :

N

o



A1k study areas slmr some degree of* ﬂnctmting sa.nnity
Ve ) (Table h) Tbese salinity rluetmtions can, in part, be attributed
to the tides. As the tide rius sea water mixes with the Iresh 3.nke
: ' water ingressing the salinity and as the tide ebbs part of the mixed

c N ? y 7

»
water leaves the dake, thus reducing the salinity. Tbe salinity is

forther reduced during perioda of rain vhen mn-oftnincreases the
- fresh vater input. Differences in tempersture re‘&orded at each station
(Table 3) may be attributed to the different times of the day at which
- each temperature wis taken. More reliable indicators of the surface
o . .

a . N tenperature of the littoral araym of the lake are the mean monthly
values calculated from the pooled temperatures taken at all statioms

during each month (Fig. 3). . -

1

5




p & . FIGURE 3 ,

©

R

Meatt monthly surface tempersture of littorsl arsss
of Porters Lake, Halifax County, Nova Scotia. Values
were calculated by pooling temperstures taken at °
each study uxieu during sach elvl;lecting trip, v
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*ENOTYPIC‘ ANALYSIS AND HYBRID IDENTIFICATION

Materials and Methods -

. . - =
7_*} Hubbs, Walker, and Johnson (1943) give a list of 32 characters
by which the:y were able to distinguish mummichog, banded killirigh, and
\ their hybrid. Many of these characters, however, are relatively difficult
to measure. My examination of the three forms revesled that eight charac-
) ters, easy to measure, count, or c';.lculate could 'be uzed to differentiate .
;:l’early' these figshes. The characters are: distance from origin of. the
dorsal fin to the hypural plate (D-C), caudal ped%le depth (CP) »_ratio
p of D-C to CP, numbers of gill—rakt;.rs,’ egudel fin ro.ysh, Aand vertebrae,
‘peritoneal color, and electrophoretic examination/of muscle malate dehydro-

genase (MDH) and lactate delydrogenise (LDH) patterns.

A1l external measurements and counts were made in accordance with
the procedures of Hubbs and Lagler (1948). All measurements were made to
0.1 mm with vernier calipers. Any one of th;ee methods were employed to
count vertebrae, each beit}g govern‘qd by ssize of specimen. Alizarin stain-
ing and stereoscopic magnific;.tion gccording to the methaods of Taylor
{196T7) or conventional radiography were used for fish longer than %2 mn
standard length, while 'soft! radiographicf technique wa? used for smaller
fish. EKlectrophoresis was performed according to the meth(ods of Odense,
Allen, and-Leung (1966). ) . .

o
-

Hybrid deteminatio'n is based on phenotypic intermediacy between

5 o
- <
" -
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;;nrentul species (Hubbs et al., 1943; Hubbs, 1955). Females of the three
types of rish!;s were used in these comparisons because no mle\hwbrids

were identified from the 170 hybrids collected during 1971 and 1972, In
order to &x}nine any degree of chiaracter displacewment that might have »
occurred within the Porters Lake mmmichog and banded killifish populations,
cagp‘riso;ls were nade between these and representative aliomtr:le popula~

tions from province-wide collections held in the Nova Scotia Museum.

Character Comparisons Between Sympatric Specles \’

™ <
Origin of doreal fin to hypural plate (D-C}. Scott and Crossman
(196k) showed, by neans, of the dorsal fin index (DFI) (that is, the dif-
ference between D-C and standard length), that insertion of the dorsal
fin isvlocatet"l more anteriorly in banded killifish than in mummichog. ‘ .
) !Qxe DFI, however, changes with growth to such ¥n extent that in small
indi\ridual:?lﬁ-jm of each species tends to overlap each other somewhat
(Scot‘t and Crossman, 1964). To eliminate the problem of allometric
growth, incurred by using DFI, yet still utilizing this character,
relative-growth analysis {Martin, 19k9) wvas 'performed on the D-C and - .
body length (Fig. 4). Analysis ;r covariance of the resj‘:ting regres- ~J

sions indicated that while there is mo significant difference between

glopes (P > 0.05), there is a significant difference between adjusted

means (P < 0.001). This indicates that more snterior location of the -+
. i

dorsal fin insertion in banded killifish®is constant thréughout the

life span of the two species. ~

-

> Al
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FIGURE b

Relative growth regressions for (D-C) the distance from the
origin of the dorssl fin to the end of the hypural plate for
mummichog (H), banded killifish (D}, and suspected hybrids (Q).
The upper two regressions were ‘calculated from combined p;o—
vincisl data obtained from fishes held in the Nova Scotia
Museum fish collection. The lower three regregsions were
calculated from killifish collected in Porters Lske. Results
of tests for statistical significance smong the regressions’

are given in the text or in Tedble T. i .

v
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Depth of caudal peduncle (CP). Like D-C, this character is suscep-
tible to changes with growth (Martin, 19%9). Therefore, it also was
analyred by relative-growth methods (Fig. 5) - fnalysis of covariance
between the regression lines indicated that the slopes are not signi-
ficantly different (P > 0.05), but the adjusted means do ndirfer signi-
ficantly (P < 0.001j. This shows that the relative depth of the caudal
pgduﬁele of the mamichog is greater throughout its life span that that

of banded killifish.

Ratio of D-C to CP. Brown (195T) used the ratio value of 3.3 or
more to separate F. diaphanus, F. seminolis and F. waccamensis from
F. heteroclitus, F. grandis, F. pulvereus, and F. confluentus which have

-

a g'at;lo value of 3.2 or less. In Nova Scotia only one species is iaresent
for each of these two series of species. Figure 6 shows that in Porters

Lake 13% of the mummichog have = vslue exceeding 3.2. A comparison by

4! test of the ratios of the two species shows a significant difference

-

{P < 0.001). -

Gill-raker mmber. This character is of particular use in distin-
guishing the two species. Mummichog in Porters Lake have 8 to 10 gill-
rakers, while banded killifish have 5 or 6 gill-rakers (Fig. 7). No

specimens of either species have been collected in vwhich the gill-rsker

number of one overlapped that of individuals of the opposite species.

Caudal fin ray mober. Figure B shows the frequency distributions

of caudal fin ray nusher for both species. ILittle overlap can be

o

©



i FIGURE 5

Relative growth regressions for (CP) depth of caudal peduncle
for mumsichog (H), banded killifish (D), and suspected hybrids .
Q). ’ The upper two regressions were calculated from combined
provincial data obtaiz;i' from flshes held in the Nova Scotla ~—
Museum fish collection. The lower 'three regressions vere
cdlculated from the three types of killifish collected in
Porters Lake. Results of t‘ests for statistical significance .

among the regressions are given in the text or in Table T.

wd
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FIGURE 6

Frequency distributiong for ratio of the distance from the ’
origin of the dorsal fin to the hypural plate divided by
depth.of caudal peduncle (M/C}’), for mummichog, banded -
killifish, and suspected hybrids collected in Porters laske
and banded killifish, and mummichog oﬂ%inea from the Nova
Scotia Museun fish collection. Results of tests for '
statistical significance among the members of these .

populations are given in the text or in Table T.

' X = meen, n = sample size, 5 ~ standard deviation

¢
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EIGURE T

3
-

Frequency distributions for gill-raker number for mummichog,
banded killifish, and suspected hybrids collected in Porters

Leke and banded killifish and mummichog obtained from the

Nove. Scotia yuaex;n fish collection. Results for tesgts for
statistical sig-n‘i'.fricance among the members of these populstions .
are given in the text or in Table 7. ‘ .

. R
X = mean, n.= sample size, s - standerd deviation )




FREQUENCY. -

60 —_
x=5.42
40- $s=0.52
a=101
20 = .
F, diaphonws
G a
‘o“ - —
- x=7.10
60 hybrid s=0.59 -
a0- | m=mo
20- - E
o T . 1
F, heterocli s x:
a0d | Ietus
20-
0 —T

4.5 6 7 8 9
GILL-RAKER NUMBER



-

-

observed and a comparison betmn the two species 'by Y test shmrs
a highly significent difterence (P < 0.001). &

Vertebral nmwwber. This, character, also, when compared by 't' test
shows a significent difference (B < 0.001}). The frequency distribu-

« ' tions (Fig. 9), however, indicate that 6% of the mmmichog have a

v

-

1

Q

vertebral number similar to banded killifish.

-3

Peritoneal color. > This character was analyzed qualitatively.

-~
-3

Figure 10 shows examples of peritoneum of mmmichog and banded killi- -
fish. These portions of peritonewm wvere pl;otographed at different
exposures and with different backgrounds, It can beipbted that the
peritoneuim of mumichog is.almost uniformly black, vhile that of
banded killifish is dark on the dorsolateral surface and silre;y on

the ventrolateral surfaces {Fig. 10). |
|

Electrophoretic patterns. The patterns of both MDE and LI
(Fig. 11) obi;ained from the Porters Lake mummichog andi ‘banded killi-
tish indicate that both‘ apecies/a.r'e homozygous for both enzymes and
that both species show distinctive electrophoretic mobilities of

the two enzymes. ; . 2
i

Other characters such as color pattern and gross morphologic

.

appearance also show distinct differences (Fig. 12).




FIGURE 8 - -

" Frequency distributions for caudal fin ray number of mummichog,

A . e
banded killifish, and suspected hybrids collected in Porters =
Take. Hesults of tests for statistical significance among —~ J;
mesibers of these populations are given in Table 7.

X = mean, n = sample size, s = standard deviation
. - .
. . , &
\ °
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FIGURE 9 .

-~ <

s

,lirequency diatrﬁmtions for vertebral number of mummichog,
banded knnﬂ.;h,' and suspected hybrids collected in
Portgrs Lake. Results of tests for statistical significance
among members of these populations are given in Table T.

X = mean, n = zample size, s = standard deviatitj?

s
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FIGURE 10

a

Peritoneum of banded killifish (D), suspected hybrids (Q),
Q
and mumichog (H): # was prepared on a white background,

#2 vas prepared on a grey background, ¥3 wes prepared on a
dark grey background. "

I
S J.

-



N




&

el

e

° FIGURE 11 )

" Electrophoretic patterns of muscle malate dehydrogenase (MDH) -.

and lactate dehydrogenase {LDH) for 5 mummichog (H), 5 suspected
hybrids (Q), and 5 banded killifish (D). X indicates a suspected
hybriu; that was inadvertently placed among the nm:lchoé. c'c

is ;;he hybrid band in MDH, the undesignated arrow indicates the

hybrid band in LDH.
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~ FIGURE 12

Killifishes collected in Porters Lake,

Scotia., P.H. mumichog, F.q.
killifish. \

i

e

Halifax County, Nova
suspected hybrids, F.d. banded
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Character Comparisons Among Allopatric Populstions

%
L

When stable populations of closely related species are sympatric
over a period ofr time that encompasses & large number of generations,
the phepc-enun of :hmcter displacement.can take place (Brown and
Wilson,,\ 1956). As was mentioned previously, Porters Leke has been
mopen jo the sea for about 15 years. If mummichog apparel}tly begen
to enter the lake at that time it is possible that some character
displacement coyld have occurred within the ‘banded killifish and

Qlu-ichog populations.

g
“Three characters were in(i}iauy used as potential indicators

of character displacement, D:-C)VCP, gill-raker number, and DFI.
Figure 13 shows the mean values f;r -thege characters for both species
for the county in which the fishé‘s were collected. Analysis of
variance for D-C/CP and gill—;aker nuwber of allopatric provincial
populations of et?&h species showed that these characters, in both

* species, differ sig'zincantly (Tables 5 and 7) These differences,

h{nrever, do not appear to be geographically clma.l in nsture (Fig: 13).

-

The D-C/CP and gill-raker number of Porters Lake pummichog

and banded killifish fopulations were compared by 't' tests with the

combined prcﬂnciaT valyes of these characters for each species .

(¥ig. 6 and 7). Results of the comparisons showed that there were'-
no significant differences (P > 0.05) between the Porters Lake popu~

lations and the qcé:i;ed’pm%ncial values. No attempt was made to

@
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FIGURE i3‘
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\

Mean values of D-C/CP, gill-raker number, and dorsal fin index

(in vertically descending order) of semples of\humichog () and ;

PR

banded killifish (D) eollectea“ throughout the proviice and held
@ @ t
in the Nova Scotia Museum, ) 5

'
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TABLE 5 _ v
Analysis of variante for one-way design for the ratio of D-C:CP of
province~wide samf:les of mummiciwg and. banded killi'ﬁ.sh obtained from

the Nova Scotia Museum fish collection. Localitles from which samples

Y
#

were taken are given in Table l,. »

SPecies: Fundulus diaphanus?(banded killifish)

s

Source df » Sum. p¥ Squares Mean Sgquare F Ratio Frobability
Between Groups 13 12,75k 0.981 Cakamn > 0,05
Within Groups 369 25,548 0.069 ‘ ,
.
Total 382 38,302 \ ’
Species: Fundulue hetercelitus (mumichog)
Source ar Sum of Squares Mean Square F Ratio Probebility
Between Groups 5 . 1,366 © 0.273 10,949 > 0.05
Within Groups 89 2,220 ) . 0,029 oo
Total 9k 3.586 ) R
. N> -

~ ="
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TABLE 6 .

Analysis of variance for one-way design for gill-reker Lum‘ur of provirce~

“wide samples o¥-mummichog and banded killifish obtained from the Nova Scotia

Muneum fish collection. Locelities from vhich samples were taken are given
in Table 1. X . L

Species: Fundulus diaphanue (banded killifish)

=

7 «
‘Source as Sum of Squares Mean Square F Hatio Brobability
——— - 1
Between Groups 13 28,356 2.1481 6,752 < 0.05 =
Within Groups™ 369 119.206 0.323 * ‘ ® » v
Total 382 . 1k7.562 . ‘ ‘ ‘ !
3 #
. Species: Fundulus hetercalitue (mummichog) P
. Source df . Sum of Sguares Mean Square ‘ F Ratio Probability “%
Between Groups 5 7.461 1.ho2 3,488 < 0,05 :
kY
Within® Groups 89 38.076 0.428 . }
Total st . bs.s3t ¢
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. compare the dorsal fin indices of the allopatric provincial popula-~
tiogs, since the size ranges of fish in ea:ch sample varied too .
greatly. To reduse this variation D-C and CP relative-grovth rates
were ca.lcvulate.d from theQ pooled data for each species (Fig. 4 and 5}, .,
f;ld these vere col;pared with those of th? Porters Lake mummichog and

-

banded killifish populations. Results of the analyses covariagce
S 3

indicate no significant differences in either slopes or adjusted

means for both characters. The resulis of these four comparisons

indicate thet no detectable character divergence has cccurred -within

the Porters Lake mumsichog and bended killifish populations. .

.
€ -

g ¥

Hybrid Character Agalysis

4

w *

Since neither the Porters Lake mumichoy or banded killifish
ép}e’ar to differ structural}y and mrphometfically from others of
the respective species collected thrcm.ghout the province and since
any hybrid between these species should be intennedia.tg between
pa;en‘l;,\al populations only the Porters Lake fopulations of both -

. species were ﬂtilizet*n the analysis of suspected hybrids.

