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. ABSTRACT

This dissertation reportgfbomparative'studies.carried out on

populaﬁions of Musculium securis (Primgl.lBSl) from two temporary forest

ponds, a river, and a permanent ﬁond, The taxohomy, aﬁatomy, Life histony;
ecology, food habits, and dlstrlbutlon of the specles were 1nvest1gated -
from May 1970 to May 1973.

: Calyculae (or caps) on the shells have a predictable seasonal
accurrence. It s proposed that a'calyculus on a shell provides a valid
taxonomic characteristic of the genus Musculium. |

The anatomy of M. securis appears to be similar to thatidf—other
sphaeriids but the development of brood sacs differs markedly. A new
technique called back-calculation of brood sacs, was developed to deter-
mine the number gf‘litters produced. The strucfu:e of the byssus which
attaches larvae to ﬁhe gill of parents, is also described.

Samples were collected at least once a month for three years from:
a temporary pond and a river and at monthly 1ntervals for one year from
another temporary pond and a permanent pond for studles of the life -
history of the ‘Species. Analyses of the life history samples showed that
there aré intraspecific variations in growth, seasonal gbnad activity,
number of brood sacs and larvae per séc, sizes of litters produced, number
of litters produced, birth period, and 1ongévity. Intrapopulation variat-
ions in life historf'are more pfpnounced in temporany aquatic habitats than
in permanent aquatic habitats. Interpopulation transplants of M. securis
iﬁdicate that growth and fecundity may be adaptively modified in the river
habitat.. .

Usually fifteen ‘?clams were maintained in laboratory growth dishes

containing éoil, lea#es, and water. It is shown that the soil provides



food nganisms while'leéves probably provide nutrieﬁté.(e;g. ;alcium) in
elemental form. aiaboratogyfand field experiments showed that sich factors
as temperature; soil texture, tree foliagéyxdiffereﬁt soils, sulfate,

road salts, pqlp and papér waspe33 population deﬁsity, interspecific
competition, and parasitism affect the growth and/br reproductive dapaéity
of M. securis. )

Analyses of the intestines of M. securis showed that phytoplanktoﬁ,
_eépecially diatoms, are ingested. Food ingestion is most active during
the -summer. months. |

The significance of litter size in M. securis is discussed. It
is proposed that surplus recruitment (i.e. production of more young than
the carrying capacity of a habitat) may be an important mechanism in’
maintaining. population densities at cafrying capacity. It is shown that
hrecruitment is a function of iaryal viability and of the number of littefs

produced. .

The North American distribution and range exteﬁsion of M. securis
are also described, Evidence is given to suggest that some waterfowl
species may be important dispersal agents of M. securis. The distribution

of the species in wvariocus habitats is also discussed.
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Le présent travail se rapporte 3 des &tudes compardes de populations
de Musculium gecuris (Prime, 1851) tro&vées respectivement dans deux ,
étangs situés dans un milieu forestier, une rividre et un &tang perménent.
On traite de la taxonomie, de l'anatom%e, de 1'histoire naturelle,
des habitudes alimentaires et de la distribution de 1'espéce. Ces
travaux ont &té faits de mai 1970 3 mai 1973.

La formation d'un renflement (Mcalycula™) au sommet des coquilles
est prévisible sur une base saisonnidre. On croit que la présence dfun
tel renflement sur une coquille constitue un critdre taxonomique valable
pour le genre Musculium.

“ Ltanatomie de M. securis, paralt semblable % celle dtautres
'sphaeriidés mais le dé&eloppement des sacs‘marsupiaux est différent. (%
Une nouvelle techniqﬁe qu'on pourrait appeler calcul i rebours ("back-
célculatién") des sacs marsupiaux a et& mise au point pour déterminer
le nombre de pontes ' produites. .La structure du byssus qui attache la
larve aux branchies des parents est également décrite.

Pendant trois ans,'des échantillons furent prélevés'une fois
par mois dans un étang temporaire et un &tang permanent dans le but
d'étudier 1'histoire naturelle de l'esﬁéée. L¥étude de ces échantillons
a révélé 1'existence de variatioqs intraspécifiques &ans la croissance,
ltactivité saisonnidre des gonades, le nombre ‘de poches incubatrices et
des larves qu'elles contiennent, ia période d6closion et la longévité.
Four ce qui est de 1'histoire nafpfélle proprement—dite, les variations
sont plus marquées chez les populations occupant un habitat temporaire par

opposition aux .populations qui occupent un habitat permanent. La cr@issance
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et la fécondité de M, §ec s peutent Btre modlflees sulte a\des
transplantatlons dans .une rividre.

| Quinze mollusques furent gardés en.laboratoire dans des contenants
reﬁfermant'dé l# terre, des feullles et de l'eau. On a démohtré que ie
sﬁr fournit des organismes qui servent 3 la nutrition alors aue les
feuilles sont uné source de produits alimentaires sous fofme d'élémgnts
(e.g. calcium)., Des expériences en milieu naturel et en laboratoire
démon..trent que la croissance et la capacité de reproduction de M. |

' securis sont affect&es par des facteurs tels que: la température, la
texture et les type de sols, le feuillage des arbres, les sulfates, les
selsﬂ_ci?_gglg;wu_ﬁt‘de—sommsalts") les déchets de l'industrie
des pites et papiers, la deénsité de la population, la compétition
interspécifiqué et le parasitisme.

Ltanalyse des contenus 1ntest1naux a revele que M. securis inggre
du phytoplancton et plus spec:.alement des diatomées. Ltingestion de
nourriture. atteint son maximum durant les mois d!&t8.

On assume que la production dfun excédent de jeuﬁes M. securis
est un micanisme imbortant servant 3 maintenir la densité des populations
au niveau de la capacité de support. Cet excbdent est fonction de la
viauilité'des larves et du nombre de pontes.

On déerit la distribution de M. securis en Amérique du nord.
Certains indices portenf A croire que certains oiseaux aqggtiques
péurraient ftre des agents importants de dispersion pour M. securis.

La distribution de l'espace dans différents habitats est aussi discutée.




INTRODUCTION

~Within a 50 km radius of Ottawa, Ontario there are at least

26 of the 34 North American-species of Sphaeriidae. Twenty of these ;

species occur in the Ottawa.River. Sphaeriidae are omnipresent, occurring =~
everywhere from roadside ditches to deep-water lakes énd rivers. They are‘

a major food source for such vertebrates as waterfowl (Anderson, 1959;

Rogers and Korschgen, 1966; Gale, 1969) and fish (Gale, 1969; Smith,

MS1973). Scme species may pe co 7 ‘ ogical indicators since |

they occur in dhiy certain aquaticghabitats. For example, Sphaerium
cccidentale is usﬁally found in temporary forest ponds rich in calcium

carbonate while Sphaerium nitidum and Pisidium conventus are most common

in deepnand/or cold, oligotrophic waters.

The purpose 6f this study is to ﬁrovide information on the taxonomy,
anatomy, life history, ecology, food habits, and distribution of Musculium
securis. The species was chosen for study because (1) it is the only
species of Musculium for which the life history has not been fully deséribed,
(2) it occurs in a variety of habitats permitting comparative ecological .
studies, and (3) it is abundant in the Ottawa area.

There has begh mﬁch debate‘over the validity of the genus Musculium

.Link, 1807. Prior to 1960, most taxonomists used three genera (Sphaerium, -
Musculium, and Pisidium) to describe 128 species. Herrington (1962), on the
basis of shell. characters, then fevised the North Amerdican Sphaeriidag

and reduced the number of genera to two (sphaerium and Pisidium) and the
number of species to thirty-four. New taxonomic keys have since been
published by Burch (1971) and dlarke (1973) but only Clarke has chmenggd
Herrington's (op. cit.) revision; Clarke (op. cit.) uses Musculium as a

separate taxon (a subgenus of Sghaerium) and proposes a new subgenus,

\ 9



Herringtonium, for S. occidentale. However, Heard (1973), in a com-
‘parative study of Sphaeriidae, maintains that Mggcglium.is a' valid génus.
on the basis of several aspécts of lifé‘history; )
. The anatomy of M. securis has not been studied previously but

the literature contains several anatomical &:é&riptions of otﬁér sphaeriids
_(quarkoff, 1910; Gilmore, 1917; Monk, 1928; Ohdner; 1929; Ckada, l935a;
1935b, 1935c, 1936, 1938). In this. study, particular attention is paid
to the development df brood sacs because it is much different from that
described by Okada (1935b) for Musculium heterodon. Also, the structure
of byssal stalks is glven since there are no descrlptlons in the llterature.

Life history studies of sphaeriids are numerous (Gilmore, 1917,
Thiel, 1924; Monk, 1928;. Foster, 1932; Themas, 1963; Heard, 1963, 1965,
1973; Mitropolskji, 1965; Ladle énd Baron, 1969; Gale, 1969) but only
Heard (1973) has giveﬁ a brief deséription of the life history of M,
securis. Studies showing the variation of aspects of the life history of‘
sphaeriids within and between habitats are uncommon in‘the literature,

Many iqvestigators have attempted to relate the abundance of
sphaeriid species, inclﬁding M. securis, to organic pollution but with
conflicting results (Richardson, 1928; Carpenter, 1928; Baker, 1922}”Purdy,
1930; Ellis, 1937; Gaufin and Tarzwell, 1952 Ingram et al, 1953; Wurtz,
1956; Mackie and Qadri, 1973). Aside from the few studies on substrate
relations.of sphaeriids (Meier~quok, 1969; Gale, 1969), other studies on
the ecology ofisphaeriidshévezeceived little attention.

There are oniy a few food habit studies of sphaeriids in the
literature. The most detailed study was done by Gale (1971) on Musculium
transversum. OMalley (1924) and Mitropolskji (1966) have studied the

food habits of Sphaernum strlatlnum and Sphaerium corneum, respectively.
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Herrlngbon (1962) Heard (l962b 1963) and Clarke (1973) have |
given only brlef descrlptlons of the dlstrlbutlon of ‘M. securls;‘ Since
vthese descrlptlons,many new localltles have been reported in the l;tef’/////////
ature and museum records. "In an attempt to expl the spE;;///of

sphaeriids, many authors (Kew,‘1893, Boycott1/193

_—

19h5, Ohdner,
-1951) suggest that 1nsects, frogs, salamanders, and aquatic birds are
important dispersal agents./ Few (Judd 1966; Baker, 1927) descrlbe
factors that llmlt the distribution of sphaeriids.

DESCRIPTION OF STUDY AREAS

For comparative life history and ecological studies of M. securis,
four habitats containing the species were located within a 46 km radius

of Ottawa; two are temporary forest ponds, one a river bed, and the fourth

a permmnent pond. ' N

One temporary pond is located in:? deciduous forest néar Carp,
Oﬁtario and is called "Carp Pond" fo; thé purposes of this study. -It is
situated on a tongue of the Canadian Shield (Wilson, 1956) and can be
reached by trgvelling 1.1 km on Highway No. 5, North-west ffom‘Carp, Ontario
~and then goiAé 1.6 km north on a narrow dirt road through Mr. Holland's
fam property (Fig. la). The pond is approximately 100 x 150 m with a

maximun depth of 1 m. White elm (Ulmus americana), black willow (Salix

nigra), and red maple (Acer rubrum) are the dominant tree species in

the pond (Fig. 1b). Less common trees include red oak (Quercus borealis),

| trembling aspen (Populus tremuloides), and white cedar (Thuja occidentalis).
The top layer of soil has a black humus layer of decaying leaves and

twigs. The pond is usualiy dry by the end of July or éarly Avgust,
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Fig. la A free-hand sketch of the route to Carp Pond from Carp, Ontario.

Fig. 1b A photograph of Carp Pond as it appears in the summer months

when water igs bPresent,

v
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Musculium secﬁrls was t.he most abundant mvertebraté. Other'éonuﬁon
specles include the- gastropods, e11§o anceps, Eagu parvus,
" Physa gyrina, and lymnaea elodes, among Amphlpoda alell azteca)

Isopoda (Asellus sp.), Anostraca (Eubr@chlgus sp.), Diptera (Chrionomidae,

Culicidae) , and Tricheptera. Black ducks (Anas rubripes) were seen i‘eed:l_ng
and breeding in the pond every summer during the study period (Haqr 1970
to May 1973). | LS.

The second temporary forest pond was found south of Greely, Ontario
and is called "Greely Pond" for the purposes .of th:.s study. It can be
located by travelling 6.4 km south on Highway 31 i‘rom Greely, On’c.ario a;nd
then 1.0 km west on a dirt road (Fig. 2a). The pond lies south of this
dirt road and is approximately 300 x 300 m in area. Willows (Salix spp.),
trembling aspen, white elm, and red maﬁle are the most common tree
species within ﬁhe pond (Fig. 2b). The maximum depth of the pond is

0.8 m. A thick black layer of humus with decaying leaves and twigs

composes the top soil. Sphaerium occidentale and M. securis are the most
abundant invertebrates with the former being approximately twice a:s
numerous as the latter. Other common benthos includesP. ggina, L.

elodes, H. azteca, Asellus sp., Chwonom:.dae and Tricwptera. Black

ducks are usually seen feed:dig and breeding in the pond during the summer
months. Greely Pond was studled from June 1972 to May 1973. .

The third population was found in Britannia Bay of the Ottawa
River near Ottawa, Ontario (Fig. 3a). Britannia Bay lies on the fringe
_of the Canadian Shield. Larger populations of M. securis occur in the

mud of the 3-4 m depths than in the fine sand of the 0-3 m depths whereL/,

~

other sphaeriids (Musculium transversum and Sphaerium striatinum) predominat‘e.

- .

2\ N
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Fig. 2a A free-hand sketch of the route to Greely Pond from Greely, Ontario.-

Fig. 2b A photograph of Greely Pond as it appears in the summer months

when water is present.
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~ Unlike the other habitats, Britannia Bay has many fish'species including

‘catfish (;btélutgg punctatus), brown bullhead;“(Ictalurus nebulosus),

sauger (Stizostedion canadense); walleye (Stizostedion vitreum ), and

pike (Esox lucius); Many spédies of waterfowl, including mallards

(Anas platyrhynchos plqtvrhﬁnchoﬂ, black ducké.(ﬂ. rubripes), greater

scaups (ythya marila), and Canada geese (Branta canadensis) frequent

Britannia Bay to feed. Britannia Bay (Fig;ZBb) was studied from May
1970 to November 1972. . |

. The fourth habitat studied is a large permanent pond called
Lac Bourgeais. It is situated in the Gatineéu Hills of the Canadian
Shield, north of Hull, Quebec. The pond is surrounded by a.hardwood
forest composed mainly of maples (Acer spp.) and oak (Quercus spp.)
trees. Having é'é;ntagious distributioﬁ in Lac Bourgeois, M. securis
is almost confined to a small area, 4 x 8 m, along the east shore in the
shade of several small willow (Salix sp.) trees. The pond i§ approximately
200 x 4,50 m in érea with a maximum depth of 3 m. The substrate consists
of a thick layer of decomposing plant material which gives the pond a
"false bottom" effect. A large beaver hoﬁse is located in the middle
of the ﬁond. Black ducks often frequent Lac Bourgeois to feed.during'
the summer months. The pond was studied fro October 1971 to September
1972. ' x

DESCRIPTION OF MUSCULIUM SECURIS

Taxonony
Characters diagnostic of M. securis and a taxonomid key may be

found in Herrington (1962). Herrington (op. cit,) desciibes the species as

"Sphaerium securis Prime"; Cyclas securis Prime (1851), Cyclas sphaerica

)\ §
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Fig. La A free-hand sketch of the route to Lac Bourgeois from the
Gatineau Parkway, Hull, Quebec.

