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ABSTRACT

An eeological relationship hetween the froshwater mussel Anodante implicat:
alewife Pomololins psendoharenzus (Wilson ) is deseribed. Fvid

Sy and U
ence B8 presented that the

parasitic lanvue { glochidia) of A, fmplicata cannct, in the process of attachment. “diserimi-
nate” between the tissues of P. psendoharengus and those of other Fishes that Y Bl

with the alewives during the run but have
reached that if, as most evidence appears to

a much wider distribution. The conclusion is
indicate, the relationship hetween the two ani-

mals is nevertheless o species-specific one, the parasitic stage of AL implicaty cannot com-
plete its development on the tissues of other fishes to which it cun be cmmed to attach ex-
perimentaly and, Further, that this stage can be of no greater duration than the time spent

in freshwater by an individual alewife,

INTRODUCTION

Baer (1932, p. 22}, in discussing the
parasitic lorval stages of freshwater muns-
sels, savs that . . . experimentally slochidia
may be made to attach themselves to many
kinds of fishes and even to tadpoles and
axolotls, yet it appears that complete Turval
development can be obtained only when
glochidia- affic themselves to  particudar
species of fish which seem to be fairly
specific for o given mussel” However, a
strict species-speciticity in which the para-
site is Timitedt to one host ealy, appears to
be the exception rather than the rule among

P The anthors present this work in the hope that
it will brine to the attention of limnalowists & com-
plicated and fascinating problem of more than
local interest and in the beliof that, althaueh only
i soull contribution. it serves well to honar 2 man
who hay given much of his life with love to the
autural history of the Cuape Cod area.

Weabso wish to express our appreciation to Dr
Giles Mead, Mro Jack Musick, Mo Richurd Tohne-
son, and thelr assockites of the Muscum of Com-
parative Zoolocv, Harvaed Uriversitv, for their
help in the eollection and identification of animuls,

*Supported by Office of Naval Resewrch Con-
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such glochidial-fish relutionships.  Surber
(1912) lists the sheepshead. Aplodonotns
grannicns, as being the sole host of the
paper shell Lampsilis luceissima and of the
deer toe L. donaciformis; the shovelnose
sturgeon, Scaphirfynelius platorhypelins o
the host of the slongh sand shell [
fullaciosa; and the skipjack of the Missis.
sippi drainuge, Pomolobus chrysochioris. s
the host of Fusenaia ebena. The spocificit
of the Tast relationship is of particular in-
terest to us, in view of the clase svstomatic
position of P. chrysoclloris, the shipiack and
P. pseudolurengus, the alowife, Cpe miahi
well aske iF there is somethine ahont the
genus Fomololius that is conducive o th
formation of species-specific relutionships
with certain glochidia.

Johnson (1946) published a shore paper
clarifving the  tavonomic status of the
mussel Anodonta implicuta Sav and estulr-
Hshing tvpes for the species. He =i
{(p. 115} "So far as is known it ranges fron:
New Brunswick and Nova Scotia soutli t
Virciniu, being restricted to pouds A
streams near the coust that are ff:’..’ff’l,lt,'llt‘t'ff
bo the alewite oL T and op, 12 70 e




gohidia of A. implicata have been found by

the author on the gills of the host as well as

the fins.” He Hsts many records for this mus-
sel and presents a map of its distribution that
is surely indicative of a distribution paraliel-
ing that of an anadromous fish. There is
excellent evidence that the mussel has dis-
appeared from fakes in which it was once
common before the runs of anadremous
fishes were out off by pollution or dams,
such as Fresh Pond, Cambridge, Massachu-
setts { R. Johnson and W. J. Clench, personal
communications), To date, there ave no
records of the glochidia of A, implicate ap-
nearing on the appendages of fishes othor
thun the alewife.

Whenever a case of strict species-speci-
ficity of this type appears to be at hand,
one suspects that there may be some In-
formation  exchange between the two
species and that the parasite may be com-
petent to show some “discrimination” in
‘host selection. Tt has heen established for

~some time that glochidia do not appear
to be able to give a directional response to
their host. Thev do not actively “search
for and find” their hosts, yet it cannot be
“assumed that they may not give a “sclec-
itive” contact-chemical response when en-
_countering host tissues.
 The questions arcse as ta a) whether the
presence of the alewife is necessary for the
release of the glochidia of A implicata, and
b} whether the cochidium of A. impiicata.
recorded only from the alewife, “recognizes”
its host and attaches to it by preference
when experimentally given an opportunity
" to select a host from among other species of
« fishes in the same environment.