&
F %

Inspection of the morphometric ;-éfi;;ionships, merigtic
frequency distrib.ut:ions and electrophoretic patterns of ‘the two s
species and suspected hybrid (Fig. 4 to 11} indicates t;mt the sus-
pected hybrid is distinctly intermediate to mummichog and banded
killifish in all characters analyzed. “ The fx:equency distribuzions

of caudal fin ray number snd gill-reker number (Fig. 8 and 7) are’




A

~ BT -

T

slightly skewed tokka mummichog, while vertebral number appears- to
be skewed slightly toverd banded killifish (Fig. 9). The frequency
distribution of the D-C/CP ratios shows little skewness toward either
species‘ (Fig. 6). Arthough some skewness is noticeable in three
characters, the degrees of skewness dok not appear to indicate any
degree of 'ba.ck-crossingk. This, hypothesis is supportec} by peritoneal
color and by MDH and LDH electrophoresis (Fig. 10 and 11). The )

.

hybrid bands that are noticeable in both MDH and IDH appear to have

-

an- eléctrophoretic mobility as consisten} as any of the bands observed

®

in each gpecies, Peritoneal color, also, has a consistently similar

intermediate color pattern (Fig. 10).

v

Table 7 sumarizes the results pf statistical analysis of
th; siag morphometrie Ya;ul meristict characters used to distinguish

the suspecteds twbrid from the two established s;;ecies. In all
instances the suspe;ted\ Yybrid, as may be expected’ from the graphic
;epresentatizons (Fig. ¥ to 12), differ significantiy,from either of -
the establishedspecies. XNo quant;ita.tive analyses were performed on
peritoneal color of electrophoretic patterns. However, inspection -

of these characters show that they are guelitdtively quite distinct.

Further structural and morphometric eviéertce for hybridiiatiion >
between mummichog and banded killifish was obtained from collections
from the $tl. Mary's River. . Frequency dis‘tribﬂtions of D-C/CP, gill~
raker mmber, and caudal :Lfin' ray number 'ﬁ%g with analysis of rela-

tive-growtl; rate of D-C and CP {Fig. 1% to 18) show relationships.and

o *
@

»
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- " TABLE 7

Test, for statistical signii:icnnce for cimractern used to diatinguish among the
three types of killifish caught in Porters Lake, F.d. = Fundulue diaphanus, .-
F.he * F. heterooliitue, F.q. - suspected hybrids. - At mean-of F.q. = the values
. . , taken from relative growth regressions at the mean lenygth of the ;ulpected hybrids ’
. (47 mm) standard length. Reg, coeff, m regression coéfficient for the preceding
character. DC, CP, and D~C/CP are defi A ih the text. SE = gtandard er;ar.

Morphometric * At Mean of Fuq. Probability of Significance
> - Character F.a. ch- F.h. fia.:ﬁ.q. nhu"Fan sem~l, 0,

e - - ] 21.3 20,0 . 18.5 < 0,001 < 0.001 < 0.001

) . Reg. coeff, ' . 0.96 1,04 1:02 > 0,05 > 0.05 > 0,05
cP : R 5. T 6.3 < 0,001 _< 0,001 <0.001 ¢

\\ Reg. coeff. ? 1.07 1.20 0.88  <0.05 < 0.05 > 0,05
Meristic Characters )

] or Ratios Mean # SE U ¢

D-C/CP v 4,24 20,03  3.67 20,02 2.85 £0.03 < 0.001 < 0,001 < 0.00L
Gill-Rekers , 5.42 $0.05 7.10 #0.06 8.41 %0.07 * < 0.001 < 0.001. < 0,001

J " Caudal Fin Reys  15.87 £0.04 17,39 #0,06 19.51 0.1k < 0.00L <0.001 < 0,001

. Vertebrae \ 34.71 £0,07 34,32 #0.08 32,91 £0.07 < 0.001 < 0.001 < 0.001

| Ve © 2 R
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- ‘FIGURE 14 . S
" i £,
’ B . 4 .o - i e T P
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Relative growth.regressions for depth of caudal peduncle
of mumichog (A), suspected hybrids (B), and banded killi-
fish (C) collected in the St. Mary's River, Guysborough

County, Nova Scotia. Results of tests for statistical

» .

significance among the three type¥ of killifish are giw;en

in Table 8.
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CAUDAL PEDUNCLE DEPTH (mm)
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A logD=-1182 +1.185logL , r=0.975
B logD=-1.033+1.034logL r=0.984
€ logD=-1195+1L113logl , r=0.995
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.- FIGURE 16
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Frequenty distributions for ratio of the distance from

g} .-
‘ ‘of caudal peduncle for mummichog, banded ki

éuspected hybrids collected in the St. Mary's River,

Guysborough County, Nova ‘Scotia. Regults of tests for
’ 4%

statisticel significance among the three tyges c%‘}
. o

killifish are given'in Table 8,
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. e s X = mean, n = sample size, s = standard deviation
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FIGURE 17 s
Frequency distributions for gill-raker number for mummi-—
chog, banded ki]jliﬁ.sh, and 3uspec:bed hybrids collected
in _the St. Mary's River, Guyskorough County, Nova Scotia.
‘Bgs?lts‘ of tests for Shatistical significance among the .
three types of killifish are given in Table 8.

X = mean, n = sample size, s = standard deviation -



kY

x=5.38

- % o

2 $=0.65

P =24 a2 .

kS

1
4

FREQENCY

hybrid -7
tzm :“:.
F, heteroclitus

Cl

x=7.80 . °
s =0.41
n=15 .

Y




h ]

L)

— * FIGURE 18 - ’ .

fiﬂ

P

-

Fréq,li:ency distributions for candsl £in ray nusber for
mumuichog, banded killifish, sha suspected hybrids collected
in the St. Mary's River, Gwsbo\rgu/gh Connty, Nova Scotia. o~ '
Results of tests for statistical significance among fhe

° A N v
three types of killifish are given in Table 8.
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“a

Lake. Statistieal’ analyses (Table B) show that the suspected, hy‘brids
¢

2 v

|
differ sigmrica.ntly from local mnmuchog and banded k.ilhfish by

hybrids. :Compprisons between the hybrids of Porters Luake snd the
hybrids c:t St. Mary's River show tha.t the two differ significantly ~
in all \characters except gill-rsker ,mmber {Tables T and 8). These
analyses indicdte the presence of hybrids, vather than a morphotype
of one or the other sdpecies. S I 4 “

- .

. Hybrid Index .

Hybrid indices are used to determine the extent of inter-

EY

mediacy possessed by a hybrid (Hubbs, Walker and_Johnson, 1943), as
o » ~ Nt
a means of estimating the degree of back—crnssix:g {Hagen, 196T;

Greenfield and Greenﬁé“ld, 1972) and as a meens of identifying hyorids

A - -

——{Nelson, 1968). . . A

,_\,
e v

) s I

Four characters weré vgc:ombine.d to calculate hybrid indices
(Fig. 19) according to the methods of Greenfield and- Greenfield" (*972)
The characters used were the ratio D-C/CP, gill-rgker nuniﬁer, caudal
tin ray number, and vertebral r. The total’ ﬁroﬁnci%l numeryeal

_ range of values for each chargg¥r was transformed ‘to an arbitrary

scale of 10 units in which the lowest value for banded killifish was
C v :

assigned the value of 1.0 index unifs and the highest value for “
# £ '

thtterences gimilar to those observed among the lulliﬂshes of Porters .

approximtely ‘the same degre* ‘as. that observed among the Porters Lake ’

5



o ) @ R ) , s . i
. ~-d ) v . . <
R : ; i )
N ~ TABLE 8 . - \
Tests for statistical significancgoor characte:ra ua;dsto distinguish
T among the thrae types of killifish caught in St. Mary's River. .
“ . F.d. = Fundulus diaphanua, F.h. = F." heteroclitus, F.q. = suspéted R .
h , hybrids. At mean of F.g. = the values taken frdm relative growth b
) o regressions at the mean length of the suspected hybrids (ée mm gtapdard 4
e " length ). Reg. coeff. = regression coefficients. D-C, CP, and D-C/CP .
. are défined in the text. SE = standard efror, T L '
’ 'Morphometrie o At Mean of F.g. Probability of Significance e
N Character . ‘F.d, F.q. F.h, F.d.-F,q. F.h.~F.q. F.d.-F.h. "
I-C 14,8 ' 13.5 12,5 <0.001 ¢ 0,001 < 0.001
. ] Reg? coers. s T 09T 0.92 - 0.8 »>0.05 > 0.05 . >0.05
- |, CP : '3 3.5 -kl  <0.001 .<0.001 < 0.001
 “Beg. coetf. ’z 1.12 1.03 - 118 <0.05  <0.05  >0.05
N } o .
() eriatge user ! Mean & 52 C - ”
) D-C/CP “ 4.69 0,07 3.86 0,06 .3.06 £0.07 * < 0.001 < 0.00L < 0.001
"" . Gill-Rakers © 5.38 $0.13  T.16 20,09 7.80 #0.11 < 0.001 < 0.001. < D.00L
* Caudal Fin Reys 15.79 $0.09 1T.11 £0.13 19.20 #0.11 < 09001 < 0.001 < 0.001

I3

[
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"y " FIGURE 19

Fx;eq'uen::y distributions of indiv-id\ia.l hybrid indices based on D-C/CP,
gill-raker number, cauda.i fla rey number, and vertebral number of
munmi chog, bandéd killifish, and suspected hybrids collected in
Porters La.ke, Halifax COunty, Nova Scoti&. .
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mumi chog was sssigned the value oB10.0 index units ond &1l other
or:lgtm character values jnterpolated aceordingly Thus , -the 32
values tor the ratic D-C/CP for all suplea were converted to trans- )
- formed values of 0.31 index units (10.0/32 = 0.31). wcill-raker

2

counts contained 8 values and were assigned index units of A.3. In
“the same way the number of caudal fiuy rays were assigned 1.0 jndex

units, and 2.5 index units were given for vertebral number. After '
the index va.lues wene assigned to each character, “a mean character
‘index value was c’aleula.ted for each specimen, this u’h:rﬁ’ng the
hybrid index for that individusl. According to this method an

_ . & N
organism showing perfect intermediacy should have a hybrid index of

[N

5.0} Neither D-C nor CP were utilized separately in the caleulations

of hybrid indices because these characters constantly change with

™~
growth,’ thus ‘wmaking the aésigning of index units extremely difficult.

The subjectivéness inherent in distinguishing gradations in color is
too great to warrant the inclusion of peritoneal coclor into the hybrid

index. Subjecti’v‘el}, however, examination of differences in peritoneal

-

eolor and.the rqlative—grawth rates of D-C and CP show similar degrees

4

of separation anong ‘the three types-of nsh as those observed in the
characters utiliz&l-\ﬁn calculating the hybrid index, ‘ . .

3

»

N The resultitg hybrid index (Fig. 19) shows clearly that the

ki

ted hybrid is qniite intermediate between the two parental
. species. The mean value and standard deviation of the combined indi-

vidual hybrid indices is 5.22 $0.3k. This value compares guite -

a
o ~
FR . -



i ' ravorably with the 505 (5.0} combined mbr.id index value obtained by

¥

v

: : Hubbs ef al. (19h3). The da.stinct structural sepmtion of the three .

~ )

\ populatinns of fish also implies tha.t the hybrids are of the ¥; genera-

tion {Hubbs, 1955). This inference is substantiated somewhat by the -° % .
- o ‘. ~ « 4

consistently disjunct nature of electrophoretic patterns.

-
2
[ > * »

# ° Breeding Experiments .

-

N - Successful laboratory crossing of two species does not, in
o 8 ?
> itself, substantiate natural hybridization (Hubbs, 1955). ‘Many suc—

‘cessful laboratory crosses have been made between non-hybridizing ®

i

cyprinedont species. (Hubbs (1970) reviewed the literature on recent ’

e

laboratory cmssinés among Fundulugs and other cyprinpdont species,

?

and showed that most allopatrié species easily produce hybrids and
- that those ;)’/rogluced‘rrom m}phoioginally sJ:Inilar parents are easily
, reared to a;flult s:ize. However, a laboratory produced- i:ybrid which ' g
~ possesses characteristics that are similar to those of a suspected r
-~ natural hybrid does provide some substantial evidence for natural ’

hybridization {Nelson, 1968; Simon and Noble, 1968). . p

» v

Parents used, in lg'boz"a.tcxy cr9ssing experiments vere collpctgedﬂ
;"‘épt'v ’ in Porters Lake at the end of June 1972, the timg shown pleevhere to . "s .
L be the pesk spawning period for.both speniés- The two species were
segré/ga:t:ea and held in the ia‘bora;;ozy. Fishes ’vg;e stl‘;rved for 5h 2
gg' to 36 hoyrs prior to crossing. This was done because ”experiencg . .
‘showed that ova could be stripped more easi],v after a delay th&n when
’ : T ' s ~ Y

.
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fish were initially brought into the laboratory.

'
L

- Induced fertilization was accomplished by expressing ova of

the minced te;tes T the othér species. This ;irbure vas agitated .
A slightly in riltered sea water for five minutes and alinwed to stand
s for ten minutes. Ova were then placed into 0.58x0.33x0.07 metre
polyetmrlene trays, clmps vere separated, and incubated in brackish
water (salinity 10 .*.2‘700) !rhieh was supplied from a constant—;t'low .
hea}ft;zi (F:lg. 20). u:e-pemfm vas uintained at 20 31 C by thermo-
) ata.t controned sub-ersible heaters. The rertilized ova were maintained '
. at a 16-hour duy, B-hour night photoperiod. Following initial aifei-
cuw.es with :ﬂmgus infections, b ul of Squibb Mycostatin suspension /} ,
was added to each incubation tray at four-day intervals. «Although .
\ iprectlon was not elininated it vps reduced appreciably. Reciprocal N v

3

crosses were made between the sexes of, the two species.

b When embryos reached developnental stage 34 (lower jaw well ‘
’ developed and muth cpen) as described for mmichog by Ar-stmng and
Child (1965) incubating trays vere placed ;lnto aguaria in ich hatch-

ing 3étiurred. 'mese Gguatia “were supplied with the same type of water

s

“pf the yolk-sac, fry were mntained for 12; weeks on a diet of freshly,
. .
g:ollegted plankton. From veek 10 on until ythg cgupletioxt of the study .
I . " ® ,
fry were fed ground Tetramin. Twenty weeks after hatching 50 fishes - ’

. of each cross were zmaelectlvel‘sj&rawn and preserved for morphometric

»

, exa-inatim;s, vhile an additidnal 50 of each cyoss were frozen for - /"

that had been supphed to the incubation trﬁs Following absorg\tion ——
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electrophorétic examination. ~ )
"y Because of difficulties reswliting, from repeated fungus infec-

3

tions no attempt was made to nnal;’y:zé dmtgtntive.}y mort;ality rates.