Fig. 4b A photograph of Lac Bourgeois as it aﬁbears in the summer months.
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Anthory, in Prime .(1853), Sphaerium securig Prime (1865), Musculium

parvun Sterki (1909), and Musculium-australe éterki (1916) are listed as
synonyms. After comparing the séeéies to the origiﬁal description

(Prime, 1851), cpmparisons were made with specimens that were auth%ntically
. determined by H. B, Herrington.

Neave (1940) states that the genus; Husculi@m, was originally

described by Link (1807). Species noq\included in this gemnus are lacustre,

partumeium, securis, and transversum. Since Linkts (1807) original
description there has been muéh debate over the validity of the genus,
Musculium. Herrington (1962) maintains that the characteristics attri- ,
bute& to Musculium (i.e. calyculate beaks and thin shells) are not

constant features and ofteg app}y equally well to Spﬁaerium species and
consequently does not consider Musculiuﬁ as a valid genus (or subgenus). -
However, the present study and Gale (1969) indicate that while calyculate
and uncalyculate forms of M. securis and M. transversum do occur,
calyculism is predictable and constant under defined ecological conditions.
Although not all species df'Sghaerium and Husculiuﬁ have been examiﬁéd
(particularly the type species, S. corneum and ﬁ; 1ac£st;é, respectively),
examinations of the shells of S. striaﬁinum and S. oqcidentale éuggest
"that only Musculium species have true calyculae while Sghaérium species
have “pseudocaiyculae" ( see p. 18). The ca;yculafe character has recently
been used to separate taxa but not at the generic level; Clarke (01973)
| recognizes Sphaerium and Musculium as subgenera and proposes a new sub-

genus, Herringtonium, for S. occidentale. Heard (1973), on the cther

hand, considers Musculium as a valid genus and documents several other
differences between Musculium and Sphaerium; (1) proportionately more

species of Musculium inhdbit temporary ponds, (2) Musculium species

N




have a higher fecundity than moet Sphaerium species, (3) éametpgenesis
begins during adult life in Musculium species and during larval life in most
Sphaerium species, (4) Musculium species have a shorter poteﬁtial life
" span than most Sphaeri species, (5) the two sgiphons are fueed for only
the basal half in Musculium spec1es but for their entire length in
‘Sphaerium species, and (6) a functlonal byssus is present in shelled
la?vae of Musculium species and is absent in most SEhaerium species.
The only Sphaerium species that share these six eharacteristics with
Musculium species are S. occidentale and S.'corneum. However, ae
mentioned earlier, the results from the present study. 1nd:1.cate that
true calyculae are probably absent in these two species.

In view of these findings, I consider Musculium as a valid

genus. Primets (1851) original description was for Cyclas securis; the

species is herein referred to as Musculium securis (Prime, 1851).

Development

The development of M. gecuris is only briefly discussed here
because it is similar to that described for other Musculiumnand Sphaerium‘
species by Heard (1973) and Okada (1935a, 1935b, 1935¢, 1936, 1938),
Larvae develep within brood sacs attached to the inner éills of the
pafent. There are five arbitrarily defined, sequential stages of
.gevelopient, viz, embryos,,fetai larvae, prodissoconch larvae, extra-
marsupial -larvae, and adults. Fmbryos are contained within p?imary sacs
and include that staée of development between the zygote and the completioa
of gastrulation. Fetal larvaes are. contalned within secondary-sacs and

include those stages of development between the gastrula and the beginning

of shell formation, When the shell beglns‘to form the larvae are known as

A
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prodi&soconch larvae and the enveloping_brogg_éap is célled a tertiary
sac.. The ﬁertiéry sac eventually-ruﬁtures to releagse the larvae into the -
suﬁfabranphial chamber “of the parent. -‘The larvae at this time are called -
‘ extra-mérsupial larvae. Thése extra-marsupial larvaé are attached to the
gill of the parent by a byssal stalk that was secreted during the pro-
dissoconch stage. Eventuall& the extra-marsupial larvae break free of
their bys;al stalks and are released by the parent to bécome‘adults.

- Adults include all sfages of development from the newborn stage to the

2

éravid parent stage (paremts that contain shelled larvae).

Size and Shell Characteristics N

-

The species can usually be recognized by the steeply sloped, ventral
anterior’ margin, a truncated posterior end, and a rounded.anterior end.
The dorsal hinge may be straight or slightly curved; if straight, the
posterior end is at right angles to it; if curved, the posterior end
joins it with a rounded angle. Striae on the shell are distinct and
evenly spaced. The sﬂell of pond speciméns tend to have a Mpitted?
appearance while river specimens have a high gloss. Addiéiz;al variations
of M. securis are des;ribed in Herrington (1962).

Theriength-height relationships of shells of M. securis from the
four populations -are shown in Fig.'S. 'Individuals of all populations
studied have similar (P< 0.001) length-height relationships. In general
the length is 1.2 times the height.

Individuals from each of the four populations studied have basic
morphological differences. Usually clams from the Carp and Greely Pond

populations have calyculate (capped) beaks where the nepionic valves are
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The length-height relationship of Musculium securis in Carp

Pond (Y = ~0.22 + 0.90X, N = 158, r = 0.98), Greely Pond

(¥ =-0.18 + 0.88%, N =130, r = 0.98), Britannia Bay ( Y =
~0.09 + 0.84X, N=175, p = 0.98), aﬁd Lac Bourgeois (Y =
=0.13 + 0.86X, N= 150, r = 0.99). |

X
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separated irom the adult valves bylg distinct sulcus (Fig..6). The
ﬁritaﬁnia Bay and Lac Bpurggois populations are represented by,bdfh
calyculate and uncal&culate forms (Fig. 6). An annulated fofm is also
present in the Lac Bourge01s populatlon.

Experlments were carried out in the laboratory to deternune the
factors involved in calyculus formation. Several extra-marsupial larvae
were excised from parents. In addition, several newly born clams were
obtained from parents and. kept in a 5°C cold room for 30 ﬁin. and 1, 2,
3, or 4 weeks. Newborn clams (i.e. had not -grown sgince birth) from Canp
“Pond were also used. Groups of each of th; extra—marsuplal larvae and
of the newborns of different ages were grown in dishes containing"soil,
water, and leaf litter. Calyculae formation for each group of clams was

. =i '

recorded.

Table 1 shows the age groups that develop into calyculate adults.
Evidently the sulcus representsa rest period since claﬁs which had not grown
since birth(i.e. newborns oider than 1 WEek,.Table 1) form calyculae. Of
the extra-marsupial larvae that survive, none formsa calyculus. Thus it
appears that the rest periods occur sometime between the extra-marsuplal
larvae and newborn stages. |

Experiments were also done in the-fiéld to confirm the results
obtained in the laboratory. Newborns that had'pstivated and/or hibernated
were isoiated and maintained in grpwﬁh tubes (described on p; 37) in
Carp bond, Britannia Bay, and Lac Bourgeois. Without exception, newborns .
developed intp calyculate adults. OSome adults in Britannia Bay growth tubes
produced newborns early in the growing season. These newborns developed into

uncalyculafe adults. Other newborns that were produced later in the summer

(early August) did not continue growing after birth but, apparently, began

. Y
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Fig. 6 The shells of Musculium securis adults.(including newborns)

that occur in the Carp Pond, Greely Pond, Britannia .Bay, and

Lac Bourgeois populations.
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Table 1. Calyculus formation from extra-marsupia¥ lérvaa and
‘ newborns of different ages in Musculium securis,

Ages of Musculium securis Number Lalyculus  Calyculus
Examined  Formed Not Formed

Ebct;fa—marsupial iarvae 10% - o 7
Newborns 30 min. old 6 5 1
Newborns 1 week old 6 6 0
Newborns 2 weeks old 6 6 0
Newborns 3 weeks old ) 5 5 0
Newborns I, weeks old 5 . 5 O
Newbarns 5 months old ™ 15 15 0

- _ .
Three specimens died.

RN IR T LR A
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hibernating.

These results are of 31gn1f1cance in life history studles
partlcularly Since M, securls has a one year life span. Since the birth
of newborns usually C&HHCIch w1th estivation perlods (1 e.
mid-summer in temporary ponds) or hibernatisn perlods (i. e. autumn).
calyculae are’an importamt tool in 1dent1fy1ng the approximate age of
adults. Moreover, since the early summer and autumn generations can be
distinguished by the absence and presence of calyculae,'respectively,
the calyculate character can bé used to identlfy different generations in
& population. Thus, adults with éalyculaé are of the first generation
and adults without calyculae are of the second generation.

The sulcus is caused by a rest period but the factors that cause
~ the rest periods are somewhat obscure. In ﬁhe Britannia Bay growth tubes
young were produced in late July but they did not.grow-despite the
apparently favorable conditions in August ang September. Thus, rest periods,
hence calyculism, do not appear to be exclusively an ecophenotypic
characterT Nor does calyculism appear to have Mendelian ratios since
Chl—squared tests failed to show the existence of either homozygous
calyculism or heterozygous calyculism. At present, it can only be
concluded that M. securis has some ability to either 1nh1b1t or 1nduce
growth upon birth. : A e .

Uhllke a sulcus, an annulus appears to form as a direct rdsult of
environmental growth inhibiting factors (e -§. temperature). An annulus
occurs anywhere on the shell; all adults that overwinter in Lac Bourgeois
have an annulus on the shell but the annulus is Jocated on dlfferent parts

of the shell dependlng on the individual's length when growth was 1nhibited.
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_Conversely, a sulcus illfm demarks the nepionic va.lves i‘rom the adults
- valves., Thus, the sulcus is associated oan,r with nepionic shells and the
armulus only with adult shells.
The dlstmctlon between a sulcus and an a;.nnulus also seems to
apply to other species of Musculium and Sghaerium. Gale (1969) studied

calyculus formation in Musculium transversum and also found that calyculism

is associlated with season of birth, Exam:_natlons of the shells of

Sphaerium striatinum .t‘rom Britannia Ba\v and of Sphaerium occidentale from

Greely Pond show that several anmili may occur but they are associated
with the adult valves and, therefox;e » not necessarily with the season .of
birth. Only occasionally is an annulus present at the base of the <.
umbones in Sphaerium species and hence coincides with the season of birth,
Therefore, in Musculiurn species the sulcus i‘orms the calyculus but in.

fz‘ph_ag;;m species the annulus forms a pseudocalyculus . This pseudo-~

calyculus apparently forms only when a growth 1nh1b1t:1.ng factor of the
environment coincides with the birth of newborns. Therefore, on the basis
of the distinction between sulci and anmuli, the presence of calyculae , or

-

€aps, appears to be a valid characteristic ‘oi"the genus Musculium.
Comparison With Other Musculium and Sphaerium Species

Only species with which M. securis commonly occurs or are easily
confused ave considered here. The following features can usually be

used to distinguish M. securis from other species.

The ventral anterior margin of M. t.ransversum i9 less steeply sloped
and the shell 1s much longer in outline than that of M. securis (Fig. 7).
The dorsal margin \lof M. transversum is long and” straight and joins both

the anterior and p’osterior ends at distinct angles; in M. securis the

. _ Y -
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Fig. 7 Typical shells of Musculium securis and of species with which

. it 1s often confuseq (Musculium transversum, Musculium lacustre,
Muscu].ipm Partumeivm) or often occurs (Sphaerium occidentale,

Sphaeriyn striatinum).
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. anterior end is rounded. . The two species ma& occur together bﬁt one
usually greatly outnumbers the other (cf Fig. 54, p.153).

Muscullum partumel um has a less sloped ventral anterlor margin
and its shell outline is more truncated in appearance than is M. securis.
The umbones of M. securis tend to lean away from.ohe another and appear
to sit on the side of the shell; in M. partumeium the umbones lean forward
and sllghtly towards one another so that they appear to sit more dorsally
on the shell (Fig. 7). The dorsal margin of M. partumeium usually forms
a sharper angle with and is more often at right angles to the posterior
end than is the dorsal margin of g..securis. The striae of M. partumeium
are less distinct than of M. securis so ﬁhat the shell of the former usually
has a higher gloss than the shell of the latter. The two species are
very seldom found tdgether.

’Wheh M. secﬁris is grown in high concéntrations of calcium
ch;oride,ithe shell assumes many of.éhe characters attributed to M.
Eartumeiuﬁﬁ(Fig. 8)." That is, the position of the umbone ‘the relation-
ship of the dorsal margin to the. anterior and posterior ends are very
similar to those described for M. partumeium. However; the vemtral
anferior margin is sloped and the striae of the shell are distinct in
the "caicium.chloride specimens™ as is typical of M. securis specimens.

Musculium lacustre is the smallest of the four Musculium species

(Fig. 7). In M. lacustre the umbones tend to lean towards one another and
sit high on the shell while in M. securis the, umbones tend to lean away

from each other and sit low on the shell. The-dorsal margin of M. lacustfe
Wjoins the anterior and posterior ends at distinct angles; in M. securis

lthe dorsal margin either forms no angles or more rounded angles w1th the
anter10r~and posterior ends. Very seldom are the two species found together.

s
.