,"f/

ALATERIAL AND METIIODS

- Live alewives were collected periodically
- (7 May 1965 and thereafter) at the narrows

between the two Mystic Lakes, Middlesex
¢+ County, Massachusetts. These were main-

tained successfully for a number of days
_before sacrifice for experiment in large
. ‘sha]low aquaria provided with tap water.
A implicata were collected during  the
.spring months (March to Mav) from the

Agawam River. approvimately 2 miles (3.2

l'fll'j RELATIONSLLP BETWEEN ANOQDOXYTA AND POMOLOBUS ESELDUHARENGUS

"km) south of Half-Way Pond, Plymouth

County. These animals were found in large
numbers {50-100 in an area 4.3 m square)
in the sandy bottom of the river over which
lurge numbers of alewives migrate annu-
ally, On being transported back to the
laboratory, they were maintained success-
fully for several weeks in water-tables sup-
plied with tap water. Many individuals
had their marsupia so heavily loaded with
ripe glochidia in the early spring months
that a single individual could provide
enough larvae for many experiments; this
species of mussel has proved to be an ideal
donor of experimental glochidial material.
Tn addition. the first of the questions posed
ahove was answered swhen it was found
possible to induce release of countless
slochidia merely by allowing the animals
to reach room temperature; the majority of
mussels so treated released clouds of
glochidia into their aguaria within 48 hr
after the temperature had reached 20C.
Furthermore, glochidia could be obtained
at will from gravid mussels by killing the
mussels and excising the marsupia; under
these conditions the glochidia behaved in a
completely normal way and exhibited im-
mediate “winking” activity upon being
released in water.

RT3

The three nonhost fish species used in

the experiments to be described were ob-
tained directly from an alewife ladder in
the Agawam River; along with alewives in
the Iadder, they had passed divectly over
large beds of A. implicete in their move-
ments to the ladder from downsiream.
Vovements of suckers, sunfish, and other
fish, along with the alewife runs are de-
seribed by Hay (1963); they appear to be
an inteeral though limited part of the total
meving population, preving upon the eggs
laid by the alewives. N,

A test apparatus cansisted of a plastic™

disk, with plastic fins on its lower surfuce
which served to keep water moving, When
the disk was slowly rotated on an electric
stirrer, in a plane parallel to the bottom
of a circular glass agqunarivm, continuous
currents were produced. The disk had four
equidistant holes drilled at 607 andles to
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each other on the margin. To these holes
one could attach four small fishhooks on
fine nvlon leader material. The test tissues
to be presented to glochidia, could be at
tached to the hooks and the disk low-
ered to a point where all preparations could
be dragged over the bottom at approxi-
mately the same level, giving glochidia that
had settled on the hottom or were moving
in the currents of the aquarium a relatively
equal opportunity to attach themselves to
preparations placed on the test apparatus.
In a standard test, an opposite pair of hooks
(controls) held an alewife pectoral fin and
a pelvic fin, while the other pair of hooks
at 90° from the former held pectoral and
pelvie fins of species to be tested.
When a fest was to be conducted. the
marsupin of a gravid A. implicata were
excised and a larger number of glochidia
{many hundreds) teased out into water in
a finger bowl. These were checked for
activity and if normal were set aside for
use when the fish preparations had heen
made. Next, a live alewife was removed
from the aquarium, killed, and the pelvic
and pectoral fins were excised and im-
mediately hung on two oppesite hooks.
Nonhost fins were similarly freshly pre-
pared from newly killed animals, attached
to the remaining two opposing hooks, and
the whole apparatus was then lowered
Into the test aguarium so that much of the
surface of each fin lav gently on the
bottom. The stirrer was then started and
the fresh, active glochidia poured into the
svstem when it had reached constant veloe-
itv. Such a test was allowed to continue
overnight {12-15 hr). At the end of a test,
all. fins were removed, each one was
vigorously shaken in clean water so as to
remove any glochidia that were lightly ad-
hering to surfaces. and checked for firmly
attached, closed, glochidia. '

EXPERIMENTS AND RESULTS
Experiment Number 1. Two  alewives
caught at the beginning of the Falmouth
run in the early spring were frozen over.
night in a freezing compurtment. On the
next day, fins of these fish were excised,
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thawed, and suspended in an aerated an

stirred aguarinum into which several Bhisy

dred active glochidia had been introdig..
At the end of 12-15 hr, ro attachme:
whatever had oceurred.

Experiment Number 2. A live alewit.
maintained in the laboratory was killed, 4.
pectoral and pelvie fins were immedigt.!
excised and suspended with aetive ol
chidia in the test apparatus descrily-
above. At the end of 12-15 hr, lavee nom
bers of glochidia had become firmle e
tuched to the edges of the fins and the cof
tissues between the ravs.

Experiment Number 3. Three consecuti.
tests were run with opposed freshly evefu .
pectoral and pelvic fins: P. pseudoharcno,
vs. the white sucker, Cafostomus com.
mersonii; P pseudoharengus vs. the pump
kinsced sunfish, Lepomis gibbosus: and
P. pseudoharengus vs, the white perct.
Morone americana. In none of these tests
in which the fins of three species cecurrins
directly in the alewife run were presented
did the glochidia give evidence of anv
discriminatory  activity, They attached
themselves in large numbers by clasing
firmlv on the margins and soft tissues i
between the ravs of the fins of all four
species.