However, exanminations showed that the cross of F. diaphanue (F.d.) d‘

x P hotoreeliius (Fuha) 0 ‘had high ha?ghing success followed by
rapidily decreasihcg sui'vifval. The oppositeggross» had a low h&?ching
suseess. with higher Survival‘.l Possib.fle crowding ;n the F.d. 8‘ x F.h, Q
crg’ss was the only appreeiahlé envirornx:;ental, condition that differed

between the two orosses. ‘Howéver, stibsequent elimination of this
3

—

* crowding 3id not enhance Surviv%‘de:tecﬁably. i -

N -

i

P 'Faur characters of the labaratory—produced hybrids were used

e . ’
»

in x:onparlsons with suspected naturel hybrids, D-C/CP, goill—-raker
:mmber, “vert“ebml nmnber, ami MDH electrophoresis. £Neither crods
proﬂnced a ss.gnlﬁcant regression (P < 0.001) in the relative—growth "
rate analysis cu D-C and CP. This may be, in pa.rt;-, ue $o the smell
size range of hoth types of fish Caudal fin ray nunmber was not
1ncludex‘i in the ana.ly51s hecasp:l ray number dié. not appear to be}z
! - A

i’ixe;i at the time ‘the rish wers sampled.

v
P
v s " - <

D-C'/CP. Figure 21 shows the distribution of this character among

- -

the t.hree hybrid types. Hhen compared by 't tests there was’ n;/\
szguirlcant difference in D—C/CP among the hybrid types (P > 0. 05)
/7

. o

1

&il1-raker nwuber; This chergcter also hes similar frequency . o+ .

distributions mnong the three lots of hybrids (Fig. 22), and no
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Results for tests for statlstical sigiificante :-ong the

three types of hybrids‘are given in the text.
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s’igniiticant di fferences are  indicated vhen they are compared ‘bf '1.:'

test (P > 0.05 in both comparisons).

’

Vertebral mmber. Lomparisons of the frequency diatributio;m af

the three hybrids for thii character (Fig. 23) shows that the F.ho § .

x F.d. Q cross correaponds quite vell to th&t observed for the sus~

pected naturnl hybnd. 'I'hix is verified by a 't' test vhich indicates

w “
no signiricant dirrerence (p > 0,05). . The reciprocal cross, however,

is significantly different from the suspected natural hybrid.
Although lack of intermediacy of characters in the Fj hybrid genera-

tion ha.ve been reported (1iterature rgview Simon and Noble; 1968) the '

‘

0pposite results observed in the twb ecrosses raise questions {hat
- W 2

© cannot be answered a.t) this time.

- H o 1
-

* Hybrid indices based upon D-C/CP, gill-raker mumber, and
. ‘vex"tebrél number were ca}édlated for each individuel of both crosses
* (Fig. 24). Comparison bi 't’ test indicates that there is no signi-

figa.nt .gifference between the two crosses (x % SD = 5.2 #20.62,

~

: Fh«OxF.d.gandx‘*SD h9h+o72pd.o’xpn.g) (P > 0.05).

The freqgiiency distribution of hybrid indices for the combined labora-
tory crosses ‘shows & strong similarit& to those calculated for the

same three characters of the suspected natural hybrid). Sta.tistical

RUURI. 9% §

couparisons support the observation in that no significant -@ifference

could be demonstrated {P > 0“05)‘1
)

While gross morphometric and meristlic characters have been

‘shown to be plastic and greatly affected by environmental conditions

2
~

-

(.

4

’

/
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such as temperature and salinity, little evidence has been put forth
to show similar effects llpO;I. enzyme systemsa. The pattern of banding .
produced by- in both 1a.bora.torf crosses are indiuutinguishable' from
that i:roduceﬂ 1} the, suspected natural hybrids (Fig. 25). Thus,

the results of comparison of electrophoretic patterns of MDH (Fig. 12
and 25) pm;ride the most con’clus:lv'é evidence for natural hybri"dizggtion
hetween mummichog and banded killifish in Porters Lake, and by i:rer-

ence, in the St. Mary's River, Nova Scotia.

\ &
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Frequency distributions for yertebral puuher for auspected
hybrids and the two laboratory-produced hybrids. X = mean,
n = sample size, s = standard deviatior® Results for tests
for statistical significance among the ithree types of hybrids

are given in the text. A v,
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Frequeney distributions of individusl hybrid indices based on. D-C/CP,
gill~raker, and vertebrs number of suspected natural hfyrids and the °

two 1aboratcry~pruducéﬁ hybrids. X = mean, n = aumple“&ize, .-
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- FIGURE 25 -
h] /

~

Electrophoretic patferns of muscle maltate dehydrogenage {MDH) for
) three mummichog (8), thnee banded killifish (D), three F.h. 0 x F.d, 9

"(n), and thrfe r.a. @' x o, g (@) "C'C 4s the nybrid band. Compare
this to the C'C bang of the suspected hybrig,
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o , BEHAVIORAL ISOLATING MECHANISMS

]
L4 . .

Salinity Preference
~ 4 S

Sa.hnity is probably the most d:lstinctive environmental factor,

s

to inﬂuence the geograph:lc distributions of numichog and banded s

©

killifish. Mthough the two species are considered physiologically
euryhaline, thus being able to tolerate great changes “in sa.linity,
the distribution of the tvo species in Nova Scotia is such that, as

o

mentioned previoizsly, mupmichog are.considered mostly marine organisms,

_ vhile banded killifish are considered fresh water organisms. These °

salinity rélated distributional dii‘ferences suggest that differing

salinity preferences may.act as an effective isolating mechanism.
/ R ,

; mfz.a;sm& Methods. The experiment used in determining salinity
pre{ereneé/ in the two species was designed not only to determine vwhether
each species has a salinity pre'ference but alSo whether salinity accli-~
mation would affect the potenti;il for salinity preference. The salinity
ha'bitnntio;ls testet} were 0.0%, . 1%.0Y, , and 31.0%s - Ha:bi’cuatwn of
mmmichog was accomplished by diluting sea water id the holding tank
with fresh water at ‘a rate oft 29%,5 per day until thez desired salinity
was reasched. Banded killi’f:ish habituation was attained similarly
except that the salipity of the holding tank was increased by adding
sea w;ter to the fresh water of the holding tank so as to produce a

change in 'salinity of 29,85 per day. Fish were held €t the required

3
I
»
L )
4
- t
.
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“ ° galinity for & minimm of one wgek prior.to comme;zcement aof testin'é.
With the ‘exception of the banded killifish used in 0.09%,,8 accli;ziation

test, the same group of fish Was used in all three acelimdtion.tests. L

N ~

' Breference tests were conducted in ’a,vertical: galinity gradient
» . .
,. @nd results checked in a horizontal salinity gredient. The vertical

(sa.linity gradient apparatus used (Fig. 26) was essentially thet used - ]
"~ by Hurley end Woodall (1968). The dimensions of the apperstus were
"1.3x0,65x0.55 metres. A vertical salinity gradient was’ produced by
succegsively pumping water of six flifrerent salinities into tape}ed '
165x55x1450 mm diffusers thé upper edge of which delimited a salinity
layer and were spaced ‘200 mm apart. -Water to be used ;Ln the formation
of .a salinity grad:'lent was mixed in 6B-litre containers and aerated
vigorously until used, while wa:ter temperature was kept at 19 C, by
waintaining room temperature at 19 C throughout the experimental

period. L -

The 'bau;ie procédur% used in this éxperiment consisted of two
parts, a conbrol and an experimental test. A control test consisted -of
placing one of five groups of five figh into the gradi;nt epparatus which
contained o;lly water of the salinity in which the fish had been habitu-
ated. Fish were allowed to become accustomed to the tank for a minimum
of one hour, and positions were recorded only after the fish were obser~
ved awimming from top to bottom at least twice. The positions of t!;e
five fish were recorded at one-minute intervals for the Pirst ten minutes

then at five-minute intervals for the next 50 minutes. Preliminary

wt
a

%
-
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FIGURE 26

- 8 i

©

Verticl salinity gradient apparatus adspted from Hurley
and w«;au;,&z)gﬁ&). The dimensions are 1.3x0.65x0.55 metres.
ot ,
The 4ides are con%trueted from 3/% ineh plywood. The front

4 Fl

is 5/8 ingh plate |glass. The entire app&ratus ig supported
~
by a stedl Dexion fr = d1ffusers (A) are tapéred

165155x1140 mm, 1/1;& inch plyvooa boxes, the upper edges

4

of each are spaced| 200 mm apart and delimit a compartment (B)

» o » .
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testing sho that the results obtained from this sequence of obser—

Wi

vations did not differgfrom those wade at one-mimute intervals for ‘
60 minutes. Upon completion of the control test the fish were ret\n'ned ,
to a segregated portion of the acclimation holding tank. The gradient

», tank was then emptied,/ rinsed with sea water and a salinity gradien;:
established consisting of water layers rron’ bottom to /top of 31, 26, ™
20, 14, B, snd 0%,5. Water samples were then taken from each layer
and the ‘salinity recorded. The five fish previously tested in the '

eontrol test were then placed intc the gradient and observed in the

'S
I

same manner described for the eontrol test. Upon completion of the .
! test the gs!;.ligity in each layer was again -determined to aetemine
‘ » gradient stability and the fish returned to a segregated portion ’o,r

the scclimation tank,

o

. &
v o
An ascclimation test consisted of repeating both control and

N LY
experimental tests, for each group of 'five Tish, at a given

¢

nacclima.tion./ N

% °

%
Extraction of possible geotactic effects in a vertical gradient

wag accomplished by two procedures. One was the c;mparison of peoled
observations of the distributional patterns in both control and experi-
mental conditions and the other was a test of any ve;'tically determined !
.  preferences in a horizonts,hgradient. The groups of fish used in the
cvert_%cal gz"a.dient experiments were also 1;sed in the horizontal gradient
experiments. The apparatus used for est'ablinhing a horizontal salinity

gradient was similar to the divided chamber with a water bridge used

'
LV
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by Houston (1957). The gradient (Fig. 2'?)’ was established by £illing

one of the lu-lit}-e compartments with the apparently preferred salinity
and the other compartment with the acclimation salinity. If a i:x:efer-
ence for more than one salinity was displayed, these salinities were el
also tested in the horizonta:!. gradient. The 50 mm water bridge Join-
ing the two salinity compartments was a.iways made up of the least

dense of the two test waters. During the obgervation periods a fish

was not considered to be in a compartment unless it was below the

level of the water bridge. Once the gradient was establish;d with
well a.era;;ed vater five fish were placed irll‘to one compartment and
allowed to bfecome quiescent in the tank ?or %t»least( one hour. This
adjustment was considered complete when the fish were observed swimming

o

across the water bridge twice. Observations-of positions were made at
one-minute intervals for 60’'minutes. Four replicates were conducted
for each apparently preferred salinity for both species. Both the
positions of the salinities and the compartment in which }:he‘. fish vere
placed were shifted after each replice;te run. Prior to and immediately

after the test the salinity of each compartment was checked.

Results. The salinity in each layer of the vertical gradient or,
compartment of the horizontal system was not observed to change in
either salinity preference spparabus during the course of any test

(rig. 28).

-
o

Factorial analysis of variance Was used to detect ‘the effects

of salinity, habituation and the interaction of the two on the

[



O

” ey .

»

Horizontal‘sa.linity gradient apparatus adspted from
Houston (1957). The appa.n;:us is constructed of % inch
plywood with = front of % inch plate glass. The
. dimension of eath conpartmént is 0,3x0.3x0.11 netlks
and & 50-mm water bridge (B) is used. Water input~
\g outlet tubes (A} are constructed }ron ¥%-~inch plexiglass
; ubes 0.13 metres lon/g\ into which small holes have been
drilled. Co o

2
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FIGURE 28 -

Frequency distributions for mummichog and binded killifish in the ‘
verticdal salinity gradient apparstus under control and axpurimentgl "
conditions. Data represent pooled cbservations at each acclimation |
‘ -ulinitg} Balinity velues given alongside experimentel test
frequencies are the mean salinities of water in the smsociated
tompartment before the tests began (upper) and st the end of the

° 7
tests {lower). Shaded areas indicate experimental test, blank areas

indicate control test. .




/

ACCLIMATION SALINITY .

1 B
oa ot o tas o atetes

F. diephenvs
J -
oo Fp

o
o>

SALINITY
oo
o0

140°%0

REREARBA

000N

S|

X | '

SOHOOOCS IO
%t gode etetoleloqte

0.8.0.8. 8 0.¢ 0970 "0 0
8% % 00 tos0seratetelely *

0 50 100 150 200 250 300

.08 0.0 000
SR

-

O

SOEEBEEIEA >
-

O 50 100 150 200 250 300

L]

0 50' 100 150 200 250 300
FREQUENCY -

50 100 150 200 250 300

p 0.0
[o 0.0 0.0 0.6.0.85.0.000¢
4 .0...’:l.I.OIC'C.I.'.I.O‘

SR RX I IAIGOCIOATA AR A "
s

i\
100 150 200 250

o

0 s0

oo e 0 0 0 0 0 4

T Y " ¥ 1
0 50 100 150 200 250

Fa



-6 -

’

distribution of mmmichog and banded killifish in the vertical salinity
grad;.ent (‘I:‘a.bles 9 and 10). Neither habituation, nor interaction of
habituation and differing salinities, appear to affect the distribution
of either mlmmif;hzag or banded killifish w;:nthigz 8 vertical salinity
gradient (P > 0.05). However, the salinity gradient does appear t.of

affect the distribution of.each species (P < 0:05).

[
-

Although the distribution of mummichog in the salinity gradient

-
’

- [

seems to indicate a salinibty preference (Fig. 28), analysis of variance ‘

5

of ‘the control tests (Table 9) shows t:at depth also has & significant
. ;
effbet on distribution of this species throughout the trials. The
co.ncluaion that salinity preference determines the distributio.n pattern

in the experimental runs camnnot be accepted. A x? analysis {Fig. 29)

of the pooled results of the control experimental tests indicates that

the distributions observed in the ty%’ types of tests were significantly
dafferent (P < 0.00V). In hsing* th;. x? analysis one assumption had

to be made, that being thet the distribution represented by the pooled ‘
results of the control teosts were assumed to ingica’ce the distributional
pattern that could be sbtributed to a factor other than differing salin-

ities and therefore be the expected value of the x? statistic.

Comparison of pooled control with the pooled experimentsal data
of the mummichog salinity preference experiment indicates that this .
species shows slight preference for a salinity of 20%. (Fig. 29}.
Tests fn the horizontal gradient showed that 20%,8 was the preferred

L4

salinity: no matter the acclimation (Table 11). Analysis by x2 test




TABLE 9 C .

Factorial analysis of variance for salinity preference trials of munmichog
and banded killifisgh in relation to salinity ecelimation and salinity choice.
~  Results of five replicates with three acclimations (see text).

] J ¢

' Species: Fundulus heteroclitus (mummichog) . ¢ ®
Source ) ar Sum of Squares Mean Squared T Ratio . [Probability
Acclimation 2" 5,36 2.68 0.037 > 0.05
Salinity .5 5000.00 999.99 . 13.861 < 0,001
Acclimation x Salinity 10 1561.40 156,14 ° 2,164 > 0.05
v Error 72 5:!.91&. ko 72.1k . )
Species: Fundulus diaphanus (banded killifish) .
o~ Source ’ 4  Sum of Squares  Mean Squared  F Ratio  Probability
Acclimstion 2 1.76x10~23 8.80x10™24 - © > 0,05
~ Salinity 5 29212.00 5842.4 83.56 < 0,001
Acclimation x Salinity io0 1491.90 149,19 i 2.13 > 0.05 .
. t
wtfx .



TABLE 10

Factorisl antlysis of variance for depth preference trials of mumichog
and banded killifish in relation to salinity acclimetion and depth choice.
Results of five replicates with three amcclimations (see text).