Fig. 8 A comparison of the shell of Musculium securis when grown in a

calcium chloride (CaClz) solution to a typical M. securis shell
and a typical Musculium partumeium shell,







22

Sphaerium occidentale has been found to the best of my knowledge, '

only in ponds that usually d:y'up every year. The species can be
identified by. the presence of a ridge extending down from the dorsal margin
and about midway on the inside of the shell. The shell is rounded in

outline so that the long dorsal margln is difficult to del;mlt (Fig. 7)

True caps are absent on this ‘species. Sphaerlum occ1dentale‘and M.
securis often occur together in,large'pumbers (e.g. in Greely Pond).
The mest common species of lakes, rivers, and oreeks is S.

gtrigtinum. Compared to M. securis the ehell of S. striatinum is much
larger (10-16 mm) and has coarser, more irregularly spaced striae. The
ventral margin of S. striatinum is gently curved and much longer than
the sloped dorsal margin. True calyculae are absent on this species.
In the larger lakes and rivers S. striatinum is often found in large

numbers with M. securis {e.g. in Britannia Bay).
Anatomy

The anatomy of M. securis was studied in detail. Since the
anatomy appears to be similar to that of other species described in the
literature only a brief description of the organs and systems 1s given
here., The development of brood sacs in M. securis is much different from
‘that described for other species and is discussed in detail. The structure
of byssal stalks is also given because there are no descriptions in the
literature.
General anatomy - The gills of g.'securis are of the edlamellibranch
type (Hickman, 1967) with filaments fused laterally and the 1ifiellae
joined by cellular oartitioos. There are two pairs of gills,’; pair

of inner demibranchs and a pair of outer demibranchs. The outer pair
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is smallér énd occuples a dorso-posteglor position. The imner lamelia
of the outer demibranch attaches to the outer lamella of the 1nner
'demibranch. Brood sacs are supported medially on the inner demlbranph
Details of gill structure are identical with those descrlbed.for other
sphaerllds by Monk (1928) and Gilmore (1917). |
The digestive system (Fig. 9) is of the basic pelecypod type.
The mouth is at the base of the 1labial palps which/are situated .behind
the anterior adductor muscle. Food passes through the esophagus to a
_large_stomach that is perforated with ducts from the large, dorsal
digestive gland. Near the end of the stomach and éxtendihg down into
the intestine is a style séc with its crystalline style, the structure
of which has been described by Nelson (1918) and Monk (1928). The
intestine loops around the base §f the stomagh and ascends to near the
posterior edge of the umbones where it bends and courses posteriorly
along the interi@r margin of the shell as the rectum. An anus opens into
the anal siphon.immediately behind the posterior adductor muscle. ‘
A muscular ventricle surrounds the rectun a short distance
behind the stomach (Fig. 9). The ventricle and two auficles are enclosed
in a periéardial'éac; Blood circulation was not studied but is probably of
the Anodonta type described by Mork (1928) and Hickman (1967).
7 The excretory system consists of a pair of coiled, thin walled
tubules which constitute the kidneys or organs of Bojanus (Fig. 9). The
kidneys lie against the dorso-posterior wall of the mantle and between
the heart and the posterior adductor muscle. A pair of short ducts join
the pericardium to the kidneys. Waste products are carried to the

cloacal chamber by a urogenital duct. Monk (1928) and Ohdner (1929) have




Fig. 9 Camera lucida drawing showing anatomy of Musculium securis.
A anus, AAM anterior adductor muscle, ARP anterior retractor
pedis muscle, AS anal siphon, BN'branchial nerve, BS branchial
siphon, CG cerebral ganglion, DDG ducts of digestive gland, DG
digestive gland, E esophagus, F foot, G gill (imner), k kidney
(Bojanus? organ), LP labial palp, M mouth, MC mantle cavity,
MF mantle fold, O ovary, PAM posterior adductor musclé;:RG
bedal ganglion, PRP posterior retractor pedis muscle, R rectum,

S stomach, St statocyst, T testis, V ventricle of heart, VG
visceral ganglion,




.ARP
PG
CG

AAM

5t
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described the excretory process. | - .:Q-'

The nervous system consists of three pairs of 1arge ganglla w1th
their nerve fibers, two pairs of commlssures, and two pa;rs of special
sense organs (Fig. 9) A pair of cerebral ganglla lle dorsad the esophagus _
1mmed1ately behind the anterior adductor muscle. TWO cerebro—v1sceral
comnissures connect the cerebral ganglla to the v1sceral ganglla which
lie agalnst the posterior adductor muscle. A pair of cerebro-pedal
commissures connect the cerebral ganglia to the’ pedal ganglla whlch lie
dorsal to the foot muscles. Two sPhcrical{ bead—lige.sta£6qy$ts=oré§ns
are situated immediately anterior to the pedal gangli;. Osphradié lie ‘
in the roof of the cloacal chamber and against the branchial nerve. Detailed
descriptions of the statocysts and ésphradia areréiven by Mork (1928).

The repreductive system consists of a pair of gonads'and their
reproductive ducts (Fig. 9). The gonads lig anterior to and aéainst the
outer wall of the pericarqiak sac. During eéfly developmen? thé testis
and ovary are indistinctly separated but eventually thé'testis comes to
he@mﬂamamWMfmtmomm.Agmﬁmtmﬁhsmmsmm:
and ova to a shorﬁ urogenital duct that opens into the cloacal chamber.
Fertilization is internal and occurs near the urogenital orificé (Okada,
1935a). The reproductive system and process has been described in detail
by Okaéa (2935a, 1935b, 1935c).

Brood sac devélopment -~ The structure df brood sacs in M. securis is

gimilar t& that described for M. heterodon by Ckada (1935b). However,

the development of brood sacs appears to be different in the two species. / '

In M. securis the brood sacs are associated with certain filaments of the
inner gill (Fig. 10). Of an estimated 10,000 brood sacs examined, all

develop from either two .or three gill filaments., Counting down frqm the
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Fig. 10 Position of the brooEi sacs and their relation f,o the gill

 filaments of the iqgler gill. DF degenerating filament, DPS.
developing primary sac, E embryo, FL fetal larvae, IG inner
gill, 0G outer gill, PGF gi.l_llfilaménts supporting prmary -
sac, PL prodissoconch larvae, PS primary sac, SGF gill filaments
supporting secondary sac, SS secondary. sac,  TGF gill filaments
supporting tertiary sac. See text for explanation of a, b, <,
c-i','e, and f. | . | .
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dorso-anterlor edge of the. gill (Flg 10) the flrst sac usually develops

-on the 7th and 8th gill fllaments the second on the‘9th and JOth, the

third on the 11th and 12th, and the fourth on the 13th and 1th gill
filaments., Each sac remains associated with the filaments from which i£ )
arises until the sac ruptures, releasing the enclosed prodissoconch'
larvae. Occasionally brood sacs dewelop from ﬁhree_filaments so that

the first sac is on filaments 7, 8, 9, the second on 10, 11, the third

on 12, 13, and the fourth on lh, 15, 16 or the first is on 7, 8, and the

secédnd on 9, 10, 11, the third on 12, 13, and the fourth on 14, 15, 16

Nearly all combinations of gill fllaments occur except two adjacent sacs
each occupying three filaments.

Several méﬁsuqe?gﬁts were taken to determine the reiationship
between the growth of éills and brood sacs and the‘growth of the parents.

Referring to Fig. 10, the total length of the 111 (a-f) and the lengths

" of brood sacs (b—d) and (c-e) were measured in parents of “several ages.

The lengths a-b, a-c and d-f, e-f (Fig. 10, 11) are measures of the
brood sacs in the ddrsalﬁand ventral directions, respectively.

Measurements of 150 I;arents showed_ that the growth .of brood sacs
and gills are directly rela£ed to the growth of pareﬁts (Fig. 11). Also
the growfh of brood sacs is linearly related to the growth of gills (Fig.
11). The distance between the dorsal edge of tﬁ; gill (a, Fig. 10} and
the dorsal edge of the first sac (b, Fig. 10) decreases with increasing age
of the parent, indicating that the sac advances dorsally (Fig. 11)..
However, the distance bétwegn the ventral edge of the first sac (d, Fig. 10)
and the ventral -edge of the gill (f, Fig. 10) remain constant and is exactly

one half the length of the gill in all parents (Fig. ll).. Since the gill

- ~
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Second brood sacs in relation to growth in shell length of
parents of Musculiym Securis. See text énd Fig. 10 for

explanatiop of a-f, 8-¢, a-b, e-f, ang d-f.
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grows in a.ventral_direction (Raven; 1958),-thé brood sacs must advance
in the ventral direction at an identical rate. |

Okada (1935b) did-not.associatelthe brood sacs with gill filaments
in M. heterodon but maintains that ™he sac moves upwards along fhe
descending lamella" by formation and reformation of hew sac stalks.
This doeé not occur in M. securis since the ventral edge of £he sacs
advaﬁcesventrally (i.e. downwards) at an identical rate to the gills,
Moreover, there is no evidence of the sac stalks forming and reforming
since the sacs are always attached dofsally and ventfally to the gill
filaments. Okada (1935b) also maintains that the sacs move from "he
lower part to the upper part of the branchial chambef“. This can not "
occur.in M. securis because the sacs remain attached to the filaments /
from which they arose. Rather, the sacs merely enlarge with thé growth
of the enclosed larvae.

Since brood sacs are‘associated with.certain gill filamernts, the
nunbers of litters produced by a parent cah be detegmined by bhack-

calculation of brood sacs. Thus, parents that have produced one litter

will not have brood sacs on filament numbers 7 and 8. Similarly, parents
that have produced two litters will not have broéd sacs on filament numbers
7 and 8 nor on 9 and 10. This teehngque can be_applied to parents in

which brood sacs develop from twoe filaments. For parents in whit? brood
sacs develbp from three filaments, one litter was'produéed if filament
numbers 7, 8, 9 have no brood sacs, two 1ittérs if filament mmbers 7, 8,

9, 10, 11 have no brood sacs (I have inever seen the 12th filament used in
the formation of the second brood sac), three litters iflfilament numbers
7-13 inclusive (or 7-14 inclusive) have no brood sacs. ‘ Usually sac remnants

remain to determine whether a sac has developed from two or three filaments.

- .
e e
' .
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If no sac remnants are present, one only needs to refer to filament

numbers 8, 10, and 12, since they are always present in the formatmon

of the first, second, and third brood sacs, respectlvely, regardless of
the number of filaments used in sac development. If indeed the 12th
filament is used in the development of the second brood sap; errors would -
be introduced into the estimation of the third and fourth litters. This
is particularly true if sac remnants are not present to determine the
number of filaments used in sac development.

Byseus structure - Byssal stalks (Fig..l2a) are found in S. occidentale
and §..corneum as well as in all North American Musculium species.

They appear to be solid in cross section and are appreximately 10

in diameter and 0.5 mm long, the length increasing with age of the
larvae. The byssus consists of a byssal StalkAand a belbous portion

or byssal bulb at the insertion end (Fig. l2a). Several stalks,
depending on the number of laryae in a brood sac,-insert on one byssal
bulb, The bysses has no apparent cellular structure. It originates in
the byssal gland in the posterior base of the larve's foot (Fig. 12b).
Serial sections of the foot in the region of the byssal gland show that

the stalk is produced from cells at the base of the gland (Fig. 12c).

The base of the stalk appears to be fibrous (Fig. 12d). The byssus first

appears in prodissoconch larvae and only one stalk per larva is produced.
The byssal bulb with its stalk(s), insert(s) on the parent's gill

on the same filaments from which the respective brood sac{s) arose

(Fig. 12e). Usually the cells of the gill filaments belew the.byssal

bulb proliferate and form a large saccular mass (Fig. 12f). Serial

sections show the highly sacculated structure o{ this mass (Fig, 12g)

and its origin from gill filaments (Fig. 12h). The function (if.any)_of
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Fig. 12 Structure of byssus in Mubculium securis. (a) Two byssal stalks

twisted at the distal half and insefting on a common byssal bulb’
(50X). (b) anly‘stage in the development of the byssal stalk
(indicated by.arrow) from the byssal gland in the foot of 3
prodissoconch larva (50X). {c) Section through foot of extra-
marsupial larva showing the basal portiog of the byssal stalk
(indicated by arrow) in the byssal gland (SQOX). (d) Same as (c)
but section is 8 microns deeper to show fibrous nature of.the
base of the byssal stalk and its origin from-cells (indicated by
arrow) at base of gland (500X). (e) Insertion of fhe byssal
bulb on gill of parent (50X). (£) Insertion of the byssal bulb
on proliferated cells (indicated by arrow)} of gili filaments
(50X). (g) Section through proliferation showing sacculated
structure (125X). (h) Same as {g) but 500X magnificatioh to

show origin of the saccu}ated mass from gill filaments (indicated

by arrow). | . ‘ T
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this sacculated strﬁcturé is not known but the increased sufrace area may
be of respiratory significance to the larvae. B |

It is nq£ known how the byssallsﬁalks from several larvae eventually -
ihsert on a common byssal bulb. However, it is suggested that this
procesé occurs very early in the developmeht of prodissocdnch larvae when
they are in close prbximity to each other. The byssal bulb has not been
recorded in the literature but Heard (1973) states "...a.larvaé;.... are
anchored by a byssal_thread_to a common stalk which arises from their
respective tertiarj'brﬁod sacs". An.examination of Fig. 12a shows that
the "common stalk" which Heard (oﬁi:rit.) refers to is merely the
twisting of several Stalks; this twisting probably occurs as a result
of the activity of extra-marsupial larvae.

The function of the byssus has only beén speculated upon. Heard
(1973) suggests that the byésus prevents Mprecocious birth until the
larval gonads can develop'to such an extent that they caﬁ participate
in the next fertilization period following birﬁh". The present study

tends to support this interpretation.
MATERTALS AND METHODS -

Most of the materials and methods are given below; others are

given in more appropriate places throughout the text.

Physics and Chemistry of Water
Collection of water samples were made at the same time as samples
of M. securis to enable asstudy of the relationship between seasonal

differences in physical and chemical characters of the water and various

1
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growth parameters of M. gecurig. The dates of collections may be found

in Fig. 25, 27, 28, 30. No physicél nor chemical vertical gradienté existeé
in any_of the hébitats (except pérhaps at the mud-water interface). =
A1l water samples were collected approximately 30 cm below the surface.

Three physical and eight chemical characters were analyzed on
each water sample. Temperatufe was determined with a mercury thermometer.
A Beclman conductivity meter was.used to ﬁeasure ﬂﬁe conductivity'in.
pohos/cm. Color was determined in platinum-cobalt units on a D.R.E.L.
Hach Water Chemistry Kit according to instructions in the fourth edition
instruction manual (Hach Chemic;.ls Co., Amea, Towa®. -

Calcium hardness; total hardness, alkalinity, orthophosphate,
sulfate, iron, and dissolved oxygen were heasured in ppm (pérts per
million) on the D.R.E.L. Hach Water ‘Cﬁémistry Kit. The pH was determined
with a cglor disc' and wide range {(4-14) pH iﬁdicatqr obtained from
Hach Chemicals Co. i
' Temperature, dissolved oxygen content, pH, and conductivity
were measured in the field. All other water parameters were analyzed
in the laboratory usually on the same day of collection, When.the
water could not be analyzed on the‘same day, water samples were stored in
a 59C cold room for up to two days.