Our technigne did not lend itself o .
precise comparison of numbers, because
size differences in the fins affected cnrronn
and the consequent concentrations of “set-
tled out” glochidia; the chances of attach-
ment were not precisely egual. Subjec
tively, attachment seemed slightly more «f-
fective on alewife fins, but to be sure o
this many such experiments would have o
be conducted with careful counts of at-
tuched glochidia per unit aren heing mad
under precisely similar opportonity of ar
tachment,

DISCUSSION

The first of the questions posed above
was answered by the laboratorv observi-
tions on the effects of temperature increwss
in triggering the release of glochidia. Tt i
clear that the presence of the alewife is et
necessary for glochidial release to ocour
Whether some siam from the alewife schonh
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(Glitates glochidial release remains to be
pvestigated. Similarly, the relationship of
remperature and time in triggering the re-
e of glochidin should be determined
under natural conditions.

The experiments gave evidence that al-
though glochidia may require that certain
- chemical or physical characteristics  be
“maintzined in a tissue for attachment to
occur, they do not, under the experimental
- conditions emploved here, appear to show

any significant  discrimination in - host
attachmnent.

It is clear that for a thorough clarification
"of the relationship of P. pseudoharcngus
and A implicata, detailed field und lubora-
“tory studies will be required. Possibly the
relationship is not a specific one and the
mussel may carry out its development on
other anadromous fishes with a range
“similar to that of the alewife, such as the
white perch. One would like to know
. ‘whether, under experimental conditicns,
" the mussel could be made to pass through
the parasitic part of its tife cycle on species
closely related to the alewife, such as the
ghut herring, P. apstivalis (which occurs in
the lower part of the same drainages) or
the shad, Alusa supidissima. Failure to show
' “attachment specificity is, of course, no
- “evidence that the glochidia can complete
“-their development on other species; as in
" imany other Unionidue, these glochidia may
“be prevented from so developing as a
“result of failure to effect implantation or
“eyst formation because of some physio-
“Jogical characteristic or immunoclogical
mechanism. .
- However, if it is assumed, as most of the
evidence indicates, that the alewife is the
“*specific host of A, implicata, one can make
“some generalizations about the distribution
+of the latter based on knowledge of the
- habits of both species. Our own field ob-
z<ervations support those of Johnson (1946)
wwin that we have found A. implicata to be far
smore successful in streams than in ponds.
The estremely high concentrations in the
sandy bed of the Agawam River directly
under the course of the alewives is men-
“tioned above, The mussels are common

ANUDOND

s ML f‘.;;l’ .’*U:‘f;li(‘_.'\.[l’. V . j.\n_
encugh in absolute numbers in ponds where
alewives spawn, but they are far less con-
centrated than in the outlets; a transect
along the upper end of Great Herring Pond
at the head of the Bournedale run produced
a mussel about every 33 m. In our experi-
ence, the animals present in streams
(Agawam River, Bourne Run, and so on)
are larger and handsomer than pond speci-
mens; elearly the former are in the optimal
environment. Aside from any physiclogical
adaptation to development on alewives
alone, the ecological factors that produce
such a distribution are fairly clear. It is
known that the alewife run is triggered by a
rise in temperature ( Mussachusetts Divi-
sion of Marine Fisheries 1965), and ap-
purently the release of glochidia by the
mussel is also so triggered. Fven in the face
of the possibility of the completion of
development on other species, the vast pre-
ponderance in numbers of alewives during
the spring and summer months over other
species makes  them the most effective
dispersal agent, and a temperature-timed
mechanism that would cause the release of
glochidia in the midst of an alewife run
would produce an infection that would in-
sure distribution of the mussel over the
extent of that run. If the laboratory ob-
servations of glochidial release are any in-
dication of what happens in nature, the -
mathematical probabilities of any apprecia-
ble proportion of alewives in a horde mov-
ing over a mussel bed avoiding infection by
glochidia from the “shotgun blasts” emit-
ting from the excurrent siphous would be
low indeed, particularly in the narrow
waters of a stream bed.

One interesting point remains. The at-
tached existence of the glochidial stages of
Unionids is known to be fairly short; ac-
cording to Lefevre and Curtis {1910),
Harms found the duration of the parasitic
stage of a European Anodonta to be only 21
davs at 18C. This is quite short enough to
allow completion of the parasitic stage of
A. implicata in time for the developing
mussel to be dropped off at the end of the
stay of the alewives in their breeding ponds
or on the ran downstream. Indeed. unless
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young mussels are carried down out of the
ponds by spring freshets or unless they are
far more active than one would suspect,
thev must be dropped in their optimal en-
vironment—the stream—by a precise de-
velopmental timing correfated with the
time of return of the alewives. Current
studies in the Department of Fishes of the
Muscum of Comparative Zoology indicate
that only o small fraction of an alewife run
represents second-time “runners.” It seems
extremnely nnlikely that the glochidial cysts
could puss « winter at sea on the fins of an
alewife, and even if they did their chance
af return would be small.

The above conjectures and conclusions
are primarily designed to bring the atten-
tion of ecologists to the possibilities for the
investigation of a relationship invelving two
readily controllable and measurable animal
populations. This should be carried out

DEAOREST DAVENPORT AND MARYANNA WARMUTH .

in the optimal environment where th
mussels, alewives, and associated fishes c.
best be obtained and maintained—the clear
sand-bottomed streams that cmpty th
ponds of the Cape Cod area.
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