«%

%

v — R L
Species: Fundulug hetercclitus (mummichog) .
Source ° af Sum of Squares Mean Squared F Ratio Probablility
Acclimation 2 5.21x10~24 2.6x10~24 - > 0.05
Depth : 5 8609.10 1721.80 2L .87 < 0,001
Acclimation x Depth 10 3793.30 3719.33 | -~ 5.478 < 0.05
Error . 72 4985.60 €9.24
f Species: Fundulus diaphanus (banded killifish)

Source df  Sum of Squares  Mean Squared  F Ratio  Probability
Acclimation 2 1.67x10-23 5.83x10-24 - > 0.05
Depth 10 1960.10 , 392.03 3.85 > 0.05
Acclimation x Depth 15 e532. 253.23 2.49 > 0.05

Error

T2

AR

o

7333.60/ ' .4  101.86

LY
ik
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FIGURE 29 3

Pooled frequency\dis&ributions for {A) mummichog end (B) banded killifish

in the ver{:ical selinity gredient apparatus under control’ end experimental
conditions. Sslinity values given slongaide the experimental test
frequencies are mean selinities of water in the associated compartment before
the tests began (upper) and at the end of the tests (lower). Chi square

for control = expected and experimental = observed for mummichog is 481.87 «
@ daf = 5P < 0.001 and for banded killifish is 867.72 € af = 5 P < 0.00L.
Shaded areas indicate experimental tests, blank aree indicates control tests.

»
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of the pooled and l;npooled cbservations of the replicates showed that in
o v
each instance there was a highly significant difference in the salinity
- e s 5
selected, and in all instances 20%, was the preferred salinity when

availsble, . i )

@&

Results”of the analysis of variance for the cohtrol tests of or
banded killifish (Table 10) indiestes that depth does not have a signi-
. ficant effect on the distribution of this speﬁes within the ve‘rticaﬂ.
salinity apparatus. Thus, the factor that appears to .affect the distri-
bution of banded killifish within a vertical selinity gradient is ae.li:ii .
ity. A comparison between pooled comtrol an(:)i experimental tests by x?
shows a highly significant difrerence (P < 0.001) in distribution
(Fig'. 29). The comparison also indicates that banded killifish have a
distinct preference for fresh water (Fig. 28 and “29). This prererence :

v

is corroborated by horizontal tests (Table 11).

Digeussion. ‘The results obtained in these sa.linity preference experi-
ments do not completely agree with those obtalned 'by Griffith (1972)
who also tested mummichog and banded killifish for salinity preferences,
Griffith noted tha}: banded kil'f,ifish shoved a fresh water preferehce,
while‘ mummichog showed no salinity preference. A comparison of the
experimental distribution patterns of the two species indicates that
banded killifish heve more sharply defined salinity preferences than do
mmmichog (Fig. 28 and 29 and Tables 9 and 10). The apparently less
defined salinity preference displayed by mummichog ma,y, in part, account

foxr the differences between these experiments and, those conducted by -



2

: TABLE 11 ’ . .
Ansylses of x? for horizontal sa.lin:lt;.r gradient salinity prererenéc experiments
for mummichog and banded killifish, Yates' correction (L[(o-e}-}]2/e) vas used
in a1l calculations. xrz = chi sguare for each replicate, sz = chi square for ’
pooled replicates. .

* 5

R = - " saisian SIS RS ——
Species Acclimation Replicate 81 Test No. of 2 i
Ji%o 9( es%éi’onity Individuals Xp Pr 1(; ~ Pp
munmd chog. 31,0 1 right 31 ITM
\ left 14 129 . 5.88 < 0,05
iﬁg ) 2 right 14 120 : )
left 3 180 12,00 < 0.001
3 right 31 184 : N
left 1k 116 15.51 < 0.001
M7 s opight 14 15 5
left 31 175 8-33 < 0.001 h0'33 < 0.001
pumemichog 31,0 1 right 31 117 '
- 7 left 20 183 14,52 < 0.001
~d v
2 right 20 204 o ,
left 3 96 38,88 < 0.001
- - 3. rignt R 121
| . left 20 179 11,21 < 0.001

b right 20 T 18y :
}lﬂﬁ 31 116 150151 < 0,001 D7'500 <.,‘0.001

-
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. Table 11 continued
* Species Acclimation Replicate 8ide Test  ~#No, of 2 ., p 2 P
O Salinity Individusls  *r- r Xy P
. - - DAO . _ = - =
mumichog ~ 1h ¢ 1 right 31, 5 Ch
left 20 7, 185 16.33 0,001
£ Ty,
2 right 20 18% N .
: . left 3 116 15,41 0.001- .
>
. 3 right 3L 11T .
left 20 183 k.52 < 0.001
‘ 4 right 20 187
left 3l 213 18,25 < 0,001 644 < 0.00L
. mummichog . 0.0 . 1 right 0 33
left 20 117 k7.0 < 0,001
o 2 pignt 20 ne N
left 0 .32 e 49.30 < 0.001
3 right 0 15
) left 20 135 96.0 < 0,001
4 right 20 7 b
left  * 0 33 k7.04 < 0,001 233,12 < 0.001
. munmi chog 0.0 1, right 31 86 '
) left 20 11k 3.87 < 0.05
/ 2 right 20 183 ‘
left 31 17 137.78 < 0.001
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Table 11 contipued /
\__\\/ v/?QJ/ R
Species . !“"’%Z:Ei"n Replicate £ide  Test  No. of L2 P 2 P
Salinity Individuals ° “r r . xp . .
— Tos . - S -3 i
: mumnichog 0.0 3 right 31 k9 X ‘ AR
-  left 20 151 52,02 < 0.001 -
. b right 20 125 | ) ' St
T left 31 15 12,50 < 0.001 147.92 < 0.001
- o ¢ ¢ - N ° )
banded ) 1 right 14 /. .
xillifish : left 0 112wy 36.5 < 0,001 ‘
A > ‘2 right 0 108 i ‘
T ; left 14 k2 29.04 < 0.001 ] )
. 3 - right k- ko ) '
left 0 120 | 32.66 < 0.001
b right 0 106 " .
. éﬁlﬁft i . b 25,62 <0,0001-123.0 <0,000 -
. - o 3
banded 14 1 right 1k 39 .
killirish left 0 . bhi] 34,56 - < 0.001
2 right 0 09 - .
left ik b 30.82 < 0,001 a
. 3 right Ak % 40 . .
: 16L% 6 . 10 32.66 < 0.001 . ]

—
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Table 11 continued .
~ " N . 4 -
Species Acclimation Replicate 8Side Test Xo. of 5 P 2 P
% . . . Salinity Individuals Xr r 2 S
% ‘ .
banded 1k 4 right 0 108 . .
xillifish ’ left 1b k2 29.04 < 0,000 126.96 < 0.001
bvanded g 1 rigst 0 e , ’
killifish : left T > 39, 34,56 . < 0.001 . * L,
‘ ' 2, right 3 42 . ®
\ left 0, 108 29,04 < 0.001 1
) 3 right ™ 0 126 \
left 31 - 2k - 69.36 < 0,001 T
T ‘ . r _  right 31 47 ) c . .
: . left 0 103 20.50° < 0,001 146.02 < 0,001
. & 2 - ;f: i‘ *
~ i i \ ~
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G'rirrith.. Havever,.the results of two separate experibents tend to
indicate that mummichog do show a preference for 20%.S. X. L. Tay
(1973, pers. comm.) has shown that the hatching success of mummichog
is maximum when ovs are incubated in a salinity of 20%eq, thus.indi-
c:'ting that a p;eﬂerence for 20%,S may l::ve some survival benefits

4

\for the species. g

- -

- The salinity prefverencea observed in both species can,\in
3 .
part, explain the salinity related distributional differences of
mummichog and banded kiliifish in Nova Scotia. However, perhaps

even of more significance is that salinity preference can act as an

effective isolating mechanism. .
ﬁ »

Rheotaxis o ( \
Water pcurrents are an environmental —ractor that must be
encountered and overcome by both mummichog and handfd killirish at
, some time if either speciés is to enter the habitat of the other.
An experiment was desjgned to determine the behavior of both species
in respect to water currents, and to determine whether or not the
beh;wior patterns could act as isolating mechanisms. 7

B

Materials and Methods. An apparatus was designed to produce water

v

currents of any desired flow rate (Fig. 30). The apparatus consisted

of an-oval channel 140 mm wide, 65 mm high, and 1.8 metres centre

.channel circumference, The channel was cc;nstruciged from two

o

< _




~

’ 2.3 -etm long, 32 mm o.d. rubber tubes taped together one on top

1%

oy,

ol the other. The tubes were filled with water, the ends joined
together by neans of a 30 xm plexiglass adapter, and the oval placed )
. into & 0.9x0.6x0.6 wetre aquarium provided with a 60 mm standpipe.
A smaller 65 mm high, 1.3 metre in circumference oval was placed
within the larger oval, thus producing the 140 pm width or the cur~
reant channel, Two vater input tubes, one 6n either side of the chan~
nel, were placed between the two rubber hoses of the outer oval in
si?ch a way that they not only projected into the channel, but also
were directed along the side of the outer oval. Each wabter in'purb
hose was regulated by means of a screw clamp while constant pressure
was maintained by using a submersible pump in a reservoir that was
constantly being supplied with water. Once the channel was fll}’d
a current could be produced by sdding water from one o'; the other
» water input tubes.” Current directions could be reversed by shutting
down one input tube and turning on the other input tube. Flow rates "

in the channel could be adjusted by controlling the input flow rate.

\ The flow rate of Eh!;, currents protiuced were eatimated by
\tining, with a stopwatéh, one complet:e uninterrupted circumvention
of the channel by & cork, weighted to neutral bu(?yancy. Although
the apparatus produced eddies and side currentslvhich caused the cork
to speed up or slow dowh in different portions of the channel, the

Jal time to circumvent provided a value from which the average

flow ra.te could be calculated. , i



me:-hend ‘view of rheotaxis apparatus constructed from’

L'{fn‘.ﬁo 2.3 metres io;)g, 32 mm 0.d. rubber tubes and two >
« 1.3 metres long, 32.0 mm o’lg. rubber tubes arranged in
a 0.9x0.6x0.6 ;etre aquariuon to produce a 140 mm wide
oval chanpel. Water input is from a submersible pt;mp
(A) kept if & reservoir. Current is produced and
controlied by adjusting vat;r flow from the input tubes
=7 e {B). Fish in this figure display pos;tive rheotaxis.

v

[

A
3




D




»

Once the apparatus was set up six fish were placed into the
channel and permitted to become habituated for one hour. After the
nabituation period a current was produced, its flow rate estimated,
and the responses of the fish recorded for two minutes. The flow
rate was then incrsued and responses observed. This procedure
wvas repested for 11 different flow rates. After the completion of
the 11th the current was reversed and the response to the 11 flow

- rates recorded sgain. Four replicates vere made for both species.
Three types of responses were recorded, positive (+] ome in vhi::h
he fish oriented t;huselves into the current, negative (-), one
. mj#n which the fish oriented themselves away from the direction of the
current, and no respense (0), when al;pu;ntly random svimming was

obgerved.

. - ‘

” Reaults., With the exception of slightly mixed responses displayed
at flow rates of 0.06 m/sec and 0.08 -/éeg, shog responded either
positively or not at all (Table 12)« No rheota.ct\i(: responses were
recorded st flow rates below 0.0k m/sec. Both no yesponse and
pasitivé:aponsesﬁvere observed at 0.0k m/sec indicating that this
flow rate is close to the rheotactie threshold of this species. At
flow rates greater than 0.13 n[st;c mumsichog did not appear to be )

- able to make upstream headway. However, at flow below 0.13 m/gec
these fish had little Qifficilty in making headway upst

\
\ 2
Banded killifidh respond to currents diffeféntly at differing

fl6w rates (TaPle 12). Mo rheotaxis was observed in this species at

| /

¢
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, ) TABLE 12

Rheotactic responses of k replicates of 6 tish for both
: numnichog and banded killifish. + = fish face into the
current, - fish face away from the current, o = apparent
random movement. = the initial direction of current,
. R = reversal of current direction.

Specles: Fundulus heteroclitus (mummichog)

- ) Replicates
Flow Rate 1 2 3 .
m/sec Response Response Response ‘Response
- &h I R I R I R I R
’ 0.0k o o o o o o o o
* 0.05 6 o + o+ + % o o
0.06 % + + + + + + +
.07 + + + + + ot + + 4
0.08 ¥ + + + + + + +
- 0.09 - » + + + + + + + +
0.11 + o+ + o+ B S ¥ o+
5 p.13 + + ’ + + + + + +
® '0.1% + o+ + O+ + O+ + o+ - “
0.16 + o+ +, o+ + 0+ + o+
8.23 + + + + + + + +
) " Species: Fundulus diaphanus (banded killifish) '
. Flow Rate Replicates -
m/sec 1 2 3 y ‘
’ Response Response Response Response
N I R I R ;I R I R
0.0k o o o, o ) o o _o
« 0.05 vl = - - - - = 2 = -
0106 - bad - - e - - -
~0.0T + % N - - - -
0.08 + % + s s % - - ’
0.09 + + + + +.. + +

dr
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0
Table 12 continued ’
. Replicates '
Flow Bate 1 2 3 i
mfsec Response Regponse Regponse Response N
I R I R I R I 'R R
0.1l + + + + + + + +
0.13 + + + + + + + +
0.14 + + + + + + + +
0,16 - + + * + + + + +
: 0.23 + 4+ + o+ + o+ + 0+
£3
) - . X
B ’
3 ) . -
4
- [ ®
(o »
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flow rates of 0.04 m/sec and below, while negative rheotaxis was
obgerved at flow rates between 0.04 and 0.06°'m/sec. Mixed rheotactic
responges are observed between flow rates of 0.06 and 0.08 m/sec and
positive rheotaxis was displayed at flow rates greater than 0.08 m/sec.
The mixed responses shown at, flow rates between 0.06 m/sec and

0.08 m/sec indicate that the threshold for positive and negative
responses occurs between these flow rates. 'Ba.nded killifish could
make headwsy in the current o} flow rates of 0.1h m/sec and below
vhile at rates greater than 0.14 m/sec the fish could only maintain

their position.

Discussion. The positive rheotactic responses made by mummichog
< ; £
concur with the observations of Chidester (1916), who noted that

this species migrates into the Stresms of New Jersey. The mixed '

responses noted at 0,06 and 0.08 m/sec miy be an indication that

these flow rates act as cues which cause the fish to seek sc;me body
of water either upstream or down. Similar t{ater seeking beh&v/icr

has been reported for mumm chog by Chidester (1916). Current
inltiated water secking behavior could also account for the tidelly -
induced movements of mummichog deseribed by Moore (1922) and Buttner

and Brattsom {1960). .

3
L

Livingstone {1951) reported that the banded killifish of
Nova Scotia iphabit rapidly moving stresms as well as slow moving
rivers and lskes. This ability to inhabit such diverse water systems

is reflected by banded killifish rheotactic response. The extent of

> S ~ hod @

x

-
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negstive rheotaxis cbgerved indicates theat banded killifish could be

induced to move downstream, thus providing a mechanism for apecies
dispersal and range extension. Su«:htw movements also indicate that - : 5
tanded killifish could be induced hir slow currents to move seawsrd.
Although rheotaxis experiments indicate tixat swift currents 0
cpild act as an effective isolaiing mechanism, the positive reésponse
made by mmmichog to moderate currents, rates below 0.13 m/sec,
indicate that currents would be sn ineffective isolating mechanism. :
Thus , moderate currents could attrac;t munmmichog into areas inhabited
by banded killifish, while the negaiiive rheotactic re;v.ponses of
banded killifish could provide a mechanism by which thes: fish would

be attracted to areas iphsbited by mummichog.