To assess the accuracy of the D.R.E.L. Hach Chemistry Kit,
analytical results df each chemical character examined were compared to
those derived from methods described in "Standard Methods for the Exam-
ination of Water and Waste Water" (1965) The closest agreement occurred-
with calcium hardness, total haraness, and iron with average differences

of 5.6%, 6.2%, and 6.5%, respectively, between the two methods. Less than
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5% difference occurred wlth sulfate at concentrations of 1ess than 30
ppm and differences of up to 22% at concentratlons greater than 30

ppm. A difference of 9% occurred between the two methods for dlssolved
oxygen and orthophosphate. Differences of O to 1 pH units occurred
between the color disc and pH meter (Cornlng Sclentlflc Instruments,
Model 10) methods.

Coefficients of‘variability were determined for each parameter
measured on the D.R.E.L. Hach Chemistry Kit. The followiﬁg results were
obtained: color - 6.3, pH - 0.3, dissolved oxygen - 0.2, calcium hardness -
3.6, total hardness - 3.7, alkalimity - 3.6, orthépﬁosbhate - 7.1, |
sulfate - 0.7, and iron - 1l.5. fhe results indi;ated sufficient

reproducibility to warrant use of the D.R.E.L. Hach Chemistry Kit.

Life History Studies

The life hisftory of M. gecuris was studie&vén (a) seasonal
(i.e. every two weeks to momthly) field collections, (b) adults maintained
in the field and in the laboratory, and (c) adults culturéd in the labor-
aﬁorj. Seven life history aspects were studieéz (1) growth, (2)
seasonal gonad activity, (3) numbér'of brood sacs and larvae per brﬁod sac,
{4,) sizes of litteré produced, (5) number of litters produced, (6)
birth period, and (7) longevity.
{a) Seasonal field collections - Seasonal field collections wére made
in each habitat at either two week or one mpnéh intervals. For the
life history studies, random quantitative sampleq were taken from
Britannia Bay with a standard Himan grab (15 x 15 cm, with screen on
top) and qualitative samples from the remaining habitats with an ordinary

domestic sieve. Seasonal quantitative estlmates of the Carp Pond
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‘needed to show differencgs between means of Varioﬁs 1ife history ‘aspects
a..tl P€0.05 were determined from the sample éize formula of Simpson et al.
(1960, p 196). The specific dates of collections and the_Sample.Eizes
may be found in Fig. 25,.27, 28, 30, o - . -
All clams used for‘}ifé history studies we:e‘preservéa immediately
in 70% absolute éihanol. Since some clams prematurely released their
young, individuals greater than approximately 3 mm were isolated and put
into vials containing 70% ethanol. Clams to be used for histological
examination were. first narcotized in 10¥ sodium nembutal (cf van der ¢f
Schalie, 1953), fixed in Bouin's fluid, and then preserved in 70% ethanol.
For each clam in.the seasonal field collections, lengths and heights
were measured to two decimal place§ in miTlimeters wiih a Precision’Tools
and Instruments Co. Ltd., microécdpe micrometer, model 14.
The seasqnal_size-frequéncy distributions oi“kL'securis in each
habitat ﬁere determined by plotting the numbers of individuals of
* different size classes on siaeafrgguenﬁy histograms. Thirteenﬁiée
classes of 0.49 mm increments were used (i.e. size éiass 1=0 f.0.49 mm,
2=0.50 ~ 0.99 mu, 3 = 1.00 - 1.49 MM, <veueen 12 = 5.50 = 5.99 mm,
and 13 = greater than 6.50 mm). |
Seasonal gonad activities were determined from stained sections
of gonads from 4 or 5 individuals of most field collections. Only specimens
prepared for hist;ldgical examination were used. The shells of parents
and the extra-marsupial larvae were removed-by haqd. After dehydrating,
clearing and embedding in paraffin, the soft parts were sectioned to a

thickness of 8 microns. Sections were stained with Harris'! haemato-

W
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| xyiin and counterstained in alcoholic eosin,

_ The numbers of brood sacs and their litter siées were détermined
for both the left and right demibranchs. - Usually the embryos wers so
small that their numbers could not be determined accurately. Therefore,

- data were recorded for ohly fetal, prodissoconch,'ang extra-marsupial
larvae. The lengths'of alllshelled 1arvae were'also reéorded. Since

99% of the extra-marsupial larvae were viable (as shown from growth
studles), thelr numbers were taken as a valid measure of litter sizes
produced by ﬂ. securis. the that the litter size is the number of larvae
per brood sac while the litter-size produéed is only the numbgr of extra~
marsupial larvae per litter. |

The numbers of litters prodﬁced by parents were determined by
back—calculétion of brgod sacs; this ﬁephniqﬁe was dsscriged eaflier.
Only parents which had completed growth were used to determine the
numbers of litters‘prodﬁced. Parents that had completed growth could

usually be identified by the formation of a black deposit on the margin

-

of their shells.

The birth pefiods and longevities of M. securis for each population
were determined from sizeafrequenc& histogramé;“ These were confirmed by
maintaining clams in the field.

(b) Mainteﬁanéerf,ﬂ, gecuris in the lab and field - In ﬁﬁg maintenance
of adults, young are born but they are not kebt alive to iﬁvigtigatg
their life cycles (Heard, 1973). Adults were maintained in the field
and‘laboratory to complement the life history studies of seasonal field
coliéctions. |

Growth tubes (Fig. 13) were used to mainﬁ;in adults in the field.

The growth tubes were prepared from 45 mm diam.i 70 mm ht. plastic vials
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Fig. 13 Rearing apparatus used in maintaining Musculium securis in the
' field. (a) Eniafr'ged view of a growth tube without the cap.
(b) Assembly of 20 growth tubes. - S
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with ;hap—on plastic caps. Two réctanguiar holes, 1l x 5 cm each, were -
cut out of the vial, 1 em above the bottoﬁ (Fig. 13a). Nylon gesﬁTQith P
TO 30 mm aﬁeﬁings was cut to fit'the innér area ofbthe Vial.-'Strips Bf
acetate, approxlmately 7 mm wide, were cut to fit the bottom and top

inside c1rcumferences. By sthenlng in hot water, the acetate strlps
were fitted into the vial to hold the nylon mesh in place.‘ Two, 7 mm
dlau‘holgs were drllled into the top walls of the vial and smgll air
holes were punched into the cap. .' ‘

" Racks, made from 1 cm thick ple#iglass sheet, were cut and drilled
to hold twenty gro;th“tubes (;ig. 13b). The legs and the locking device
(Fig. 13b) were glued to the plat.i‘om of the rack with glue made by
dissolving plexlglass shav1ngs in chloroform. The growth tubes were
held in the rack by 7 mm plastic rods and the . locking device. ~

For life history studies, a rack of twenty chamhifs was put into
each of Carp Pond,. Britannia Bay, and Lac Bourgeois on Ma& 9; 1972.
(Greely Pond was not investigated because it was first examined OE/gune 6,
1972). Eaéh growth tubelcontained one neﬁborn M. securis and Fﬁ;stratg
(1 cm deep) from the habitat in which the chambér was placed. \The“
lengths ofadults were measgred:at approximately two week intervals until’
their deaths. Newborns were counted and removed as they appéared'% .
in each chamBer. The numbers of litters produced by eacﬁjparent were
also noted. ’

Interpopulatign transplants were performed to detgrmine if the
~ growth rates, sizesnand numbers of ;itters produced, and 1 ngévity of
M. securis had envirommental or genetic b;sés, Newborn M. gégggig froﬁ

each habitat were isolated and maintained. in growth tubes in each of

the other habitats (except Greely Pond) as well as its own. Lengths
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of clams were measured at approximately two ﬁeek intervals until their
Aeaﬁhs. The litter sizes.and'the numbers 6} litters.produced were.alsb
_recorded. | -
Adults from Carpd%ond, Britannia Bay, and Lac Bourgeois were
also maintained in the laboratory. - Since M. securis would grow only in
the presence of tree foliage, only substrate and ieaves.from Carp Pond
were uged "Pyrex" dishes 100 mm diam x 50 mm ht. were used as growth
dishes. F;ve M. securis newborns from each habitat were put 1nto each of
three dishes. Three replicates were made of each dish containing 5
" M. securis, 50 g of air dry Carp Pond soil, 2 g of air-dried white elm

leaves, and chlorine

sree tap water. The lengths .of adults were recorded
atffrequent interv )M; d the~totalfnumber of young produced in eacﬁ
dish was recorded. |
(c) Culturing of M. securis in the laboratory - Culturing involves keeping
successive gfoups of newborns alive in.order to study their life cycles
(Heard, 1973). Only M. securis from Carp;éond were cultured. Culturing
was also done to maintain a supply of newborns for various ecological
studies. . |

Four generations of M. securis were studied. The first generétion.
consisted of newborns from Carp Pond that were maintained in growth
dishes for "substraté studies™ (pp. 84-88).: The newborns%?roduceq‘by
clams grown on 40 g éf soil were the second gene;ation and .were used in
the "“tree foliage experimeht"-(pp. 88-93). - Newborns produced in dishes
containing white elm leaves {of the tree foliage experiment) represented

the third generation and were used in the "soils experiment" (pp. 88-95).

The fourth generation consisted of newborns produced-in the dishes with

Carp Pond soil and black willow leaves and were used in the "road salt

© | ) .




-.experiment™, By referrlng to each of ‘these experlments, the life cycles

of four generatlons of clams. were determined.

v
Ecoiogical Studies L /
Standard procedures ~ After t:ying several ﬁethods, I found that the
combination of soil, leaves, and water wa3 the best medium for maintaining
M. securis in the'laboratory._ To standardize my technique, I folloyed the
procedures outlined below. | | '

With few exceptions, édults were .grown in 100 mm diam. x 50 mm ht.'
"Pyrex" dishes containing air-dried soil, air-dried leaves, and either
distilled or deionized watef.

Soiis were taken from. the upper 15 cm of forest floérs. The& were
then divided into 'lotsh according to tﬁe location and time taken. After
removings the macroinvertebrates, each'lot was air-dried, sieved through
a 2 mm mesh sieve, tabled and the mbisture content, pH, and calcium
contents determined on subsamples. Moisture contents were determjnec_i to
calculate the weight of air-dried soil which was equivalent to 50 g (the
weight of soil used in the Pyrex dishes) of oven-dried (105°C).soil. Only
air-dried soils were used in the growth expermments. A Fisher "Acumet"®
pH meter was used to determlne the pH of a water; soil paste. Exchangeable
calcium was extracted from 15 g of soil by washing the soil 1nto Buchner
funnels with 50 ml of 1N ammonium acetate at pH 7, followed by
three additional éliquots.of 25 ml each added successively after the
previous one pa;sed'through the soil. Calcium concentration of the

extracted soil solution was determined on a Jarrell-Ash Atomic Absorption

Spectrophotometer, u51ng standards prepared w1th the extractlng solution

and 1200 mg/1 La as an /interference 1nh1b1tor (Pawluk 1967)+ " A low.
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coefficient of variation of 2.2 for five replicate samples of Carp Pond

.'eoil indicated exceptional reproducibility.

The calcium content of leaf material was detenmined onvpreweighed
samples of leaves that were ashed overnight in a muffle furnace at 580°C
Ashed samples were moistened w1th distilled water, dlssolved in 2N HC1,-
diluted to known volume, and then filtered. Calcium concentration of

the filtrate was determined on a Jarrell-Ash Atomlc Absorptlon Spectropho-

s
tometer, using standards prepared with 0.25N HCL and 1200 mg/l of La

as an ipterference inhibitor. A low coefficient of variatioh of 0.98
for five replicate samples of white elm 1ea§es indicated exceptional
reproducibility.

As a standard procedure for malntalnlng M. securis in ecologlcal
studles, "Pyrex'" dishes were prepared with 50 g (oven-dry basis) of air-
dried soil, 2 g of elr—drled black willow or white elm leaves, and
distilled or deionized water to capacity of each dish. iAfter allowing
one day for equilibration, pH and calcium hardness were determined and
five, premeasured newborn ﬁ. securis were then added. The pH was detepmined
with a pH color disec and wide range indicator and the calcium hapdness
with the D.R.E.L. Hach Water Chemistry Kit. At approximately two week
intervals, Lhe lengths‘of ail adults were measured with a microscope
micrometer. The number of newborn produced.in each dish was recorded at
the>end of the experiment An experlment ended when at least 75%

(usually 1002) of the adults were dead.

Temperature - To determine the TLm (median tolerance limﬁt) of M. securis
to temperature, several size classes of adults were subjected to 26°C, 30°C,
and 35°C for various intervals of time. Adults were taken from Carp Pond

at 18°C and divided into size classes of lengths 1.50 - 1.99'mm3 2.00 - 2.99mm,

“

. : .s
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3.00 - 3;99 m, 4.00 - L.99 ;m, and 5.00 - 6.00 mm, Three to five adults
| of each -size class were. put intoc a dish contalnlng soll,,leaves, and
water from Carp Pond. Each dish was replicated six tlmes and then
floated in a water bath heated with an‘aquériﬁﬁ heater. Two other
~ replicates were used as cgﬁtrols and kept at 18°C. ‘The témperétuie of
the water bath was slowly ralsed to 26°C 30 cC, and 35 C Two dishes
were removed after 60 min, at each temperature. |
Adults were also grown in constant temperature rooms at 5°C,
lOOC, 18°¢, and 25°C. %her’bonditiohs, such as light intensity, appeared
to be‘similar in each room but were not measured. Replicates of £hree
dishes at each temperature were made and growgh data on M. securis were
recorded according to standard procedures. |
Volume of soil - To determine if different amounts.of soil affected thé
growth and natality of M. éeéuris, hewborns were grown on 20, 40, 60,
80, 100, ahd 120 g of Carp Pond soil and 200 ml of distilled water.
Three replicatesl oi‘ each volume of soil were made. The growth and
natalities of M. secu;is in each -volume of soil were determined according
to standard procedures,
Soil texture - To determine if soil texture was éffeéting the growth of
M. securis in Britannia Bay, adults were grown on four size fractions of
sediments. The sediment was taken from the 2 m depth of Britannia Bay
where the soil particle size ranged from 0.050 mn to > 2.00 mm. After
air drying, the sedimenﬁ was sieved into size fractions of 2.0.050 mm
(silt and clay), 0.050 - 0.125 mm (fine sand), 0.125 — 0.50 mm (zpedium ‘
to fine sand), and 0.50 - 2.00 mm {coarse to very coarse sand). Macro—

invertebrates were removed and then each size fraction was prepared

according to standard procedures in replicates of: three but withdut

~
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the addition of leaves. After one morith the newborns had not grown in’
any of the dishes so 2 g of elm leaves wers- added to each dish. Another

three dishes were prepared contalnlng only leaves, water, and newborn

R M. Securls from Brltannla Bay. 3011 analyses and growth studles were

perfonned according to standard procedures.