- w

-
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COMPARISON OF INDICES OF PHYSIOLOGIC CONDITION

w

s
Although collections of mummichog have been made in moderately
brackish water in Nova Scotis (Table 1) mummichog most commonly in-
hz;bit highly saline estuaries and salb marshes. Livingstone (1951)
noted that with the exception of one specimen he 4id no¥ “find mummi-
chog in fresh water or in the tidal reaches of rivers. Banded killi-
fish, however, have only rarely been found inhabiting brackish or
marine waters ‘in Nova Scotia. The water of mid:ile and lower Porters
Lake, as mention_g_d\&)reviously, ranges from slightly to moderately
brackish water (0.6 to 15,57405S) a condition whicI; is approxima{ely
intermediatesbetween typical ¢nvironments of mummichog and banded

-

killifish. ﬂ
. %
In order to determine the possible effects of habitation in

. 2
an environment intermediate to the no”m, comparisons were made of

such indicators of populetion condition as age structure, growth
rates, length-weight relationships, and fecundity. The comparisons
were made hetween an estuarine population of mummichog collected at
Petpeswick Inlet, Nova Scotia, a:nd the population in Porters Lake,

¢
and between & freish water population of banded killiFfen ¢ollected ,

in Kejimkujik Leke, Nova Scotia, and the population in Porters Lake.

- * -

' .o
o ‘! '
-

Age and Growth .

~

Age~classes present in the four populations were.determined

d
i

according to the graphic method, of polymodal separation of Cassie .

-

)
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(1963) {Fig. 31 to 34). Tests for statisticsl significance of aging

of all populations indicate ne significant departures between observed '
and expected normal distribution. !Thgse results were verified

tili'ough aging by counts of e.nnuaJi growth rings of otolith (Fig. 35).
Overlapsﬁthat may have occurre&” between young of the year and members

of sge-clags I were eliminated by analyzing samples from each popula—
tion collected during peak spawning periods. Thus, the youngest and
smallest fish in any c¢ollection had to be, at least, a member of

age-class I.

Development of amnuli is similar among the mmmichog popula-
tions. The first annulus is found emong fif.;h ranging in size from
35 to 50 mm total length (TL), the seéond in fish ranging in size
from 55 to T4 mm TL, the third in fish ranging in size from 66 to s
83 mm TL, the fourth in fish ranging in'size from T8 to 95 mm TL.Kﬁ;‘
The first ammulus in the banded killifish occyrs in fish ranging ) ’
between 24 to 48 mm TL, thgesegond in fish L9 to 68 mn T, the
third in fish 67 W and the fourth 75 to 110 mm TL. These

size ranges in the four populations fall within the size ranges of

, Hhe four year classes as determined by the method of Cassie g‘@g 3 .
- !
to 34). . o
.-

6rowth rate of each population was calculated by plotting

the mean size at each age, as derived from the Cassie cumulative fre—

o

quency anslysis, against age-class (Fig, 36 and 3'Q' Growth rate

estimates were then ca!.culated from semilogarithmic relationships

- A

3t
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. 14
Cimulative frequency analysis for ege-class determination froli?
length distribution of 210 mummichog collected 1a'Petpeswick:
Inlet d.uﬁins June 19TL., Temt for.significance for this analysis: '
x% = 20.5€ dr = 20, P > 0,05; circles = total cumulative

frequency diltribut/i.ons y Gromses = cumulative freguency distribution
of age=clags, numbers = sge-claspea "1,2,3.1&.
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FIGURRE 32

Cunmulatiye .rraq,uency‘ analysiy for ageeclass determination from
length distribution of 202 ummichog collected in Porters Lake
during Juge 1971. Test for significance for this analysis:

x2 = 14.91 8 df°= 21, P > 0.05; circles = total cumulative
frequency distribution, crosses = cumulative frequency
distributions of age-class) numbers = age-classes 1,2,3,k.
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Cumulative frequency analysis for age-clasg determination from

length distribution of 225 ban

—//
~  PIGURE 33 ° ‘

4 \

r

Lake in June 1971, Test for significance for thig analysis:

X2 = 3.2 0 ar = 23, P > 0.05;

circleg = total cumulative

frequency distribution, crasses = cumulative freguency

distributions of age-class, n

~

ed killifigh collected in Forters I
»

ers = age-clagges l,gés,h.




TOTAL LENGTH (mm)

100

3
i

d
i

3

| .

o1 os 80 995 999
CUMULATIVE FREQUENCY %

L -

...:) Py



N FIGURE 3%

¥

-

Cumulative frequency analysis for age-claéa determination from
length distribution of 200 banded killifish collected in
Kedimkujik Lake during June 1972, Test for significance for
this analysis! x2 = 21,6 @ af'= 22, P > 0,05; ecircles = total
cumulative freguency distribution, crosses = cumulabive
frequency distributions of age-class, numbers = age-classes 1,2,3,k.
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’ ' FIGURE 35

Otoliths showing annuel growth rings taken from mummichog
(A-D) and banded killifish (E-H) collected in Porters leke
during June( 1971. ’
+ A B5m d age-class IV E 88 mm Q age-class IV
B T3mmd age-class IIT F 7T mm Q sge-class III
. C 59 mm O amge-class II G 66 mm O age-class II
k‘»l) 46 mm d° age-class I H k6 mm G age-class I
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F™ FIGURE 36 ) i
Growth rates of mummichog collected in Porters Lake (A)
and Petpeswick Inlet {B) expressed as semilogarithmic
regresgions of mean length ab each age to respective
. age-class. Mean length at each age-is taken from age-
cla_.ss analysis.

i




100

_ MEAN TOTAL LENGTH (mm)

70

1 AlnL=365+021T7
B InL=3.56+0.23T7

@

AGE CLASS

et

[



e e e s R S
i
/ o
b < e
r\* - ) fJ

-
FIGURE 37
Growth rates of banded killifish' collected inm Porters
Lake (A) and Kejimkujik Lake (B) expressed as a semi-
-Yogarithnic regression of mean length at each sge to
. respective age~class. Mean length at each age is taken

from age-class analysis. } .
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"{Pig. 36 and 37). Growth rates of the mumichog of Porters Lake and
o

' Petpeswick Inlet respectively sre described by the equations,

0

.

- In L = 3.655 + 0.210T
and 0 .

e

10 L = 3.563 + 0.2337

where L = total length

&

T = age-class .
the reéression coefficients 0.210 and’ 0.2,33 being the instantaneous
growth rates of each population. Comparison of the two growth rates
by inspection shows that there is no difference between members of ’
the two populations. A/ alight difference appears to exist bgtween
the growth rate of members of the two banded killifish populations
(Fig. 37). The Kejimkujik Lake population grows slightly ‘faster
than the /Porters Lake population. Growth in these populations is

described by the equations,

v

1o L = 3.587 + 0.2k47

Yy

: In L = 3.231 + 0.313T

3

for the Porters Lake and Ke}imkujik Lake fishes respectively.

There is, also, & conspiciious difference between mean sizeg at each
age of these two populations. This difference indicates that those
fish in Porters Lake grow fastér than thoze.in Kejimkujik Lgke
during the firgh ‘YyeaJl, and that the difference incurred is nét

< S
= '—-‘/

- »/i} iy
J o : m
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compensated throughout the life span of the fishes of both

populat /i?g - ’ 4
t"‘r(' ' , Ty

s . ~ - e
“Length-Weight Relationships

- -

/Lengélwveight relationships for the four populations were
determinedhaccording to the methods of Ricker (1959?. Data gathered
throughout the collecting period (March to October 1971 and 1972),
were used to calculate the rela.{-.iox;ships, of ile members of the mummi-
chog populations, while data collected from Juie to September were
used to calculate the relationships for the members of the two banded
killifrish populations. This was done to reduce the influence of
seasonal variations that might have occurred within the two popula-
tions, ;1me Ke:}imkujili Lake fish were only sampled ofrmlt June to

September, 1972, .
~

* Both mpmmichog populations show isometric growth (Fig. 38)

4

described by the equations,

log W = -5.287 + 3.22 log L a CL
. and ’
i .
log W= -5.232 + 3.172 log L
where W = weight in grams

< «

L = length in mm . )
for Porters lake and Petpeswick Inlet fish respectively. The cpr-

relation coefficients (r) Tor these regressions are 0.97Th for

“ P 2 -

"

2
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Porters Lake and 0.972 for Petpeswick Inlet. Analysis of covariance

e x

between the two regressions indicates there is no significant differ-

ence (P > 0.05) between the slopes and adjusted means.

Banded killifish alsc display isometric growth (Fig. 39).

With the Porters Lake fish described by the regression equation
log W = 5.090 + 3.041 log L .
and the Kelimkujik Lake fishes described by the equation

log W = 4.830 + 2.880 log L

¥
¢

the (r) values for these regressions are 0.986 and 0.987. 3!315
of covariance between these regressions indicates that there 1s no
significant difference between both the slopes and the adjusted

ne;ms {p > 0.065). .

Fecundity

e ] )

Ovaries of fishes collected in Porters Lake and Petpeswick

Inlet were examined arte; each sampling period. Fish bearing ripe
ovaries were weighed, measured, ovaries removed, welghed and total
number of ova counted. When ripe banded killifisl:.appea.red in the
Porters Lake ssmples during 1972 a collection of banded killifish
was made at Kejimkujik Lakg. Regressions wie calculated for total
nusber of ova againat total length for each of ﬁze four populations.

t

The resultant scatter diagrams indicate that the relationships

——
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FIGURE 38 -

Length~weight regressions for 1068 mmmichog collected

in Petpeswick Inlet between lthlQ?l and September
1971 (A) and 325 mummichog collected in Porters
between May and October, 1971 and 1972 (B).
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FIGURE 39

Length-weight regressions for 423 banded killifish °

collected in Porters Lake between June and September
1971 (A) and 203 banded killifish collected in

KeJimkujik Lake between June 1972 and September 19%2 (B).
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obtained.are similar to that descritied by Bagnel (1966), that is,
F= a1®. Logarithmic transformation of these data (Fig. %0 ana k1)
were used to compare fecundity between populations of the same

species.

The regression equations -for mumichog of Porters Leke and

Petpeswick Inlet are . P

3\
log F = 2.2k + 2.499 log L
and ~
log F = -1.278 + 2.038 log L

.
L
- P

where F = total number of ova

- L = total length in mm

o

The correlation coefficients for these data are respectively 0.925

¥

and 0.867. 3

Comparison of these two re@-efsions by analysis of covariance
indicates that there is a significant difference in fécundity .
(P < 0.001). Although fecundity overlaps somewhat among the lar’gest)
individuals, thc‘se from Petpeswick Inlet are more fecund than those
of Porters Leke (Fig. ho);,,lt‘l‘he average length of spawning mummichog
in Porters Lake is 60 mrg:I;, with an average of 1§,} ova. The average
length of spawning fish :tr: ‘Petpeswick Inlet is 65 mm TL, but these

produce an average of 243 ova.
Fecundity of banded killifish is described by the equations,

log P = -0.T786k + 1.566 log L
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GURE ko |

Fecundity regressions for 100 mummichog collected in
Petpeswick Inlet (A) and 73 mummichog collected in
Porters Lake (B) between 8 June and 21 July 1971 and 1972.
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FIGURE W1 . . £
Fecundity regressiop for 100 banded killifish collected .
in Porters Lake (A} from 8 June to 21 July 1971 and
1972, and 35 banded killifish collected in KejJimkujik
Lake {B) from 8 June to 21 July 1972. '
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for the populations of Porters Lake agd Ke:);ikujik Lak'e respecgively.
%e (r) values for these regres;sious are 0.719 and 0.90%. . Analysis
of cavariance bétween fecundity regressions of the members of the
two banded killifish populations indicate a significant difference
(P < 0.001) both in slope and sdjusted mean. There is a slight

o
overlap among the largest fish of both populations yet Porters {nke

£
banded killifish are the more fecund of the two populations {Fig. bl1).
The average length ofyipawning females in Porters Lake is 73 mm TL,
these produce an average of 128 ova, while the mean spawning length

of females in Kejimkujik Lake iz 69 mm TL, with a mean production of

88 ova g g 0 i
. - J

4 ‘ ’
Discussion /

” ‘

The resulis of the comparisons of growth rate and len;tix-
weight #relationship show that no significant d:!.ff?rences exist between
the two mummichog populations. If growth, both in length and weight,
is considered an activity detez:uined in congiderable measure by the
environment (Warren and Davis, 1967) then the similar growth rates
observed may indicate that the two populations are responding t& the

two different environments in & very similar manner.

3

pr e
Differences in growth observed between the two banded




killiﬂsh populations show that the Porters Lake fish grow larger
than the Kejimkujik Lake fish. Ivliev {1961) and Warren and Devis
(1967) showed that growth in fishes increased with ing food
’ . density. Kerekes (MS, 1973) stated on the basis of oxygen deficits;
Kejimku)ik Lake can be cogsidered very oligotrophic snd low in pro-
guction. Although no indices of production were estimated for -
I’Orters uxe, it can be considered more productive than Lake Xejimkujik.
The basis ford:his congideration is a comparison of prodncuon indices
) obtainedbyceenau&l!argrave {1966) in Bras 4'Or Lake, sn environment
& similar to middle and lower Porters Lake, with the results obtained
for xe;iintusik Lake which indicate that production is generall;r higher
in brackish lskes than in oligotrophic lakes in Nova Scotia. : There-
« fore, it may be conclnded That food density is higher in Porters Lake
‘than in xeji;;ujik Lake. This suspected incresse in food density
may sccommt for the increase in growth cbserved in the Sinded

killifish of Porters Lake. -

Further ev}ideuce of Porters Lake being a more favorable ’
« enviromment for banded killifish tha:n the typical enviromment exem-
plified by KejimkuJik Lake m; be derived Irom comperison of fecundity.
As can be gseen in Figure k1 banded killifish of Porters Lake are more
fecund than those of Kejimkujik lake. Such increases in fecundity
bave been attributed to envirommental fertility and/or. food density
by Bagenal (1966), McFadden et al. [1965), snd Wydowski and Cooper

(1966). ’
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The lower fecundity observed in the mummichog of Porters Lake
population (Fig. 40) may indicate .that the food density or environ-

v s o

mental fertilﬁ;y is lower ip Forter

sbake than in the typical envir-
cument of mummichog exemplified by Ahe estusrine 1ittoral enviroment
ot I:etpesw:lck Inlet. This donglusion does not conflict with that
derived from the gx:)wth comparisons. Fecyndity among wusmichog

O ations could be acting as a density-dependent population reguls-
tor similar to that proposed b,y Bagenal (1966) for populations of
plaice, in that the total energy ‘'provided by the Porters Lake environ-

\ ‘ment may be n:imst.l:tr:l.cineni: to meintain both the normal growth,. as

3
i

observed, and a normally higher fecundity as observed in the estuarine S
N o

population. Comparison of the fecundity of the mmmichog and banded -
k.;nlli"ﬁsh of Porters Leke (Fig. ¥2), however, indicates that mummichog
still':mintain a very high degrée of reproductive potential, =
;;otenti‘il high enough to permit the aaaunptio;l that the Porters 'Iake»
env:ironment is not particularly deleterious to this species.
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FIGURE k2 N
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Fecundity regressions for both mumichog (H) and
banded killifish (D) collected in Porters Lake.
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” SEASONAL AND HABITAT ISOLATIUN

& e

w

Maturation and Breeding Period

Me v Data were gathered to determine whether there is a dif-
ference \in maturation and breeding times and the contribution that

such a differente would meke toward reproductive isolation. . The

information used in the study was derived from the samples collected
3

in the hybrid iome of Middle Porters Lake during 1971 and verified

~ &

by samples collected in 1972. Mummichog collected in Petpeswick

%

Inlet and banded killifish sampled in Kejimku)ik Lake were used
as indicators of maturation and breeding time among allopatric

¢
populations of each species. °
g .

a

-~
1]

The time 31’ maturation and breeding was determined by two
methods. First, the caleulation, for both gsexes, of mean monthly °
gonosomatic indices (gonad weight divided by total body weight) and

second, the identification of mature ovaries. Both methods were i

used on samples coFlected in Porters Lake and Petpeswick Inlet.

A However, only the seco;ad method was employed on banded killifish

sampled from KeJimku]ik Lake.

Results and conclwnons Both mmichog populations and the
Porters Lake ¥anded killifish population mature at the same rate
during the same period of time (Fig- 43 and 44). Although no data,
‘prior to May, vere available for thé fishes of Porters Leke and

% L
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FIGURE L3 " "

-

- Mean culendar monthly gonosomstic indfces of male mummichog collected
'bot;\‘;‘in Porters Lake (w--) and Petpeswick Inlet (~—) (A), and

male mumnichog (-'---) and banded kiliifish («——) both collected :Ln
Porters Lake (B). i
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FIGURE Lk S
" . Msan calendar monthly sonosomatic indices of female mummichog .

i " collected in both Porters Lake (=---) and Petpeswick Inlet

*(——} (4), and female mummichog (=*=+=} and banded
\ killifigh {——) both collected in Porters
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Kejimkujik Lake, the similarities in changes -in gonosomatic indices
of all populations throughout the overlapping collecting pe'riods
indicate that the changes observed in Petpeswick Inlet prior to May
. (rig. h3‘ and kk) also occurred in the two other populations. Thus,
it may be sssumed that mtuga.tion in both sexes commences in April .
and peaks in June. This June pesk coincides with the in¥fial occur-
rence of ripe females in all populations. In 1971, ripe females of
the two m.nnichog ﬁpulations and the Yorters Lake banded killifish
population appeared in samples collected from 8-June to 21 July.
From 6 June to 18 July, 1972, ripe females occurred in all four .
populations thereby indicating that the peak spawning period for ° ‘
’ _ both species extends from mid-June to mid-July. Also, ;uspected -
hybrids were ripe during this seame one-month period. Of note also p
ig that the mean recorded va.terl temperatures during these calendar . -
months were approximstely 20 C at all collecting sites (Fig. 3 and
( Table 4). “Me optimm temperature for maximum Katehing success for  °

+

. .
mumnichog is 20 ¢ (K.L. Tay, pers. comm.}.

/™ Selection of Spawning Habitat
¥

. g .

Differences in selection of spawning areas can act as a
. prmtiné iaolatjng mechanism, especially when the spawning periods
. of two sympatric species overlap (Hubbs, 1955 and 1961). A compari-
- «} ¥ Vm;m of the ﬂs}:ecies conposition of eatches made in the study area in

“a k’wbpch hybrids occur (Table 4) show that during the spawning period

i v
i i"’
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bénded Ki11ifish are more plentiful than mumichog in study areas
P01 and especially P02, while in study area P06 mmmichog exceed in
nu;bgr banded killifish. Such,differences in the catch make-up
indic;iﬁed that the two species have different habitat I;rererence.

This hypothesis was tested by wmeans of habitab preference experiments,

\

Materiale and Methods." Mmmichog and banded killifish used in the
expe'rinents vere collected during t?he height of the spmi;tg period.

The -fish were segregated by species and held
< .

ities and inder the conditions described previcusly.

preferences of both gpecies were evaluated for eight weeks from the

middle of July (Just prior to the end of peak spawming period) to the

beginning of September so that any changes in prsrerenee that might

-
A e

occur could probdbly be detected.

1A

Two types of prefereﬁ”cé tests were conducted in succession,
e

‘oth mummichog and banded lgi}.lifish together, snd mummichog and

banded.killifigh separately. Fiy’e reﬁlicates w\e\i} performed for the
M o P <«

‘t

s F N ¢
individual species, while four replicates were performed for the two

o
-

ey

species combined.

(=3

The apparatus used was a 1.2x0.6x0.6 metre wooden aquarium,

waterproofed by vinyl paint, partitioned down the centre by a 50 mm -

high biece of wood and provided with a 0.4 metre stand pipe (Fig. b5).
[ ] - -

7
Water was continuously supﬁliegi to the aquarium at a constent rate.
. ¢ ’ s -
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. : FIGURE’4S
Subsirate prefersnce appa.u;ul the dimensions of which are 1.2x0, 6x0.6 utru
is partitioncd down the centxn by & 50 mm high plece of wood, and provided
vith a 0.4 metre stand pipe. The spparatis vas constructed entirely from
3/4 inch plywood, w;.t-rpraofed by vinyl paint. ;I-.tnr vas co‘utmﬁcmly supplied
from a reservoil (A)’ into the selection chambers (B) by means of inlet tubes {C). .
Substrate of either type, PO6 or POZ (see text for “Eomponenti) s Was placed
into one selection chamber and the other‘type into the rcm:ining chaxber.
Initia.lly three fish were placed :mto each selectiop, chambears All obumtianu

I

were nade from a.bove at random ,interva.ls.

“
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The salinity of the water was regulated variously from h.2 to 11:;%.,5 Vel
. e # - NS

ta duplicate, as closely as possible, chanées‘\rico in the hybrid
zone in Hiydégle Porters Lake. Two substrate types were collected from
Porters Lake. The station POS type (Table 4) consisted of dense -
adhesive mud with associated vvegetutiotul {an“frea in vhich mussichog
wvas the predominant fundulid). The station P02 type (an area of the
lake in vhick banded killifish wire the predominant killifish) cdd-
gsisted of a combination of sand, clay and wood chips along with

°

associated flora (Ta!ble L),

Fish to be tested were allowed to hebituate in the aguarium
for 21& hours prior to, the begirming of obsemtions. A test con-
sisted of a total of ten observations made over a three-day period
of the locations of six fish. Intervals between observations were
determined by using random n;mbers tables. Ten random :bsemtions
ve;-e decided upon to red\;ce the influence of fright reaction displayed

by the fish after each cbservation period.

(] ”

Results and Comelusions. Contingency x? tests calculated for the
replicates orbthe three tests indicated that there were no si@i{{i:ca‘.nt
differencea among replicates (Table 13) so that pooling of the
replicate data i;: permissible. Adjusted x? tests calculated from
the pooled data (Table 13) indicate that these species neither indi-

&

vidually Anor taget<u have a substrate preference.




) ‘ i TABLE 13 3
- Centingsncy Chi-square and pocled Chi-square tests for bottdnm. hebitet
preference sxperiments for muwmichog and banded killifish both separately
&> and combined. ‘Yates' 6orruct§.gn ([(o-0)=]2/8) was applied to both tests.
xcz = contingency, X 2 m pooled, P = probl'giuty.‘ FO6 and P02 wre the
substrate types found in these study sress,

S

Species. Substrate Replicate ‘ gtli;;gt;cll Signiticence/ .
Type T 2 3 Kk 5 Totals x 2 df P & °

L s Xp
F. hetepoolitus P06 - 25 28 36 35 37 161 ~
: S a5 32 2 25 23 139 7 1477, 150,20
Total 60 60 60 60 60 300  7.695 4 > 0.05
F. diaphanus P06 32 26 26 24 32 i ’ :
P02 36 3k 3L'25 28 159 g _ T 096 1303
\ Total 60 60 60 60 60 309 265 4 > 0.50 ‘ -
F. hatercolitus - 17 20 17 18° 12 : ) -
o diaphanus” P06 17T % 15 15° 6
P, heteroclitus -, 13 10 13 12 -~ 48 R
F. diaphanus T2 13 16 15 15 59 39 3> 0.20
' Total 60 60 60 B0 250 2167 6 > 0.90 T

5

1
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T Since the experiment was conducted during parts of both the
. o . ’ : |
T spowming and post spaiming periods and the contingency x? tests indi-
. cate homogeneity among replicates, it may be concluded that neif:her B -

A}

ecies hasssubstrate preference either during or after the spu;ning

Yhe 2t

period. , Therefore, e_apparent predominance of one species or

I
. sidered to be ated by other conditions. than that of the qual%ty
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ETHOLOGIC ISQLATION . v

¥,

.. v .
Courtship and displays Inherent in the spawming bebavior of
R 4 . 3

1
a

closely related species and geners are well known as effective isola-

ting mechanisms. -However, Mayr (1963) notes that among many species
such eéholpsicw isolating iecim;im readily become dissociatpd. The
spawning behavior of mummichog hes been described in .some f;etéil by
Newman (1907) and this de3cription has been corroborated and enbel—
Jished to some extent by Chidester {1016). Spawniz:g behavior: of
baidded killifish has been described by Richardson (1939) and Foster
{1967b). Observations of spawning made during this study agree with
those reported. The descriptions aa,long wit.hs observdtions of ap‘uwning
jehaviors of the two species: ihdicatea,thz;t the spawning activi'f(ies
of chog differ only slightly from those of banded killifish,
HAli‘.l:irmgh time sand cost’'did not permit & detailed study of "Ehe court—~
sh_i_.g\’b;ehavior of the two species during this study, observations that
v"eregmde showed that mlmmichgg males tendedqto display their medial
rin:;; and ﬂ’anks more vigorously than do banded k:f.llifish males, ”yet

. $
mummichog defend their territories against other-of their aown species

. less rigorously than do banded killifis&\'k

Due to the general ‘similaridty of courtship and spewning '

2

activity noted in both species an Investigation was made to deter-

mine the role that spavming behavior plays as an isolating mechanism,

®

v

»

[



Naterials snd Methods *  f
nsh used in the investigation were colJ.ecteﬁ in the hybrid
- zone of Porters Lake during the peak spavning period?‘bhe beginning
of July). Four 4o-1itre glass aquaria were used in the study
(Fig. 46). The bottoms of two aqm were covered with substrate
gathéred from Porters Lake in order to provide & habitat somevhat
similar to the natural :x:vivro_p;cgt. All aquaria were gr;v‘ity Ted
“at a constant flow rate with fluctuating brackish water (3.2 to
11/. 3%0S). A 16-hour light, B-hour dark photoperiod was maintained:

-

0 throughout the study. ?

, ¢
-

Obgervations of spawning activity were first made between
ne;bers of the same species. 'This was followed by observing spawning
a.ctivit:les betveen nmbers of the two species. Two males of one
spe}:ies and two females of the other were placed into two aq*:)@ia.
!he reciprocal complement was placed into the remaining two ;quaria..
Obsemtions vere made during all daylight hours for 14 days and

-

%‘ all activities recorded. o -

Results ’ 3

- |
One observation wag made of ’interspecific‘ spayning between

. & male banded killirish and & feméle michog. Ovulation was

F
abserved, but the ova were eaten by the male before they eauld be
3
recovered and examined for fertilization. ' ~ ‘\
P . . . N t , 5 .
P v P A € - “
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Female mummichog were abserved extruding ova while vibrating
their bodies against the aquarjum stand pipe, sideg of the agmiw

end the vegei;ation in the aquarium. Similar observations have also
8

been ‘reporte& by Chidester (19186).

\

Both the 'observations of spawning and of self-induced ovula~

¢

" tion were made between 1000 snd 1200 Atlantic Standard Time, A
general increase in activity was observed in all aguasria by all the -
fish during this same time peri:od. D/aily spawning periodicity has
been r,ezorted for Tun;iulus olivaceus and F. notatw; (Thomerson,, . £ .

s -

1966). = ° -

¢ ]

|

Conclusions ~

3

©

Although no spawni:ng Qactivity was cbserved between, mummichog

I3

males and banded killifish females, such a mating could oceur. For
- ‘\} ' 4

Chidester {1916) end Newmanu (1907) noted male muwmichog will -

actively mate with any female that enters its territory. The activity -

of females of both species in response to males does not appear to

differ in any way. The only difference noted was the degree of

ripeness of the femgles used in the experimént, mummichog being the

12

riper and therefore possibly more receptive than banded kilufish‘

[ i



) ’ FIGURE %6 ' .

5
r———

Spewning behavior ohservation apparatus consisting of four

. A
F Lo-litre glass aquaria that were gravity fed from a reservoir . ’
;:;‘i ) and drained b} means of rubber tubing (B) comnected to )

PRt

A £
“»" gtand pipes. Four fish (two males and two females) were placed
into each aquarimm. During interspecific spawning experiments

reciprocal pairs were placed into each set of aguaria, The

upper tvo‘a.qudria had P02 type substrate;> The lower two had. -
g - In ¢
P06 type substrate. G .o
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Hybrids ' -

~
L3

Hybridization ;?‘etween mumnichog and banded killifish has been
reported as bein&; rare phenomenon (Hubbs, 19553 Griffith, 1972).
P;-ior to this é“lsm;y only one acceptable report of hybridization between .
these fishes had been made apd' that for a s.ingle individual collected
in the La¥e of Shining {Haters, Prince Edward Island (Hubbs et al.,
1943). A possible hybrid has been reported by Grifrith (1972) from
1:.he Mill River, Connecticut. However, no morphological-data have been
published to verify the identification and serclogical data that hav"e .
been reportzed are insufficient, in themselves, to pemt unqualified .
acceptance of the suspected.hybrid a.t this time. Two populations of
hybrids of mumnichog and banded killifish are reported in this study,

B

one in Porters Lake, Nova Scotia, thé other collected in the tidal

o

. reaches of the St. Mary's River, Nova Scotia. In each instance the

e £

hybridg have the anticipated phenotypic intermediacy '::3 the parental
gpecies,. Also, ﬁh;y have similar degrees of va:riability. These charac-
teristics have been attributed to most F; hybrids (Hubbs et al., 1943,
1955) Although male hybrids haveé been produced in the laboratory, no
male hybrids were cbserved in any field samples madeé during thls study
'.l'hc hybrid deseribed by Hubbs et ,az‘ {1943) was also a female. The

4

{
oceurrenge of cmlyv females may be an expression of Haldane's rule,

"when in first generation hybrids hetveen two 3pec:les, one gex is a’bsent -

R

r gm, that sex is always, the- heferogametic sex," (Haldave,
3 2V &, IR o

&

4

;
.
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1922). A review of this subject in fish and other lower vertebrates

has been conducted by .Ohno {1967), who arrived at the same general

3 o
‘ conclusion. . , .
. ) 0’ -

, The occurrence of hybrids from three and possibly four geos
graphically separated areas along with differences noted among the

populations of both species and among hybrid populations indicates

that the procedure of comparing suspected hybrids with sllopatric

populations. of, parental species could be misleading on theoretical

’

bases, since an F; hybrid reflects the characters of its parental 7

I
R

populations, And populzations are rarvely phenotypically identica.l mz ~
{
locdlized areas of a ;species range. This is particularly true anong b

pOpulatfons both of z;u;unlchog and, banded killifish (Scoti and Crossman,
1964; Tay and Ga.rside, 1972). * fhe mummichog and banded kllliflsh oo
hybridg of Poxters Lake are phenotypically irpe;;mediate to the

Port:ers Lake mmnichog and banded killifish populations. 'I'h; mmn’i-
chog gnd' banded klllii’lsh hybrads of the St. Mary's River are- inter—-
Mediate to St. Mery's River mmicheg and banded killlihsh populations.
The o:xly measured characters that are similar among a.11 hybrid popula~
ﬁioﬁs are cgudal, in rey number, and gill ;'aker! number, characters
tl:at are also constant among 11 parentel populations. Iu:ltiaul com-

. &
parison betwge;x sympatric and sllopatric populativng should indicate
the extent that these phenotypically confusing phenomena are pregent.
Bdﬁfever, }ltilization of allopatric populations could aid in_some

instances in eliminating potentié.fprqhiems created by introgression

¢
,or character displacement.