Tree ;ollage - Io determine if the tree foliage in ponds of the deciduous
and coniferous forest regionswere affecting the growth“and natalify of

M. securis, adults were grown on eight species of leaves characteristic

of each forest region. Only freshly'fallen leaves were used. The leaves

tested were white elm (Ulmus americana), black willow {(Salix nigra),

9 -
trembling aspen (Populus tremuloides), white birch (Betula papyrifera),

red maple (Acer rubrum), red oak (Quercus borealis), white spruce (Picea

glaucg)}, and white cedar (Thuja occidentalis). The taxonomic keys inxgp
White (1957) nere used to identify‘the leeves and trees. ‘Ueing soil

from Carp Pond, three replicates of each leaf species were tested according
to'standard procedures.

Different soils - The effects'of"different soils were tested to complement
the tree foliage studies above. Five soil samples from forest stands of
wiilow—elm, birch-aspen, oak-maple, white spruce, and white cedar were
prepared in’replicates of three according to standard procedures. Leaves
in fhe-litter of ea¢h soil were used. Soils witn nwo.forest species'were
tested with each snecies of leaf litter. In addition, birch-aspen eoil
was tested with leaf litter from white spruce trees. The growth and
natality of M. eecuris on each soll was determined aceording to standard
procedures.,

Sulfate - Tzi/effect of sulfate on the growth and natality of M. securis
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was determined by maintaining adults in sulfate concentrations of O,
20, 40, 60, 80,.100, 200, 300, 400, gmdlsoo mg/l. Growth and natality
of M. securis in each concentration was determined according to standard
procedures. | - |

The sulfate content of Carp Pond soil; used as a substrate‘in
" this experiment was determined by a modified turbidimetric technique of - )
Toennies and Bakay (1953). Two‘solgtions were required. (l) A LOF
ethanol-glycol mixture was prepared by mixing 450 ml of absolute ethanol
with 550 ml of dipropylene glycol. \é 400 ml aliquot of this mixture
was addqd to 500 ml of suifate-freé water, After‘adding 9.5 ml of szO3
(sp. gr. = 1.42), the mixture was cooled and diluted to 1000 ml with
sulfate-free water.' (2) A barium chloride Mfolution was prepared by
fi%ﬁering a 1.34 M barium Mloride solution through a fine sintered glass
filter. A 6 ml aliq;ot of filtrate was diluted to 120 ml with sulfate—
free water-and made up to 200 ml with 40% ethanol-glycol.

A calibration c¢i»ve for sulfate was prepared from standards
containing 0, 10, 20, 30, 40 and 50 mg/l of sulfate. Six prestandards
of 0, 20, 4O, 60 80 and lOO mg/1l of sulfate were prepared using 98%
sulphuric acid and sulfate-free water., A 5 ml aliquot of each was put
into test tubes containing 0.2 ml of 6N HCL and 4.8 ml of BaCl, solution,
. thus reducing the prestahdard concentrations of sulfate in half. The
contents were mixed and allowed to stan& for 15 minutes., The O0.D. (optical
density) was measured at 420 mp in an automatic Coleman Model 10 Spectro-;
photometer using the 0 mg/l standard as a blank.

Five, 500 mg samples of d?ied soil were addéd to 25 ml test tubes

containing 2.5 ml of sulfate-free water‘and 2.5 ml of 40% ethanol-glycol.
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The mixture was stirred, allowed to stand overnight, decolorized'with
activated charcoal allowed to stand again for at least 12 hours, and then
filtered - Thé filtrate was diluted to 5 ml with 40% ethanol-glycol and.

- tested for sulfate by the procedure descrlbed for obtalnlng the callbratlon
curve. Sulfate concentration was expressed in mg/l.

Road salts ~ To determine the effect of road salts:pn the growth and -
natallty of M. securis, newborns were grown in various concentrations

of rock salt, caldéium chloride (CaClg) and sodium chloride (NaCl). ~ The
rock salt was obtained from the storage sheds of the Ontario Department

of Highways./ The chemical composition (by weight) of the rock salt as
specified by the Ministry of.Transportation and Communications of Ontario
(pers. coﬁm.) had a moisture content of less than 0.5%; a sodium chloride
content of more than 96.0%, and insoluble matter of less than 4.0%.
Concentrations of 200, 400,600, 800, and 1000 mg/1 of each salt were

made using deionized water. Growth dishes were prepared with each'salt
concentration aecording to standard procedures. Three control dishes (i.e.
soll, leaves, and deiohized water) were also prepared. Standard procedures
were used to determine the growth and natality of M. securis in each '
salt concentration. | GF" 'K )
Pollution studies - Gr?wt}: tubes were used to maintain M. securis _

below industrial and municipal sewage outfalls. Twenty growtly chambers,
each containing one newborn M, securis from Britannia Bey; were placed

at each distance of 50 m, 330 m, 700 m, and 1000 m below the(éutfalls (Mackie, 147) of
a pulp and paper plant. Another twenty chambers were p;aeed iﬁmediately
upstream of the outfalls as controls. Twehtyitubés were also plaeed 1.6

kn below a slaughter house and several raw sewage outfalls; growth tubés P :

| N
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placedﬂin Britannia Bay were used as controls. 3A1i1gr6wth tubes were
placed iniless than one metér of watef. The growth in length of M,
securis was measured at approximately two ﬁeek intervéls;‘ The number -

of young produced‘bj parents in each tube was .recorded at the end of

the experiment.'

Population dengitiés - To.show the effects of different densities on .
the growth and natality bf_M, gecurls and to determine the hoiding
capacity of the growth dishes, newborné were maiptained at densities of
5, 10; 20, 30, and 40 per dish. Dishes were prepared in replicates of
ﬁhree‘for each density according to st;;;;rd procedures. It waé beyond
the scope of this study to isoiate the factors for which M. securis
individuals were competing. Growth and natality data were recorded
according to standard procedures. | - '
interspecific competition - Field experiments were parried ;ﬁt to determine
if interspecific compétition“was occurring ﬂetweeﬁ M. securis and M.
transversum in the shore-and deep water zones of Britannia Bay. Growth
tubes were used to maintain'the species. The density of adults used in
the tubes-wasé;hosen on the baéis that M. traﬁsversum occurred in den-
sities of up to 1500/m? in the shore zones of Britannia Bay. Since clams
were frequently found-on the inside walls of the growth tubes, the swﬂhc:.of
- a tube was taken to be'the total inside area {(i.e. 123.5 cmz). Therefore,
a total of 20 clams was added to each growth chamber to make the density
of clams apﬁroximately equal to that in the natural hﬁbitat. The ratios
of M. transversum to M. securis used were 19:1, 18:2, 16:4, 10:10,

' 4:16, 2:18, and 1:19. Two additional tubes were prepared as controls

with 20 M. trdnsversum in one and 20 M. securis in the other. To deter-

mine the effect of smaller densities, ratios of 9:1, and 1:9 were prepared

A\ N
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with their controls of 10 M. transversum and 10 M. securis in four sep-
arate tubes. Replibates'of six'ﬁgre made 6f each combination of clams,
threes of thch-Qere placgd.in the 0.3 m depth &nd the other three iﬁ the
3 m depth, In a¢dition, five newborns of each species were isolated.into
growth cﬁambers‘at each depth. The growth in length of each individual
and the numbef of yoﬁng produced in each growth tube was recorded at
approximately two week'inférvals. .

Estivation of Musculium securis - Fifty core samples were .taken from
Carp Pond in September; 1971 to determine the correlation between the
diétribution of M. securis and the magpitudes of various edaphic factors.
Since-ﬁ. securis estivated in the top 1 to 8 cm of soil, only cores of

8 cm in depth were taken. The_number of M. securis, the pH, and the
moisture content were deterudhed for each core sample. To obtain a
surficient‘sample size, some cores wére pooléd for determinations of
C.E.C. (cation exchque capacity) and organic matter content. The

pH of soil paste, moisture content, C.E.C., and 6rganic matter content

of soil were analyzed according to procedures in Moodie and Koehler
(1973). .

<
Food Habits

The food habits of several sife classes of adults were determined
for thé four populations of M. securis,. Adults from the life history
studies wéré’used. Usually the intestinal conténts_were examined Becauée
the'stomapﬁs were often empty, The division of adults into size classes
was based on the differences in the quality of food in the intestines.
The genera of algaein the intestines were identified by Dr. R.K.S. ILee
of'the National Museums of-Canada, Ottawa, Ontario, ° -

) s
The food habits of M. securis in the laboratory growth dishes
| .

i
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were also studied. Foiiar,leachaﬁg was prepared by allowiﬁg 12 g of white-
elm leaves to decoﬁppse for two months inAeach_of four beakers coniaining
900 ml of distilled water. Two months was choseﬁ as the time inter%ﬁl'
because it tock M. securis this period of time.to grow.énd reproduce. |
After tw§ months Qad elapsed,.thé volume in each beaker was brought up

to 1200 ml'with distilled water. The leachatelwas then either-filtered
‘through No. 1 Watman Filfer Paper, autoclaved, or left unaltered. Ali-
quots of 300.ml'of the treated leachates were added to 50 g of either
autoclaved or untreated Carp Pond soil in the following manner: = (A)
autoékaved soil with.tl) unaltered leachate and leavés, (2) unaltered
leachate less leaves, (3) filtered leachate, and (A) filtered and auto-
claved le§chate; (B) untreated scil with (1) unaltered leachate and leaves,
(2} unaltered leachate less leaves, (3) filtered leachate, and (4)
filtered and autoclaved leachate. Three replicates of ééch'éombination

of leachate and soil were méde. Five M. securis were added to each dish
.gnd their growth was measured atrapproximately two week intervals., Water
samples‘from each dish were examined periédically for microorganisms.

Some adults were sacrificed near the end of the experiment for analyses

of intestinal contents.

Stétiﬁtical Procedures’
Dr. S; Walters of the University of Ottawa, ﬁa conylted for
the statistical treatment.of data. 'Since all growth cdrves of M. securis
reachea an asymptotic value on approximatély the 70th day, asymptotic
regresgxin formulae were fitted to the growth data. The modified
b o .
exponentgal, Y = A +.BRX, gave the best fit to hypgibqlic growth curves

but transLeneration of this regression to the logistic equation, 1/Y'=

A + BE, %ave the best fit to sigmoid growth curves. The coefficient, A,
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is the asymptetic value or.the.maximﬁmllength (mm) attained, ﬁ‘is the
distante between the asymptotlc value and the value of Y when X = 0
and R is the ratlo of successive,differences along the curve.

" The loglstlc regre531on is merely a modlfied exponentlal in
terms of the recmprocals of the Y values. That is, A in the logistic
expressien equalsrl/A of ehe modified expohential (when X = 0-and B = O).‘U
Mso, B of the logistic equation equals l/YV— 1/A ef the medified
exponential (ﬁhen X = 0). Therefore, to compare coefficients between
the two curves it is necessary to make the appropriate conversions. A
Fortran computer‘program was esed to calculate the asymptotic regreesions
of M. securie in all growth experiments. The program is'calied WEMD
O6R" and is described by Dixon (1971, PP. 297-311).

" Results of the ecological experiments are reported‘%n figures and
tables. There were no significant differences (P> 0.05) in the _growth
of M. securis between repllcates, as determined by the Studentts t test
(Simpson et al., 1960, p. 176) on A and B of the reéressmons. Therefore,-
the gipyth curves of M, securis are plotted as average observed growth

in length within repli'cated dishes, Slgnlflcant dl{ferences between

' mean asymptotic values : (A) and between growth increments since blrth (8)
g

L

of &1£ferent growth curves are presented in tables. However, as indicated
above, it was necessary to make the appropriate inversions of the
coefg;eienﬁs of the logistic expression to al;ew a cemparison of these
values with those in the modified exponential. Therefore,‘the A and B
values of.'the logistic expression 1/Y = A-+4Bﬁx, were re~inverted so thidt

=1/A (X =0, B=0) and Bt =1/(1/Y - A). The inversions are .
indicated in the fablee with the expression l[g'ﬂ= A + B!Rx.

Also‘appearing in the tables are the méan natalities of M. securﬁe

\ "%



in repllcated growth dishes (and growth tubes) All means .side-scored

by the same 1line are not 51gn1f1cantly dlfferent at P=0. 05 &

0 msuss ///
Physics and Chemisfey of Water"." .}“*~;~__, o
' The four hablitat} differ widely with respect to water quality.

Generally the magnitudes of the diffefent physical and chemical parameters
‘are largef and show greater seasonal fluctuatiens in the teﬁporary and
peﬁmanent pends than in the river habitat. Some of theseafluctuatiens
can be attrlbuted to differences in the average yearly ralnfall The
Weather Bureau of Obtawa recorded 23 -45 in. (59.6 cm) in 1970, 21.28 in.
(54.1 cm) in 1971, and 33.61 in. (85.4 cm) of rainfall 4n 1972. In 1970
and 1971 Carp Pond dried up by the end of July but in 1972 water remained
in the pond all year as a result of the large amount of reinfall.

Ice had melted from the temporary ponds by early May in all
three years of study, from Lac Bourge01s by mid-May in 1971 and 1972
and i‘rom Britannia Bay by late May-in all threé years of study. Thls
resulted in approximately a two week lag in the rate iemperature
increase'iﬁ Lac Bourgeois aﬁd a four week lag in ﬁritannia Bay compared
to Carp Pond aﬁd Greely Pond (Fig. 14). Also, the large amount of rainfall-
in 1972 probably accounts for the lower maximum temperatures in'Qaeﬁ Pond -
than in previous years of study. | _

Large amounts of organic debris, mainiy leaf litte;, eause‘ﬁighlﬁ
colored-watere in‘the tempordry ponds (Fig. 15). .Increasing color of the

water in Carp Pond and Greely Pond coincides with decreasing dilution

as the eveporation of water progresses through the summer months and eith

leaf-fall in the autumn (October 1972, Carp Pond, Fig. 16). Conversely

) N




Fig. 14

Fig. 15

Fig. 16

. Greely Pond (*++-+ 0), Britannia Bay (—

Seasonal fluctuatlons in temperature in Carp Pond (—————- o)

Greely Pond (..... ), Britannia Bay/(———m~ 4 ), and Lac

-Bourgeois (-—-—~ *).5

&

-

Seasonal fluctuations ih color of water in Cafp Pond

(—— @), Greeiy Pond (vreee 0), Britannia Bay ( &)
and Loc Bourgeois pf—- ),

. .

A |
Seasonal fluctuatlons in’ conduct1v1ty in Carp Pond (— "),

A), and Lac ~

' Bourgeois (e %),i
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decreasing color of the water is correlated with increasing dilution

" “from snow-Ielt 'and from raiﬁfall.:

-

Unusually large conddctivities occur iggéreely Pond (Fig. 16).