3

1,
r‘f,'R

-~



-

-species. Hy'brid indices calculated for“the Porters Lake populations

McAllister (1970) in an investigation of the plfici-fauna of

t

Sable Island, suggested that certain characters ohserved in insular
Y
michcg coulé because of their meemi y intemdinte nature,
z\/“ |4
have resulted from previous hybridizatio 4 introgressiou of' mumni-

chog and banded kiluﬁsh. However, comparisons or thezcharacters
uzed for the difrerentiatj,qn/betén each parental species and
hybrids (Fig. & to @ﬁ{dice&e that either backc:rossingl has be;n
rare or more yroba.bl;r, lacking. The apparent absence of 1ntermeﬂiatq
nales, vhich are aggressive partners in s‘pawnins in the mummichog -

and banded kinﬂ‘ish, certainly mpld greatly reduce the potentia;l.

for backcrossihg. Overlapa in numer:lcal values of mrphologlcal

,and structural characters that occur between these species and their,

hybrids appear to be the result of i.ndaividua!i variation or of environ~

b <

mentyl effeg:ts’ on the development of-these characters.” This is par-

tially verified through comparisons between diagnosi:ic characters of

lsboratory hybrids and natural hybrids (Fig. 21 to 23), since the .

¢

value of each character of the natural hybrid falls within the range
* .
of variation of the laboratory produced hybrid. Further qvidence .
- ’ . 4 e
Tor the lack of backcriossing can be’derived from hybrid indices.

*

Greenfield and Greenfield (1972), and Haggn (1967), showed that-

backerossing is indicated wher a high frequency of individual hyb

indices overlap the indices of either one or both of the-parental

\

(Fig. 13) show that there is no overlap between the hybrid and the

‘parental species, thus indicating little or no detectable backefosding.

This is partially verified by, comparison of the indices of natural
» * °




& . [ e

o » s

hybrids with the indices of laboratory produced bybrida (Fig. 28§),

;which sbovs that the rrequency\'afd range. of the hybrid indices of

boﬂb types of hybrids are very similar, L '

-
L} v v

. o .
» . When it is possible for an observer to segregate v:lsua.lly

v

- from & m‘.::ed sample of kmllifish ,specimens suspected hy'brn‘.ds which

T
- - ' consisteptly display electrophoratic patterns for MDH and LDH that

q [

‘ are identieal to. those. in artificlally produégi Py hybrids' adds
. still more evidence to support the notion tha.t ‘backerossing does not

- occur. This a.pparent ine.billty to backcross prevents introgression
1Y ]

with the, parental spebies, 'bhus ensuring the 1ntegr1'{:y of” each *

»

spec:x.és . ‘ N ‘ .

~ g B s Ed

. Causes of Bybridization ' P .

PRI . 5

Ve l Hubbs: et al. (i9u3)*' and Hub’bs (195’5) n"oted that hybf-idiz"ation

:13 condisioned by emuronmental fe.etors, the most 'common of w,hich
R il S

are: dispr0portionate numbe: of md:.nduals of two species ;p sym—-
nh N . [ P

) patry, rest‘.ricted ‘spa.wnu}gwﬁreas, disturbance or intergradation of

o . “the environment, and spem.es introduction. Evidence obtained in this
. Bhudy suggests ‘that three factors operabing with one snother gre -,
4 1 .\ «
‘ instrumenta.l ‘in the im.tiatio“ﬁ of hybrzdization between mummichog

. ,and banded kill;f‘:lsh, intergrada.tien of 4he environment dispropor-
il k]
tionate nun(bers, and restricted spavming areas. " A -

»
3

;\Ali;.hdungh, as has been previously noted, apparently non-

“ hybf-idiz‘{h‘g sympat?ic populai;?ions of mumi”chdg and banded killiﬁ:sh °

-

-

.

W
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in brackish hnbitttos hmre been raported, tha: establishment of sym-
patry In slightly but_rlnctuating brackizsh water ;ppeara to ‘be & . =7
prior condition for hybridization. Based on the matural aistribu~
tion 8f the two species (Brown, 1957), the alightly to moderately
brackish water, in which hybrids ’occur, can be considered as a form
of envirommental intergradataion, especially for banded killifish.

In salinity preterenc? exfzerinenqts neither spegy:a showed & preference

for' the salinities recorded in the areas of hybridization. Contrarily, :

~ .
each species demonstrated preferences for salinities that corresponded - -

»

to natural distributionsl patterns, that is, fresh-water for banded
e a

killifish and strongly brackish water for mimmichog. However, popu-

lations of both species have in some way overcome salinity preferences

v 3

and established thémselves in areas of environmental inte}'g;'adation.

. ’

A - “ . ~

A possible explanation for the apparent breakdowm of saliuity?/
pretei-ences may have some basis in the physiologic condition of the —-
two species. The sumeichog population of*Porters Lake doéa not

- ' N B ’

show any significent differences in growth, from a highly ‘brackish
allopatric populati’on of mummichog. Fecundity does differ between »

thege ‘yopulatiohs, and as previously mentioned, the differences n;ﬁy i

E. - -
‘be attributed to a density-dependen{ population regulator rather than

. a deleterious effect caused by the’ env:ironnenf;. - Conditioh of banded

v

kjllifish indicates that the slightly brmﬁish environment has a 1;051-
tive effect on the over-all yhysiologif econdition of the specles.
Comparisoas of thé Porters Leke banded killifish papulations with

: T o

¥,
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¢

fresh water populations showed that the Porters “Lake populatidohi Eot~

tained thé largest fish collected, both in this study end in museum

eolléctions. . :
ted

e

. Evidence :f’or the beneﬁciai q_ualities of ‘braekish water'

-

L & -
.
l

t

!

habit{;tion ol the mumichog and ba.nded k:.llirish can ‘be derived

from the physiological work of Gareide and Jordan (1968) In that

study it vas shown that the upger lethal tempera.ture of both species ’

was higher. in an isosmotic medium (1490 8} than in water of more

typics.l sa.linities. The inferenc,e vhich follows ‘s that as salinity

S

approachea 1sosmoticy, osmoregulatory stress is reduee& and the fish

’Becoxges phys;i,ologically more ca.pable of withstanding other metabolic

stresses. . Ty

a
A3

> The breakdown:of the salinity preference as gn isola.t:.ng

B
-

o
-

€

<

.

n

mechanism dées not, i’h itselr,. e.lways result in hybridz tion. Among '

those sympatric popule.ﬁlons in xﬂ}.ich hybrid:.za.tioﬁ betweep mummichel

a.nd banded kill:lfg,sh has been reportea one species 18 usually more”

' abunaant than the other.

This situatior, which couId result in t’he

inability of 'a.n mdividua.l to ehcounter a conspecifw mate, f:as beén

noted hyenubba et al. {1943), .Sibley (1961), Hubbs and Laritz {1961)

. and gthers as being quite instrmental in causing hybx;idiza.tion

between species. Hubbs et ul. {1943) attributed the observed hybridi-

zation b;tveen mummichog and banded killifish ih the La.geJoft Shinming
X P

Waters %o this ppenoin,enom

Inspection of the catch composition in
g o

'Po:rters Lake during the .spawvning season (Table 3) shows that in g1l

i

*

3
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areas in which hybrids occurred, one or the other apec:les excessively
predouinates. ‘With the exception uf the catches made at study areu

POS (Fig. 2) banded killifish was the predominant apecies. The pre-
P

dominance of banded killi.rish was also noted in the Lake of Shining
Wo,ter collection (Hubbs et al., 19"3). Although m—ichog predclimted
in study area P06, hy'bridiaation does appear to be occnrring in this

L3

ares.

¢ 2
= o

Cross-mating experiments, in which the reciprocal crosses -
produced viable hybrids, indicate that, geneticall:r hybridization
between these species is not restricted tp any pa.rticulat* set of -
parents. Bowever, in a1l instances in which hybridizatim ;1s suspected
bétween mumsichog and banded killifish, ntmnt;ichog appea.r to be the:
invading ”speciejs. Arens in which miehog :ls thef predo-inant of the ’
two specieq are close to -apparent :lnvasion mutes, sucli as tidal
reaches of rivers, a tidally eijfecf:ed outlet of a lake, and barrachois ~
cloge to the mouths of small streans Experinents on comparative rheo-
taxis suggest tha.t mumichog are attracted by currents. This behavioral
pattern could profide A nechahisn by which mummichog would be induced
to enter banded ki.}l;ﬁ.ah Imbitats. Negative rheotaxis may also account
in part 1’0; the movement of banded killifish in'bo saline water since
/ it has been show;x that banded killifish are negatively rheotactic at

current speeds of 0.04 to 0.06 m/sec. v .

The effect of disproportionate numbers as an instrument of

hybridization can be further enhanced whenyspmming areas are

’
u
e
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relatively restricted. c;:owﬁng, a possible natural result of g

&
/\ restricted spnvning areas, has been snaested as the cause for lm;tidi-
' °sa.t:lon bétween now.lly non-hybridizing ‘closely related sympatric

species kept in captivity (Hubbs, -1955; Thomerson, 1966), v

- The extent and ‘mi‘ber of possible spmuning sites are not
known in areds of Iwbridimt'iqn, ‘iimrever the littoral moﬁle of °
© Porters Lake. indicates that in tlus area or hybridixatidx spming

3

sites are quite restricted. Both -l-ichog and. hanied*kiﬁi:ttsﬁ*spun

)

insrery shallolr water (Scott,,195%; Chidester, 1916- leuhnn, 907), -

a condition infreqlxently epcountered in the zone of hybridization of

Porters Lake. Although two types of habitat could be distigguished
. 4 \ B !

and identified by a preponderance ‘of.one or the other specids of

Pundulus, benthic preference experiments indicated that nei_.thg'r ;peCies

displayed a preference for either type of bottos’both during and after
the spawning period. This lack of preference may indicate that the

babitat associated with each species may be the product of spitiﬁl

L]

distribution rather than habitat selection and that this distribution
pattern ‘may be the result of shallow depth selection, especially

during the spawning period. Indirect evidence for this is an Increase

4 . -

» in the numwber of specmens of both species in catches made in shallow.

vater of POl ahd PO2 during the spavning season (Appendix I).

i
1

Hybridization potential represented by restricted s{mvﬁing

’ x

areds is, its_el'?; increased by averiapbing spmming season. Hagen
“ g1957) showed that temporal isolition plﬁied a role iﬁ reducing "
e ‘

"
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hybridization between euryhaline morphs of the Gastercsteus aculeatus

complex. Maturation time and spavning seasons of both sympatric and

allopatric popt;lationa of ﬂlgmmichog and banded killifish are completely .

¥ overlapping (Fig. 43 and k). This phenon;non along with obsemtions
of self-induced ovulstion in aummichog made during this stuay and
noted by cnﬂdester (191q) and demondtrated longevity ofgsperm (Hubbs,
P \1957, 1960, and 1961) indica.te that even accidental Pertilization is

quite possible between these two species. B .

+
&

Further evidence of restricted spawning sites as a means of
causing hybridization 'between mumnichog and banded killiﬁsh may be
derived from interspecific spawning experiments. Foster (196Ta) noted

- that ‘among sympatric speci;es of killifish species etholugi!c isolation
was the xno.ed‘;l effective of the premati;:g isolating nechanisnft. Similar

- ]

conclusions were also arrived at in studiel, of other“anin“ala -

(Dobzhansky, 1951; Speith, 1958; Sibley, 1961; Mayr, 1963; Littlejoh;z,
. 1967: and others). Within the confines of a small aquarium, however,
& mummichog :f.%mle was observed spawning with a banded killifish male.
Although this oﬁserva.tion does not by itself prove natural interspeci-
fic spawning ?Hubbs, 1955; Thomérson, U1966), it does indicate that
under certAin conditions this type of splwning can occur. Natural

crowding,/ simulated by the aquarium, could ack as a beha.v:ioral releaser

that would permit interspeciﬁc spawning.

Although Hubbs (1555 and 1961) suggests that the occurrence’
of one of the descrided énviromental factors could result in the

4 L ]
nybridization of two fish species, the occurrence of apparently non-

%
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,J:yl;ridizing synpatx:ie populations of nuuicbog_ and banded killifish
X in Newfoundland, Magdalen Islands, Quebec, and Cape Ereton, Nova -
’ Scotia., indicc.teu thut more than one factor is involyed as causative
agents :ln bybridiution between these two species. Mdenee xnined
in this‘study nuggeats tha.t, at least two factors are always 1nvolved
in mmmichog #nd banded kill:lﬁ.sh hybridization, envirqulentl.l inter-
gradation and dispmport:gana.te nusbers. In Porters Lake, however, L
restricted ag_iwni}ng sites also appear to be inatrme%t;l in hybridi-

IS
e

zation.. The occurrence of three factors in Porters Lake may account
. .

_ for the large nm‘ber of hybrids collected (14h4) during the first year
of the study. Since the mumber of hybrids declined so drasticully ’
to three dur:ing the second year of the study, hybridizn.tion pro'ba'bly
does not occur regularly, Collecting intensities did not @iffer
greatiy_ between the two years nor did it appear that spawning areas
had ‘been affected by seining operations. Discontinuities in the
frequency of’ hybridization coz.lld pf_Sji‘bly[ a.ccéunt for the a.ppu)ent
rarity of t,h% ceross., If conditions necessary for hybridization oceur
i#rrequgnﬂ} then the results of chiance hybridization wduld be lost
due’ to natural mortality within four years. Ag; determination of the
. two parental species indicetes that hybrids should have a four-year
life span. wAlso,- unless present in guantity, hybrids coulIl be s

‘possibly overlooked in a mixed collection.
&
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Evolution of Isolating Mechenisms -

a
-

To date, three hypotheses on the evolution of isolating mech- -
anisn:s betveen‘tvo species have been proposed. According to one, ,
natural selection is responsible for the establishment and re~enforce-
ment of isolating barriers (I;obzhansky, 1951). This hypothesis argues °
that when species are in sympetry, individuals with poorly developed
isolating mechanisms will b&bridize and produce offspring of reduced
ti?ness. These offspring will be diminisiled\@y °natura.§. selection, . o
thus resulting in the loss or reduction of the genotypes of hybridi- .
zing Individuals. Evidem:e~ in support :)f this wag shown by bobzhansky. >
{Q951) in work done on DraaaphiZcf, by Mechan (1961) in stud;.es of
anuran smphibiarne, and by Hubbs and Delco {1960) for cyprinodontoid .
tish Gambusia spp. The main flaw in this hypothesis is introgressive

hybridizatiop. As Msyr (1963) suggesta, backerossing should result

in‘a weskening of' isolating mechenisms due to the diluting effect of

' hybridization. s

<}

_.An alternative proposed by Muller (1940) suggests that:isola-
ting mechanisms avise as’ an incidental byproduct of genetic divergence,
l;:vidence in supp?rt of this is that isolatinga z{nechanisms that have an .
ecdlogic bagis are overcome only when the two hy{)ridizing species h;w(le
a:ln!ilar niches’ and come into contact afterﬁthe breakdown of geographi-
ical barriers, a-phenomenon inferred to occur among fishes by Hubbs .
(1955, 1961). Further support for this is given by the necessity for

genetid reconstitution of the polygenic characters that nu’.:a’t be involved
‘r
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in the evolution of an isolating mechanism (Littlejohn, 1961).
z : R

[y

, Differences between the two hypotheses h-.ve been overcome

Y

somewhat by\'lbn‘ (1963) who luggeuted that lu.rge rcltegory ":taolut‘.lon
mechanisms" uhdivided into primary and secondary -cchmim. The

.inltial evoluti step is the acquigition or at least one primary’

r
bl

iaolntinq mechani through geographic 1solation. This mechanism
uaually, but not necessa.rily, is a form of croau-aterility or a post-

uting hechanis-. The gecand step is selection for add:ltiona.l isola~
! T
ting nech\misns, ﬁsudly premating mechanisms, which as mentioned

»

- ﬁ’

previo?]#, prevents the vastage of gametes.

%,

|

v

The hypothesis proposed by Mayr (1963) appears to be applic-
able ir‘x“exphining the current state of the ;svolution of isclating
lec,hnnim between .m:lchog and banded killiﬁ.sh. ‘i‘;lese two species
+ are eousidered to be quite taxonomically distinct being placed 1:11:0
separate auﬁgener&, nuuichog in the subgenus Rimdulus (Brown, 1957;
Griftith, 197af and’ wp:ea killifish in the subgenus Fontinus (Brown,

. 195?) or \Pum%em (Grifribh. 1972) According to Griffith (1972)

the two species bmre been gphylfogenetically separated for a long period.

Distributional put%;erns or sympatric popukations observed during this

¢ v study indicate that the two species are ecologically quite similar.

Comparative ?ulya:ls of diet of sympatric populations of mummichog
and banded Xillifish partially subsyntiate the ides of ecologic .
similarity, aince both spec;es feed on the same food items and at .

i similar sites in the water column. '.t’hus vhen the galinity preference

v
'
1
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o
™
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barriers which in themselves could be en effective .primary isolabing
nwism are overcome, two ecologically similar y‘et ;)hylogenetically
well separated apecie; come into contact. The hy‘nridiza.tion that
. does cccur resulis in the production of sterile FB; hybrids vhich

could indicate the occurrence of a second primary isolating mechanism,

The natural distribution of ;)otﬁ species indicates thlit sym- ‘
patry between mumichog and banded l):illifish occurs in relatively.
few isola.teg areas. From indirect ev:f:d;er'xcg gained in this study it
Qi’pearé that 1;1 most ingtancea sympatry between these species is a
recent\ ocoubrence, ’It is, therefore, possible that ”1nsuffici:ent time
hag passed for reinforcement of existing but i;borly aeveléped secon-

dary isolating mechanisms such as those ;cologic and ethologic ° -

~ mechanigmg described for other sympatric speaies of RPundulue

1
i ¥

(Foster, 196Ta). S f.

.
Although Griffith (1968, 1972) reportet;. hybrids of mummichog -
and banded killifish from Comnecticut, hybridization 'b;twéen these
fighes appears, from this study and that conducted by Hubbe et al.
(29%3), to be more common:in the Maritime provinces of Ca.nada than
in other.areas of proximal allopatf?’ A possi‘nle explanation for
this may be lack of reinforcdemgﬁ_or premating isolating mechanisms,
Both species are ;:otentially sympatric with st }l.east one o;;hez- eyprino-
dontid gpecies throughout their respel:tive overlapping ranges, with
the single Exdeption of Atlantic Capada. In aress beyo“né Atlantic
Canada the other cyprinodontid species _eouldfotentially a.’tld in

@ - .



reinforcing premating isolating mechanisms. Such reinforcement has

been postulated to occur among other sympatric killifisb species

a

T

{Foster, 196T}. In Atlantic Canada no such reinforcement ‘is possible

“until the two species under consideration come into sympatry. This

combined with reduced genetic variability common 1;3": peripheral popu-
. Ly &
lations {Mayr, 1963; Dobzhensky, 1951) make Atl\n[tie Canada an ares

well suited for hybridization between the two species of Fundulue.
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Mmmichog and banded killifish a;>pear %o hybridize rarely
andvthen only in specifie localized areas.
All hybrids produced appear to bhe F; hybrids and there is
no indication of further stagea of hybridization or of
backerogsing or that introgression occurs.
Hybridization tekes place in slightly bul variably ,b?x;'gg&ish
water in which banded killifish are indigenous and in which’ ’
‘nu-ichog have invaded more recently. .
In Porters Lske three enviroomental factors appear to be
instrumental in ce‘msgng or allowing hy't;ridization between
Mi-lfo; and bended killifish:
a. Euvironmental intergradstion may produce conditions
,'in wllgich salinity preferences-that normally separate %
thf_v speciés are overcome,
b, Disproportionate mm];ers have possibly brought about
: conditions in which individuals of either of the
species do not find a conspecific mate at a cri@
moment ef ’the spawning period.
¢. TRestricted spawning sites have possibly caused
erowding of the two species which in turn could have
led to the avercoming of ethologic mecbunisms. i
Mspmgpgrtioute nusbers and restricted spawning siteg are

further enhanced as factors contributing to hybridization

[

¢ '



. by complete overlap in maturatiof time and an appareqt lack_

- h “ + » ©

: of hubitut preference. ., .

v ©
o

, 6.- . Interspeciric spawning, as vell a8 accidental: tertilization,

o, L

. could result in hybrids - - p N
. X
- . T. ’ Hybridization is noted only in the northea.stern 1imit of .

A% 2 [y ;

v 7 ¢ g‘l:m.- ra.nges of both species. However, both species are - o,

.

= "

. ) lmown to occur sympatrically throughout th_e'ir common

. « - -

: - Atlantic coast range. vt L -

[ . ) 5 " - ©

8. Maritime hybr‘idization my be' the result of recent localized °

- + ~

- o occux'rences ur sympatryef The t:lme of sympatry hay not have

-

E

N @

? ‘been “éurficient 6 reix?;force possible primary isolating

.
M . =3

mechanisms. However, effective postmating mechanisms
‘appear to be gufficient t¢ maintain species integrity. -
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APPENDIX T° - /
. e \ Y

Catch compogition and water characteristies for each

collecting day at 'each study aref in Porters Lake

3

during 1971 I N
.« } : .o LT
Date Study  Number Number Water  Salinity Turbidity
Ares F.d. F,.h, Temp . - -
0¥y PO n 22 130 0.k 0 -
10 May PO2 " 60" 50 i2.0 0.4 30
- 8 Jume  POL 1 10 16.0 <} 13 4o
8 Juie P02 - 61 10 - 1600 1 0.8 20
21 June POL 104 49 20.0 2.1 10
21 June  PO2 160 2 205 0.9 10
29 June PO1 139 65 20.0° 5.0 10
29 June P02 101 17 21.0 3.5 15
6 July  PO3 60 - 6 19.0 0.0 20 .
12 July POL 18 Ly 2,0 16.5 20 _
12 July  Po2 g = 2y ' 27.0 13.0 20
12 Juy 201 S 59 18 - 2h,5  12.0 15
12 July POS 85 0 26.0 k.5 15
2 guy - Pk 32 10 29.0 13.6 10
.21 July 1203 50 18 26.0, 14.5 15 !
21 July POL . 17 5 23 27.0 13,0 20
21 July P02 82 . 18 29.0 13.k 20
27 July P01 a7 30 20.5  11.6 15
27 July 2 38 20 21.5 — —3%F—— - 15
10 August tzl b6 10 28.0 13.6 ' 20
10 August P02 53 10 28.0 13.9 20
10 Avgust. PO3 62 3 26.0 16.5 20
30 August POl 21 19 21.0 8.1 20
30 August P02 33 22 21.0- 8.6 18
15 Sept. POl 2l 28 19.0 8.2 23
b Qet.  rPO1 35 39 12.5 12.k 22
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- . - APPENDIX 1T N (5\ 4 \* \: . >
® Characteristice of relative growth regrass&ans ef mrphmti‘ic ﬁata. useci&%a* ) ) h
R distinguish among three typed of killiﬁsh callacted‘ or memtaﬁ in ﬁon ~ ;
~ . Scotis. (n = sample size, 5 = sta;ié_wd &evf&ﬁmi? = Li\f\;:\f: — e e o
) P - - A - \;\\j\\ \T\T\ \\\‘\f =
Locale Species Character—. n B Mesnn X‘; i&ég: ’f —51013@ t B \\Intercgpt t 5 :t::g'
P, L.  Hybrid D-C 110 ¥7.0 20,00 2.038 m;os\ ; gés&& 1005
- P, L. F. diaphanus D-¢ 101 51.5 . 22.8  0.961 %0.028 0,525 £0.05 ~—
P, L. F. heteroclitus  D-C 01 b6 7.7 ;.023 10,026 \° 0,358 f0.04— .-
P. L. Hybrid P 20 MR- es 54 . LZ0LBO.OWS 0,055 so.as
P. L. F. diaphanwb DCF 101 SLS T~ 5.1 1.0T7.#0.038  0:0737#0.07—-.
‘ P. L.  F. leteroolitus DCP  — 101 26.17 6.0 -\s;‘gssz&,ﬁo 0,208 20,08
. Museum  F. diaphanus D-C 386 TLB.3 216 oesm o.h151 m.ez o
Museum  F, heteroaliius  DaC Tes . M3~ 15T L 9h2 s0.019 0471 20.03 - .
Museum  F. diaphanus P 386 W3 - W8 L Os6 20,014 0,082 10.02 -
Misews  F. heteraolitus DCP | 95 BLI——5.hc " 0.9k 10.»32& 30,167 £0.05
8.M.R,  Hybrid - D-C 19 - 334 13,6 0.925 me& o8 o
8.M.R.  F. diaphanus , D-e 24 31;.1;_ Ak 0.971 m.ou\ " 0,598 20,0k,
8,M.B, F. heteroglitus  D-C - 3.3 - I2a 9‘895 20,055 9.562 0. n‘*f =
8.M.R.  Hybrid DCP 19 -33.4 ~3.5_ 3,033 :a&k& 0,093 40:07 _
8.M.R.  F; diaphanus Dep 24 3k 3.2 1.113 May ‘m £0.06 ==
" © BM.B.  F hetercolitus  DCP 14 813 . 49 1185 mTﬂe L0068 40,10
‘ T CoL TR
£ N A - z:\‘ T
o . - o= )

-



file:///oa6T
http://40.li

' ) APPENDIX IIX

6bsmaﬁom made® of munmichog and basnded killifish in each
Vi, /, replicate in the vertical salinity gradient apparatus under
' contol and experimental conditions for each acclimation.
{C = control; E = experimental)

“

) .

/ﬂsl;éeiés Acclimation Compartment  ° Replicate
Salinity — Salinity o1y fg 3% ¢4 OSE

Rey

-\ F.h. 0.0 0.0 /06 ko kg Y010 00

. Bo “ 05 02 T8 02 00

. ) o [ -119 T2 67T own 27
( 20.9 1732 9k 632 1233 233

: 26.0 2317 2132 2017 2215 3527

) 31.0 5920 5912 A7 27 6629 ko 3k

¥.h, 1.0 . 0.0 2k 15 8 3 k9 2 0 2 818

) 8.0 218 126 2222 525 230

‘ ‘ k.0 9 3 913 T 2v11 1k 8

f oo 20.0 |, 1622 ‘1026 927 123 122
T 26.0 iv 11 3312 T13 3% 19 2010

. . 3.0 3021 2621 622 2512 ki13

g "F.h 31.0 0.0 20 3 T-0 6 6 5 217 2
i 8.0 12k 15 0 1016 ¥ 7 g91l2

k.0 1618 1312 131k 1910 15 &

, -~ 20,0 - 1437 1137 1525 2623 1626

1 ., ) ( T 26.0 1615 272 17T 1 2325 2212
v 31.0 23 3 2730 39 3 2230 21k

P.h. 0.0 0.0 3133 k56T 2548 -6345 3037

" 8.0 5523 131k 122 535 2224

‘ k.0 716 13 3- 9 7 Wik 1327

20.0 316 107 T717 35 95

. 2.0 19 TS5 1312 51 T 1

20> 33 12k W5 B 200 19 6
- »>




Appendix III continued ) . : )

épecies Acclimation Compartment Replicate
Salinity Salinity CIE CZE caz GI’E GSE

F.d. 14.0 0.0 1563 1778 29k2 2250 27173
' 8.0 518 23 6 2k 6 1215 2110
14.0 ‘511 10 3 1315 1419 25 9
20.0 17T 3 19 5 1316 9 9 11 &
) 26.0 20 1 16 2 612 12. 4 9 2
p 31.0 ,,38 4% 16 6 15 9,30 3 T 2
F.d. 31.0 0.0 2242 3879 9L 960 1180 )
8.0 T11 19 7 54 2321 9 9
14,0 1211 X% 7 15 § 3010 15 2
20,0 ° 1922 10 1 2410 1k 5 28 2
26.0 16 3 9 3 3611 15 2 24 1
3.0 - 2h 11 10 3 11 23 T 2 13 3




APPENDIX IV

Characteristics of length-weight and fecundity regress:iong used in comparing
mummichog and banded killifish collZc:'bed in Porters lLake with those cgllected
in more typical environments, {n°= sample size; s = standard deviation;

P.L. = Porters Lake; P.I. = Petpeswick Inlet; KeJ = Kejimkujik Lake)

.

Locale Species. Character ' n Mean X - Mean Y Slope £ 5 - Intercept & s
P.I. R hetero;litus Lt-Wt 1068 k9.3 1.37 3.171 +0.023  58x10-5 20.039
P.L. F. hetevoclitus Lt-Wt 206 h9¢8\ 1.53 3.222 #0.0bk  S2x10-5 zor.o*rh
KeJ P. diaphanus Lt-Wt 204 58.1 1.78 2,880 #0.033  15x10™% 20.059 ..
P.L. F. diaphanus Lit=Wt k25 58.1 1.88 3.0b1 £0.025  81x10-5 20.0kY
P.I.  F. hetergelitus Fecundity 100 6k, T 243 2.02h +0.119  .0.053 #0Q.217
P.L. F. hetercclitus TFecundity 75 60.4 161 2.499 0,218 0.006 +0,389
Ke} F, diaphanus Fecundity 35: 69.2 88 2.203 20,096 0.008 $0.176 .
P.L.  F. diaphanus Fecundity 100 70.7 3.29\ 1.566 £0.153  0.16h  20.283
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