/. can probably be attributed to road sedts_whicﬂ are either washed
into the pond from the road after a heavy rainfall.or are distrdbuted
dnto the .pond during salting operations. Calcium chloride is used on
the roads during the surmer ‘months (to keep dust dodn) and probably
sodium chloride during the winter donths. ' | |

. Using the‘technique.described on page 33, it was found that the
total alkallnlty in each habitat is due mostly to bicarbonates. The
. seasonal fluctuations in total alkallnlty (Fig. 17) are, therefore,
related to fluctuations in bicarbonate ions and hence fluctuatlons 15
" the concentrations of carbon dioﬁde'. At ‘high concent-rations oi‘ carbon T~
ledee there- 13 a correspondlng rise in the hydrogen ion concentratlon
and in the concentratlons of carbonate and blcar;onate ions (Hutchlnson,
1957). Since the concentratlon of oarbon dioxide is probably 1nversely
related to that of dissoived oxygen (Fig. 18), the total alkalinity‘isr
also 1nversely relat‘ﬁ to oxygen (cf:. Flg. 17 and 18). The-concentration
of carbodate and bicarbonate ions is 'a measure of hardness so that both
calc1um hardness (Fig. 19) and ‘total hardness ‘(Fig. 20) are dlrectly
related to the total alkallnlty in each habltat._ High concentratlons of
of calcium chlorlde from road salts probably account for the high total .
alkalinity (Flg. 17), calcium hardness (Fig. 19), and total hardness
(Fig. 20) values in Greely Pond. Greene (1971) has shown that pond soils
absorb calclum from pond water uritil the requlrement for calcium carbonate
in the so*l is “satisfied". ThlS may explaln the lower calcium hardness

[
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. i | _ v
values (and hence total %grdness) during the summer months ;n thg
temporary ponds.i'

The solubilityfaf oﬁygen increéses with deqyeasing tempefétufes-
 until the'ﬁinter ménths when biological and chemicai processes under
ice-cover deplete or lower the dissolved oxygen levels (cf. Fig. 14 and
18). ‘Britannia Bay is at least 80% saturated w1th oxygen durlng all
seasons except the winter when oxygen saturation falls to approxlmately‘
3§%. The fema%ﬁing habitats are 55—70% saturated with oxygen in the
spring but usually have less than 33% in the summer months.

‘Iion_(Fig. 21) and orthophosphate (Fig. 22) becoﬁe\;?creasingly,
soluble with decreasing oxygen tehsions (cf. Fig. 21, 22, and 18). The
high concentrations of iron ﬂ;;bably al;o contfibute to the total |
hardness yalues in the»boﬁd habitats. Concentrations of béth iron and
orthophosphate are lowest in Britannia Bgy.

| Sulfate beéomés increasingly more soluble with increasipg oxygen
tensions in all habitats_(cf. ?ig. 23 and 18). There is an iﬁerse‘
correlation with totél alkalinity:_ Sulfate conéeﬁt;ations‘are high in
the spring and fall and low in summer and winter whiie total a%kalinity
is low in the spring and fall and high in thé-sﬁﬁmer and winter (cf.
Fig. 23 and 17). Mann (1958) and Tucker (1958) in studles of British
ponds_found the. same phenomena: they attribute decreaslng sulfate content
to- the reductlon of sulfates to sulflde as ferrous sulfide. Decrea51ng
alkallnlty is attrlbuted partly to the action ?f sulfurlc acid when sulfide

&

1s reoxidized, converting a portion’of the“éalcium bicarbonate to

-

caléium sulfate.




Fig. 21

Fig. 22

Fig. 23
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Seasonal fluctuations in iron content in Carp Pond (;

Greely Pond (-++-+ 0), Britannia Bay (

4), and Lac

Bourgeois (——— x).

~.

Seasongl fluctuaﬁions'in orthophqsphate‘content in Carp Pond

( ®), Greely Pond (-++-- 0), Britannia Bay (
and Lac Bourgeois (R _ S

4),.

Seasonal fluctuations in sulfate content in Garp Pond (

Greely Pond (----- o), Brltannla Bay C——————A) and Lac’

Bourgeois (——-—- %)
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Life Historj;
A o
Growth ¢

The relationship between growth in length (of shell) and dry . '
weight of M. gsecuris is shown in Fig. 2. Shell weight accounts for
over 90% of the total weight. !

THe seasonal size-freqnency distributions of ﬂ.. securis .i% Csfp
Pond for the three years of study are shon'rll in Fig. 25. Parents 1;1 the
‘first collection (May 25,Ji970).were_srbitrarily designated £he P1.
‘(first,\"p's.rental) generstiOn.-' Larvae contained w:LthJ.n t‘r;xsse parents were
called the F1 (first fetal) _gensration.. ‘The samplg of May 25 ¥as unimodal
and the shift of this modg:wa’s ,sasy t.o—f‘gllow in the frequency plots
throﬁghout the year. Parsnts of sise class 9 were! present in lats May.
but were not gravid unt.il mld-—-Junq :Lndn.catlng that gravidity was a
function of ‘both incubation time and size of‘ parent.

A P2 generation (size class L, Fig. ‘.25;) appeared in early July
giving the sample a'bil'nodal distr.i".bution.' Bimods:lity occurred ‘only in
the month of July with the PL generat:.on dylng in late July or early
August when the pond was d.prlng up. &ﬂy newborns (i.e. size classes
3, 4, and 5) sstivsted duri'ng {,he summer months. Wa.ter appeareci in the
pond again by Nowvember 15 and the newborns hibernated until early May,
1971 when growth ensued S:Lm:Lla.r events occurred in 1971 as in 1970 with
EPB generatlon appemng in late June. [The spring and summer growth of
‘M. sec is is exemphi‘led by plott:Lng mod.% of the frequency plots in. 1971
(Fig. .26). - - ' S .

In 1972 a. P4 g;neratisn appeared in mid-July as in p‘revious ;vears.‘

but the pond did not dr&fup and the bimodal distribution persisted until
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A

Fig. 2, Relation between total weight and shell length (Y = 1.86 - 1.63X

+ 0:47X%, N = 80, r = 0.91) and shell weight only and shell length
a . . N .
(Y =1.96 - 1.57X + 0.42%°, N=80, r = 0.97) of Musculium securis.

i



TOTAL WEIGHT and SHELL WEIGHT ONLY mg

181

e
[}
1

X

124

2

o o)
1

— ———0 TOTAL WEIGHT

O SHELL WE!GHT OQONLY

-t g
N
[P

T T

LENGTH  mm .

mu

~
2




Fig. 25 Seasonal si2e~frequency distribution ‘of Musculium securis in-

Carp Pond for three years of study. Size classes 1-12

represent length’increments of 0.50 mn; size class 13 is
; S :

Jengths greater than 6.50 mm. - Shaded areas_indicéﬁe-gravid
adults, 4 ’ B .
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Fig. 26° I"‘reciuency plots of modes éhqwj,ng growtl of Musculium sSecuris

§—

591 .

&

&-

for one year in Carp -Pond (1971-72), Greely Pond (1972-73),

Britannia Bay (1971-72), and Lac Boiwrgeois (1971-72).
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_mid- October. Moreover, growth of the PA generation beéhn in late August
'so that the hlbernatlng generation consisted of several size classes
of adults. _ : S s | N

The seasonal ;ize—frequency disﬁribﬁtiohOOf,ﬂ. securis in
“Greelyl Pond (Fig. 27) is similar to that ip Carp Pond in 1972-1973.
Newborﬁs'dominate the hibernating'geheration but several other size .classes
are also present. The spring and summer growth of. M. éecuris in Gfeely
Pond appears to be almost identical to that in Carp Pond (Fig. 27).

Samples collected from Britannia Bay in 1970 exhibited a bimodal
distribution of size classes for the P1 generatlon This bimodal character
is more clearly seen in the P2 generatlon of 1971 samples (Fig. 28)
and indicates the presence of two generations._ However, on the basis of
calyculism, only one_generation was présent until June 24 but the pop-
ulation consisted of slow-growing (mode a) and fast-growing (mode A)

.'iﬁdividﬁgls. Measurements of the 1éngths of calyculae.showed that the
newborns bofﬁ at lengths greater than 1.35 mm %ad growth rates similar
to those of other popﬁlatioﬁs while those born at less than 1.00 mm
appeared to have much slo&er growth rates. ‘fhis~is,more clearly revealed
by plotting modes (Fig. 26) of the seasonal size-fféquency distributions:
The four week lag in growti of M, securis in Britannia Bay can probably
be attributed t; the lag innéemperaﬁure increase (Fig. 13).

A trlmodal distribution w1th modes. a, A, and B occurred in samples
collected on July 15, duly 29, and August 17 (Fig. 28) The thlrd mode
'(B) represents the P3 gene;atlon. Mode B was also composed of slow-
growing (mode b) and fast—grbwing (mode B) individuals which are clearly

seen in the sample of July 5, 1972. The fast-growing adults were not

b
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Fig. 27 Seasonal size-frequency distribution of Musculium securis in

Greely Pond for one year of study.. Size classes 1-12
represent length increments 6f 0.50 mm; sige class 13 is

lengths greater than 6.50 mm. Shaded areas indicate gravid
adults. .
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Fig. 28 Seasonal size-frequency distribution of Musculium securis in

Britannia Bay for three years of study. Size classes 1-12
represent length increments ofﬁO.EO mm; size class 13 is
lengths greater than 6.50 mm. Bars with vertical lines

, indicate newborns. Shaded areas indicate gravid adults.
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gravid until they atéained‘léhgths of 5&5924;00 mm while slow-growing
adults were gravid at lengths of 2.50-3.00 mm. Mode A had disappeared

by September so'that only slow-gqowing ihdibiduais of the P2 generation

and newborns of the F3 genératign were present, However, some members

of the P3lgeneratioh hédAgroﬁn to maturiﬁy by late September, as indicated
by the‘absénce of calyculae. The hibernating generatioh thus con;isted
of newborns of the P3 generation and also of a Py géneration.

These results were confinned by the haintenancé of adults in
growth tubes in Britannia Bay. Newborns from the P2 generation with
calyculae longer than 1;35 mn had grown rapidiy (Fig. 29) but some had
produced young precociously early in July. These precocious young ﬁad
grown to mgturity by September to produce another generation. The
newborns of this new generation were significantly smaller (P@(LOS)
in lengths than those of the oriéinal (P2) generation. It, therefore, Cl\
Jppears that newborns of Jlengths less than 1.00 mm were from uncalyculaté
parents. The grpwth rates of a@ults with calyculae of lengths less than
1.25 mm in the growth tubes Qere significantly slower (P40.05) than those
of lengths greater than 1.35 mm and did not produce &oung. | “

A bimodal'size-frequency distribution (modes A and B, Fig. 30) was
characteristic of the fall and winter populations in Lac Bourgeois. The
relative proportions of newborns, .calyculate, uncalycu}ate, and annulated
adults in the samples are shown in Fig. 31. The fall and winter populations
must have been born in the summer months of 1971 since calyéulae were
absent on the adults. Spring and swmer populations of 1972‘consisted
of calyculate adults that were born in the fall and/or winter of 1971, and

of uncalyculate and uncalyculate-armulated adults that were born in the

\




6ii,

Fig. 29 Growth of Musculium securis from Carp Pond, Britannia Bay, and

Lac Bourgeois in growth tubes placed in respective habitats.

Day O = May 9, 1972.
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Fig. 30 Seasonal size-frequenéy distribution of Musculium securis in

Lac Bourgeois for one year of study. Size classes 1—i2
represent length increménts of O.SQ mm; size ciass 13 is
lengths greater than 6.50 mm. Shaded afeas'indicate gravid
adults,. |
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Fig. 31 Diagram showing the seasonal occurrence of newborns » uncalyculate
: st
adults) calyculate adults, and annulated adults of Musculium
secyr®s in Lac Bourgeois. First collection was made on October

! 10, 1971.
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| summers bf.l972_and 1971, respécf%vely. Thgl?odes ﬁhérefore repreéent
adults born.in .the summer months (ﬁode A) e}n& adults-born in the fall
and winter months (mode/B): By Febfuaxy‘l9, all parents had released -
their extra—marsqpig};larvae so that modg A'.probably represeqts the
bir?h of second (ané third) litters of e;trafmarsuﬁial larvae. Mode B!
représents adults that wére probably born in late July. Presumably,
mode B dlsappeared and the size-frequency distribution in October, 1972
would have been 51mllar to that of October, 1971.
Plots of the mode B (Fig. 30) show that the growth of M. securis
during the spring and sumer in Lac Bourg301s was rapid. and did not
appear to differ from the growth of clams in other populations except
the sléw—growing adults of Britannia Bay.
Birth period§ _ -
The Carp Pond population displays only one birth period. In
1970 and 1971, birth of extra—mafsupial larvée occurred immediately
before Fhe disappearance of water (i.e. late July) from the ﬁénd. Upon
birth, the newbo;ﬁs burrow 1-8 cm below the soil where they estivate until
November. I_n 1972 the birth period extended from late July to mid-
October when most parents died in both Carp Pond and Greely Pond (Fig.
25 and 27). _
There are two bifth periods in‘Britannia‘Bay. Some young are
born in July-August. Those born;in eariy July grow rapidly to produce
a litter in Septemberi | | |
Births occur throughout the year in Lac Bourgedis although new-
borns dominate the winter population suggesting that many births

occur in late fall or early winter. Another birth period probably
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occurs in July 31nce the Angust 8 collectlon (Flg. 30) was domlnated
by size class 5. . '

Malntenance of adults in all habitats, except Greely Pond
supportathe above results. Blrths occur in the growth tubes during
late July in Carp Pond early July and mid-September in Brltannla Bay,
and late July in Lac Bourgeois. The newborns born early in Br1tannla
Bay growhh tubes, g;?w rapidly to produce a mid-September litter.
Similar results are obtained,when adults from Carp Pond and Lac Bourgeois
are trapsplanted into Britannia Ba} and;when-newborns from éach of these
populations are ﬁaintained in the 1aboratory.- Therefore, the birth
period usually occurs 60-70 days after the onset qf growth of the new-
borns. | | |

The earliest newborns are usually born with a smaller size than
those born later in the temporary habitats and with a larger size than
those born later in the permanent aquatic habifats. Newborns born in
early July in Carp Pond and Greely Pond are of size classes 3 and while
those born later are of size class 5. Conversely, newborns born in °
early July in Britannia Bay are of size classes 3 and 4 while those born
in late summer are of size class 2. |

The births of 28 extra ; upial larvae were observed for seven
- parents. It\égok one parent approximately 18 minutes to release four
young. All parents had released thei¥ young within 45 minuteé.. During
the birth of young, the parent. usually lwm on its side with the valves
Silghtly gaping and the siphons either fully extended or relaxed. Prior
to birth, the extra-marsupial larvae move almost contlnuously within the

parent. Thls action may sever the attachment of the byssal stalk from

the foot of the larvae., The extra—marsupial larvae are always released

L
L]

e
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R via the andl siphon and ﬁsually "héad-firs£"; In fhis,maﬁngr the foot
of the larVaerusually precgdes the body propgr‘and‘grasps either ?he.
parent's shell or fhé'substrate fo pull itself.out. If the larvae are
released with the posterior end first, the parent appears to Mspit"
them out by first extending its siphon and then Suddehly retracting it.
It is not known what factors are responsible for inducing birth of extra-
marsuplal larvae. |
‘Seasonal gonad activity

The gonads of newborns are small and often difficult to locats.
Primary oocytes are often seen in newborns that have estivated“aﬂd/br
hibernated in Carp Pond and Greely Pond but neither cogenesis nor
spermatogenesis is strongly apparent (Fig. 32-1). Gametogenesis does
not appear to begin until growth of adults ensues in the spring. At
this time the ovary appears to be in further stages of development than
the testis. (Fig. 32-2). Throughout May, June, and early July, both
fully developed 6va and sperms are present.but there is no evidence of
increasing gonad activity with time (Fig. 32-3, -.v;, -5, -6). Sperma-
togonia and spérmatocytes are readily visible and usually fill the entire
follicular cavity. It is not until late July that spermatogenic activity
is maxdmun (Fig. 32-7). In late-July specimens the spermatozoa are
usually found in the central lumen of the testicular follicles (Fig.
32-7) where the tails of the.sperms are ciearly visible“(Fig. 32-8).
Frequently the testis is so lafge in these late‘July specimens that_the
‘ovary cannot be located.

There appear -to be no major differences in seasonal gonad activity
between the four haBitats. However, the smaller size classes of slow-

growing adults in Britannia Bay are usually in the same stage of gameto-

N
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Fig. 32 Photomicrographs of seasonal gonad activity in Musculium securis

in Carp Pond. DO developing ocogonia, I intestine, PO primary
- cocytes, ST spematozoa,‘ST‘I‘ tails of spermatozoa, SY spermatocytes.
L. October 10, 1‘5’70. Length of parent 1.70 mm. 500X,
2. May 20, 1971. Length of parent 3.35 mm. 500X.
May 30, 1971. Length of parent 3.76 mm. 500X, - °

. June 1, 1971, Length of parent 4.65 mm., 500X.

. July 12, 1971, Length of parent 5.68 mm. 500X.
- July 26, 1971. length of paremt 5.75 mm. 125X,

3
4
5. June 28, 1971. Length of parent 5.22 mm. 500X,
6
7
B Same as no. 7 but 500X.
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\ genésis as larger éi;e clgéses of fast—growing-adults of the samé‘age;
This indicates that gametogenesis is more.a function of time than of
size of parent. In specimens over 4 mm in 1engtﬁ cdilécted between
N&vembgr and April fromlLac Boufgeois, the testicular follicles show -
evidence of 'a decided reduction in spermatogenesis and primary cocytes
are usually absent in the o;aries. The central lumens of the ovaries
and testis are devoid of gametes so that gametogenesis probably does not
occur during the winter months.

_ Although there are variations, gametogenesis is first apparent

in adults of size class 5. The testis greatly dwarfs the ovary in adults

Iarger than size class 11. On the baéis of the earliest appearance of

primary sacs, eggs are first fertilized in adults of size class 5.

Number of brood sacs and larvae per sac

Damibrénchs within a parent usually cont;in the same number of h
bfood sacs. A maximum of three'brood.sacs per demibranch (i.e. six
brood sacs per gill) is usually found but four brood sacs also occur,
although very rarely. The total number of brood saégaper gill varies
with the size class and age of the parent (Fig. 33).

During the summers of 1970 and 1971, only parents lérger than size
class 9 of the Carp Pond population contained é brood sacs (Fig. 33a).
By late June extra-marsupial larvae are present but 6 brood sacs also
occur indicating that a total of 8 brood sacs (i.e,.2 primary, 2 secondaxy,
and 4 tertiary) are préduced. This is probably the average madci mum
number since only four brood sacs per gill (ine. 2 secondary'and 2
tertiary) are found in parents taken at the end of July. In 1972

when the pond did not dry up, the same phenomena occurred {as exemplified

) N
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33 Total mmber of brood sacs per gill in parents collected between
(a) May 10 and July 26, 1971 from Carp Pond, (b) June 6 and
September 2, 1972 fram Greely Pond, (c) May 28 and August 11, 2971
from Britannia Bay, and (d) May & and September 20, 1972 from Lac

J
Bourgeois. Each size class interval also represents 100%
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" by results from Greely Pond, Fig. '33b) and new sacs were not produced in
* : 4 . 7 /

late sunmer. Therefbre,_fhe‘extendgd aquatic season has 1i§;le'zifiii////,/”’
_on the total number of brood sacs produced although moré brood sacs o:i‘ :
mature (i.e. 4 b;odd“sacs per gill reméined"if/igzgfandfigai/;Aults but

2 remained’in the 1972 aduits).l' T “ -

T,
“ Six brood sacs are upgommﬁﬁ'in the Britannia Bay population and

.

are found only in Ju%y“(ﬁgg. 33c). There appear to be no major differences
in the total number of brood sacs between 1970,‘1971, and 1972 populations
of Britannia Bay. A total of six brood sacs are usually produced but |
only two brood sacs mature since four remain at the end of the sumer,
Size classes 5, 6, and 7 represent siow—growing adults wﬁich usually
produce a total of only four brood sacs (Fig.-3395. S e

Six brood sacs per gill are most common in adulés of size classes
larger than 9 in Lac Bourgeois (Fig. 33d) At least 8 brood sacs are :
produced by many parents since one lltter of exira—marsuplal larvae is
released and 6 brood sacs stlll remain by mid-September. Some parents
release another litter of exira—marsupla; larvae in the fall and many- -
still have 6 brood sacs per gill. Therefore, some paréits of Lac Bourgeols
produce as many as 10 brood sacs. per gill. | |

The numbers of ;arvae in brood sacs of parents from each popuiation
are given in Table 2. Primary sécs are not included because the embryos
are too small to be counted accurately. The total number of larvae in-
crpég;;‘with age of the parent indicating that the generative performance
increases with age. |

A significantly larger number (P40.05) of extra-marsupial larvae

oceurred in 1971 than in 1970 or 1972 in Carp Pond, Britamnnia Bay, and
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Lac Bourgeois. There ére no significaﬁt differences {P>0.05) in the )
humbers of prodissoconch larvae nor of fetal larvae between the 1§7b,
1971 and 1972 p'bpulations of Carp Pond and Britannia Bay nor 'bet;ween the
1971 and 1972 populations of .Lac Bourgeois. The numbers of each larval
stage in Greely Pond adults are similar to those in Carp Pond 'adults iA
1972. Smaller mumbers (P< 0.05) of prodissoconch larvae and of fetal
larvae are produced in the Britanria Bay populations than in other |
populations. Lac Boufgeois parents produced larger (P<0.05) numbers
of‘extra-marsup;al larvae in 1972 than did other populations in the

same year and similar numbers (P> 0.05) of prodissoconch and of fetal

larvae as ?arp Pond and Gfeely Pond in the last two years of study.

Number\of litters produced
_ Table 3 gives the percentages of adults that produced one, two,
or three litters in each population and for each year of study. There
are no significant differences (P>0.25) in the proportion of parents in
Carp Pond producing one and two litters in 1970 and 1971. Significantly
more (P< 0.005)parents pz-_oduégd two litters in 1972 than in previous
years of study in Carp Pond. The 1972 increase is att ributable to the
extendéd aquatic season since the déta\umt obtained from parents sampled
in August and September when the pond was usually dry. The data for | ’
1970 and 1971 were obtained from parents collected at £he énd of July,

just prior to the disappearance of water {rom the‘pépd. Parents of Carp
' : . : ~

and Greely Ponds produced the sameiproportions of one and two litters in
1972. A larger propdrtion (P4 0.005) of parents produce one litter in-
Britannia Bay than in other habitats. Ne differences are observed in

the proportion of parents producing one and two jitters in Lac Bourgeois,
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Carﬁg?bnd, and Greely Pond although a small pércentage of pabents produces

- three litters in Lac Bourgeois.

Ongllitter was most commorly produced in the. growth tubes

piaced in Carp Pond, Britannia ay, and Lac Bourgeois and in the lab- .

| oratory growth dishes. A maximum of three litters was produced in all

these maintenance studies. The results were obﬁained by noting thé
presenée or absence of newborns in the growth‘containers in 4pproximately
two week intervals. Analyses of parents from seasonal fiéld collections
show that in a few 1nstances two 11tters of extra—marsuplal larvae occur
together, particularly when the litter sizes are small., Therefore, it

is possible ‘that two litters may have been produced within two weeks

in the maintenance containers. If this occurred then a maximum of six
litﬁers were produced. However, studies on the nﬁmbers of brood sacs
produced show that usually four sacs, and rarely five, are formed in.
each demibranch. Therefore, the maximum number of. Litters most 1ikely

- ¢

produced in the maintenance containers was four,

o~

Sigzed of litters produced - '
: ince only extra-marsupial larvae are released, their numbers

represent the sizes of litters produced; Table 4 gifes the sizes of

the first litters in all populations for each year of study and of second
Jitters in populations of which at least 35% of theﬂ;arents produced two
litters. The sizes of the first and second litters of prodissoconch and
fetal larvae in sequential parents are also included in Table 4. Sequential
parents are those parents that represenf a stage in the sequential devel-

opment of each litter of extra-marsupial. larvae. That is, the $izes

of the first and second litters of prodissoconch and fetal larvae that
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-represent the flrst and second 11tters of extraqnarsuplal larvae were
counted in parents from three succe331ve field collections.

The wesults (Table L) show that the sizes of the first‘and second
Litters of each larval ‘stage are similar‘(P:-Q.OS) but there are élways
‘significantly larger numbers (P40.01) of fetal‘larvae'than‘of prodisso- _3"J
conch larvae wﬁich in tufﬁ are numerically larger (P<0.0l) than extra-
marsupiél larvae, Clearly, tﬁe results indicate that not all larvaé
are viable. Some fetal and prodissocbnch larvae die before reaching
thé extra—marsupial stage. The percent viability of iarvae fluctuates
within habitats from, prie year to the ngxt but tends to remain reiatively
c0nstantlbetween_habitats for each year of stu@y (except Lac Bourgeois
in 1972). | | | '

The numhers of extra—marsupiai larvae were significantly larger
(P<0.05) in 1971 in Carp Pond and Britannia Bay than in other years of
study. Parents of the Lac Bourgeois population produced larger litters
of extra-marsupial larvae in l97é than in i97l The sizes of the first
and second lltters of fetal and prodlssoconch larvae are smaller (P<.O 05)
in Brltannla Bay than in other habitats; the litter sizes of fetal and
prodissoconch larvae tend to remain constant within and between the
remaining habitats.

;?able 5 shows'tﬁat parents maintained in growth chambers in
Carp Pond, Britannia ﬁay; and Lac Bourgeois produce similar (P> 0.05)
litter sizes as parents.invthe natural habitats, Parents maintained in
the laboratory produce larger (P<0.,01) litters than both parents in the

natural habitat (except Lac Bourgeois) and parents maintained in the field.
’

Longev1ty

Analyses of the 51ze-frequency histograms (Fig. 25, 27, 28, 30)




Table 5. Sizes of litters produced by parents maintained in
, growth containers in three habitats.and in the lab.

s

Adults Maintdined In: Number OF

Sizes Of Litters Total
Parents Litter Size
Producing: Per Parent
- One Two First Second

Growth tubes in: litter litters litter litter -

Carp Pond 17 12 3.0 3.0 6.0

Britannia Bay 18 8 2.8 1.7 ko5
Lac Bourgeois 18 16 2.8 4.3 7.1
Laboratory growth v

dishes:

Carp Pond adults . 15 15 3.8 4.2 8.0
Britannia Bay adults 15 9 3.5 2.0 5.5
Lac Bourgeois'éﬁults 15 15 4.0 5.1 9.1
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' show that Ml,ggggx;g lives for approxlmately one year 1n each habltat.
The life span was extended for only three months with the persistence
of an aquatic environment in Carp Pond in 1972. The longevity of M.
gg; s in the malntenance and culture studles is 804100 days when |
newborns were pennltted to grow immediately after birth, The 1life span
“1ncneasesm51gn1f1cantly by malntalnlng newborns in a cold room at

590 for four months and then growing at 18°C for 80-100 days.

Interpopulation transplants

The results (Fig. 3k, Table 6) show that the growthsof Carp
Pond and Lac Bourgeois adults in their own habitats do not differ sig-
nificantly from those transplanted into other habitats. The growth of
Britannia Bay adults in Britannia Bay differs (P<0.05) from those trans-
planted into Carn Pond and Lac Bourgeois.

The natalities of M. securis in the interpopulation transplants
are shown in Table 6. Approximately 25% of_;ne Britannia Bay adults, as
well as adults from Carp Pond and Lac Bourgeois transplanted into
Britannia Bay, produce young in-early July. These mature into calyculate
adults that produce a litter in September. Newborns that appear near the
end of July and early August do not continue growth in the fall'in any
of the habltats.

Most of the first generatlon adults die by early August and those
that are still alive in August do not grow substamtially in September
(Fig. 34). Dissection of the adults .tha.t are alive in September (mainly
uncalyculate adults) show that all extra-marsupial larvae have been
released and that the other larval stages appear to be too immature to

be born before the onset of cold weather.

C e




Fig. 34 Growth of Musculium securis from Carp Pond, Britannia Bay, and

Lac Bourgeois transplanted into (a) Carp-Pond, (b) Britannia

Bay, and (c) Lac Bourgeois. Day 0 = May 9, 1972.
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81!— ’ -
Ecology of Musculium Securis - ‘ .

. Effect of temperatﬁre
- When M. securis is exposed to high tempefatufes, tﬁe ciams relax
and the shells gapé. Without acélimating,,SQ% of fhe adults die after
10 minutes exposure to 2600; "Only adults of lengths'l.ﬁo to 2.50 mm.
recover when returned to 18°C pond water. Adults longer than 2.00 m
die after 5 minutes exposure to 3000 and only adults of lengths 1.50 to
2.00 mm (i.e. newborns) recover when returned to 18°C pond water.
'When M. securis is slowly acclimated to 26°C all adults_survive-_
with no evidgnce of gaping éheils. After one hour at -30°C the shells of
most adults gape but only adults of lengths 5.00 to 6.00 mn do not
recover when returned to 18°C pond water. Jxposure of adults to 30°C
for longer intervals of timé show that only newborns survive after two
hours and all clams aré dea& after three hours.
Fig. 35 shows the growth of M. securis at 5°C, 10°C, 18°C, and
25°C. Differences in the growth parameters and the natalities of M.
securis at each temperature are given in Table 7. ©Growth apparently
begins between 59C and 10°C. The optimém temperature for growth and
’ reproduction is probablﬁ between 18°C and 25°C. A temperature of 25°C
has a greater adverse effect on the natalities than on the growth of

M. securis (Table 7).

Effect of substrates

(1) Quantity of sqil ~ The growth curves of M, securis are more sigmoid
on 20 and 40 g of soil than on 60,. 80, 100, and 120 g of soil (Fig. 36).
Faster growth rates and greater lengths are attained by M. securis on 40

g than on most other quantities of soil but few differences are observed
!




851

Fig. 35 Observed average growth in shell length of 15 Musculium securis

adults at each of four temperatures in the 1aboratopy.
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Fig. 36 Observed average growth in shell length of 15 Musculium securis

adults on each of five quantities of Carp Pond soil in the
Laboratory.
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in natalities (TabZe 8). ALl adults died by the 65th day of gr&#rth.
(2) i exture - Fig. 37'shoﬁs_the growth of M. securis on soils of
different textures from Britannia Bay. ~Since little or fo growth occufr‘éd’
in control dishes containing only watér and soil of different textures,
thé results are combined and shown‘in Fig. 37 as "sediment only&h
Little growth also occurs in control dishes containing only leaves and
water. The.fastest growth fates and larges£ natalities occur in dishes
containing fine sand and silt-clay {Table 9). However, growth rates and |
natalities of M. securis in all dishes are significantly differeﬁt
(P<0.05) from those observed on 40 g of Carp Pond soil in the previous
experiment. This may indicate that M. securis grows.better (i.e. attains
greater lengths) oﬁ substfa?es tha£ have high organic contents and nutrient
supplies. "All adults grown‘én Britannia Bay sediments in the laboratory
died by the 64th day of growth from the newborn stage.
(3)Tree foliage — Of the eight leaf species tested, growth rates.of M.
securis are fastest and similar on white elm, white cedar, and black
willow (Fig. 38, Table 10). Adults with the fastest growth rates usually
produce more yaung;gban'ggﬁits with slower growth rates (Table 10).
Growth of M, securis on all foliage species is esgsentially completed after
56 days but au adults were not; dead until the 78th day. |
L) Different soils - The growth of M. securis on different soils is
- shown in Fig. 39. Growth rates are fastest and similar on willow-elm
soil wi‘f.h black willow litter, biI:ch-aspen soil with white spruce litter,
and oak-maple soil with red oak litter (Tablé 311). Growth was essentially

completed after &, days and all clams were dead by the &0th day. 
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Fig. 37 Observed average growth in shell iength of 15 Musculium securis

a@ults”on each of four different soil textures  (taken from

Britannia Bay) in the laboratory.
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Fig. 38 bserved average growth in shell length of 15 Musculium securis

adults on each of eight species of tree foliage in the laboratory.
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Fig. 39 Observed average growth in shell length of 15 Museulium securis

adults on each of flve different soils contalnlng dlfferent
specles of leaf litter in the laboratory,
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Effect of pollutants _ ‘

_(l) Sulfate - The mean sulfate content of Carp Pond soil is 216 mg/loog
of soil. Therefore, thehtotal-sulfate content.in‘the growth dishes

was the concentration of sulfate added plus a portion of 108 mg that
went into solution frbm the soil. Table 12‘éives the pH and sUifate
contents of the test solutions before and two week? after adding scil.

The results show that the pH decreases w1th increasing concentration of
sulfate. Also, the increase in pH after adding soil indicates the
buffering capacity of Carp Pond soil. The amount of sulfate that goes
into solution from thé soil tends to decrease with increasing concentration
of sulfate.

Increased concentrations of sulfate, either directly or indirectly,

affect the growth of M. securis (Fig. 40). Growth is slightly better

in sulfate contents of 92 and 108 mg/l than in control dishes with 80
mg/l. Significant reductions in the magnitudes of the growth parameters
and natalities of M. securis occur in concentrations of sulfate exceeding
230 mg/1l (Table 13); most clams in these concentrations form blackish
shells. Growth was completed in 54 days with death occurring between

the S4th and 75th day. | | | |

(2) Road salts - Increased concentrations of rock salt and pure sodium
" chloride have greater effects on the growth and natallty of M. securls
(Fig. 41, 42 and Tables 14, 15) than does calcium chloride (Fig. 43,
Table 16). Growth rates are faster and the natalities higher in control
dishes than in experimental disheé containing rock salt and sodium
chloride. Growth of M. securis is similar in the control dishes aﬁdl

dishes containing 1000 and'BOO mg/l of calcium chloride but the natalities




Table 12. Changes in the pH and sulfate concentrations
after adding Qarp Pond soil to growth dishes.

Before adding soil Two weeks after adding

soil 3
pH sulfate pH sulfate B
mg/1 mg/1

7.00 0 6.80 80
3.90 20 6.60 92
3.10 40 6.0 108
2.75 60 6.30 118
2.60 80 6.16 - 128
2.45 100 | 6.10 144,
2.25 200 " 5.65 230
2.15 300 5.k5 333
2.00 1,00 5,15 L27

1.90 500 L.70 515
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Fig. 40 Observed average growth in shell length of 15 Musculium securis

adults in each of nine different sulfate concentrations (mg/1)

N

in the laboratory.
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Fig. 41 (bserved average growth in shell length of 15 Musculium securis

adults in each of five different concentrations (mg/l) of sodium

chloride in the laboratory. Control concentration = Q mg/1.

4
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- Fig. 42 Observed average growth in shell length of 15 Musculium securis

adults in each of five different concentrations (mg/fl.) of rock

salt in the laboratory. Control concermtration = 0 mg/1.
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Fig. 43 Observed avefage growth in shell length of 15 Musculium securis

adults in each of five different concentrations (mg/l) of calcium
chloride. Control concentration = 0 mg/1.
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differ in these dishes. Increased concentrations of road salt have little
effect on the longevity since gdults in ali‘diéhes died on or before.the
?Ot,h. day of gfowth.

The effects of calcium chloride on shell morphology of M. securis
- were mentioned earlier (p. 20, Fig. 8). These effects appear to be similar
in all concentrations of calcium.chloride testg&. S
(3) Pulp and paper wastes - The growth of M. gecuris at various distances
above and below pulp and paper outfalls-are shown in Fig. L4. Growth rates
and natalities are larger above the outfalls than below the outfalls
(Table 17). In general, faster growth rates and higher natalities occur

with incréased distance below the outfalls.

As many as eight leeches of the species, Helobdella Stagnalis, were

present in the growth chambers above the outfalls. The mortalities of

M. securis in the chambers were low and most produced young so that the

leeches had little effect on the production of first litters of young.

Most M. secufis adu}ts died by the end of August in the control tubes but

it is not known whether they died of natural causes or leech predation.
High mortalities of M. securis occur in growth tubes below the -

outfalls. No leeches occur in the growth tubes below the outfalls.

Premature deaths of adults are probably attributable to chemicals or

other propertieg of the effluents. Table 18 gives some physical and chemical

properties 6f the water'at various disténces_from the outfalls during the

study pericd. 7

(4) Raw sewage and slaughter house wastes — There is very little growth

and reproduction of M. gecuris in a creek carrying raw sewage and slaughter

house wastes (Fig. 45, Table 19). The quality of water in the creek is
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Fig. 44 Observed average growth in shell length of Musculium securis

adults isclated in growth tubes placed above and several locations

below a pulp and paper outfalls. Numbers of specimens used are

?

given in Table 17.

i



J—

$71VALNO MmO13d

107i1

S71V41N0 MO138

STIV4LN0 MO139

S1IV4AINO MO39

(TO¥LINOD) S71IV4ING

o8 oL 09 0S oy o€ oz o o
1 L 1 1 | ¥ N ) !
0
E Om OI.‘.-Q...l....‘....O.'Il‘l......".-.
w00t
w QoL
w 000t
3A08VY

-.Iw

-
m
z
o
~
x
3
3



*PSATAINE POJRITPUT

- sxaquinu syj hﬁco MQ STTBIINO OU3 WOIF SO0URYSTP Yowe 9% peoeTd seM sweTo Lqusmy Jo TBL0% <

108

0 | YMoIE ou 10 8TI3TI Y w Qg
(€°T) _m.o (71L00°0) 2L6°0 (94°0) |%6°e- (18°0) |L2*% T w 00
(T'T) - |8't  (8€00°0) 860 (75:0) [l09°€~  (85°0) |[T6*w et w 00/
(9°0) T2 (L200°0) 286°0 Ro.e T6' €= (L9°0) Ifgz"¢ Vi u 000T
| STIVAING NMOTH
CRIN-S (1€0070) T66'0  (£5°0) lert-  (9570) log'g 9T
oy mg mry ~STIVEL0 FAOAY
. 8qny yamoad gad : wmm>a>hsm
( ) uUoT3IETASD pIEpUBYS g + ¥ = I J07 ®9ep uorssesdal qey] SUWBTO STIRIINO

pue £9TTeqeu ueel oTqo07dwdse Jo A SUOTZETASD PJIBPURIS DUR SUBS) JO JSQUMY WOIJ 8OURIST]

*60'0 = d 8 ULIsIJTP ATIUROTITUITS q0Uu BIE oﬁHH awes W
a3 £q paxoos~epls sueey ‘sTrRJIN0 Jeded pue dmd ® MOTeq pUe 3A0QE S50UBRQSTP
fNOTIBA 1% pPooRTd pu® £9qN] UMOIS UT PSUTRUTRW 83TNPR SLIN0o8 WAL MO .
Jo moﬁpdﬁmpmc eyl pu® g + ¥ = X uoTesesded syj} J0F B3ED YzMoxd odvovahn¢ ‘LT eTqE]




- {TL6T) 9TOIOBK WOIT USB] SSNTEA o

1

= \ - 2(90 00T

. . . ‘ . xed gsqunu aTqeqoxd

(00000 2~00£6) _ . . (000TZ-00£2) 1E0)) ¥TI0908q

_ . : ‘ ‘ - WIOFTTOD Teq0f

(1" 62-%"0) 8°9 : (0°=6°0) 9°'T w(Do02 ‘sdep §) puswsp

B ‘ . usdfxo TROTWRUDOTH

(0°02~0°0T) 9°ST ~ (0'02-0°0T) 9*ST (0'$$-0"0T) €2¢ (0°29-0'0T) %0t (0°€2-0°0T) 8°LT 8B ING
(0°47509) L*9 (0°L7§°9). L'9  (0°47S'9) L'9  (0°47679) L'9 (§7L=S"9) 6°9 ' Hd

.Ao.ooun.dc €65 (0°09-T°2Y) €S (8°S-0°'rh) 8 LY (2°€3-0°€S) €19 (L H5-"2") L 6% (Te10%) sseupaey
(0° 91" €2) ¢ 6€ (6°S%=T°L2) 9'8 (W*HE-€°42) T°0E (W"H9-€°6E) 9° €W Am.omum.mmvb.mmw (mToTED) SSSUPIEY

m = (0°2T-0"L) §'2 - (o'2T-0"L) ) (0°TT-0'9) $°4 (0°6-0'6) §*'9 ﬁo.ﬁ-o..s_mm uadixo peATOSST]
(2°8L~6°8%):T°69 (6°8L-0°08) €°L9 (0°SL-L°9%) L'H9 (T'el-2°€h) '09 (0°08-2'gY) 2'29 wo/ur L37aTionpuoy
- (9°62-0'8T) VA - (0'62-0'8T) ¢tz (0°82-0°'8T) L' (0°92-0°8T) Ak (£°0£-0"8T) 0°%e | = £4TUTTENTY
?.mm-o.mv‘w.ﬁ_. Nm.mm..o.mv 9*LT ($'ze-0'8) 8°LT (§'%2-0'6) 9'8T (5'22-0°8) 9°LT ' 0, Smiesedumy
W 00T W 00L u 00€ w08 — A
ETTRIIN0 MoTag : STTRJINO BAOqY BI96WRIRg -

— e e .
— —— ra————

=
*88TMIBYJ0 POIROTPUT SESTUN T/JW UT 818 SonTRA TIY “ETRAIOUT josM oMy ATereurxordde
e usxeq soTdwes JI09BM BATJ UO PesBq oJe genTea oyl “sTTerno Jeded pue dind  moTeq

PUB SAOQE §90UEB}STP SNOTIEA 98 J098M BUj JO 6J0908F TBIEASS JO ( ) gaduel puw suwsw ayj "gT STABL



Lo
w2

1101 | ‘ )

Fig. 45 Observed average growth in shell length of Musculium securis

adults isolated in growth tubes pPlaced above (humber of specimens, N

= 5) and below (N = 13) slaughter house and raw sewage outfalls.
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Table 19. Asymbtotic growth data for the regressions Y = A + BR® and-1/Y = A + Bﬁx

- and the natalities of Musculium securis adults maintained in growth

tubes and placed above and below slaughter house and raw sewage .
outfalls. All differences are significant at the 5% level. -

-

Iotation Growth Means and stiindard deviationsR£ )} of asymptotic Mean natality.&
form regression data for Y = A+ BR™ and 1/Y = A + BR* standard deviation
(or 1/Yr = At + BtRX) : ( ) per growth tube

outfalls

. A mm B mm R :
Above 1/Y° 0.151 (0.010)  0.477 (0.010) - 0.985 (0.0023) 9.8 (2.4)
outfalls® 1/¥' 6.63 (0.42) -5.14 (0.40) S ‘
Below Y 4.00 (0.76) -2.65 {0.72) 0.980 (0.0066) 0

? Data is taken from the isolate controls of the interspecific competition
experiment (Table 22).

'

Table 20. The meafdd and ranges of several factors of the water below
. a slaughPr house and several raw sewage outfalls, The values

are on five water samples taken at approximately two

week rvals. Values are in mg/l unless indicated otherwise. ‘L,J
Parameters Mean Range y
Temperature 17.6 8.0-22.5
AMkalinity 28.8 24.0-36.0 )

Conductivity um/cm 70.2 62.0-80.0
: ~ .
Dissolved oxygen 5.5 . 3.0-8.0

Hardness (calcium) 35.6’ . 28.6-53.2

Hardness (total) 56.4 L8.7-72.3 %}
pH 6.7 6.5-7.0 |

Sulfate 11.8 7.0-25.0

Biochemical oxygen .
demand (5 days, 20°C)2 3.8 0.6-16.5

Total coliform b |
bacteria (MPN/100 cc) 43000-2400000

# Taken from Mackie (1973)
P \PN = Most Probable Number, taken from Mackie (1971)
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given in Table 20; the physics and chemistry of the water in Britannia
Bay has already been described (see Fig. 14 - 23).
f - L . +

Effect of population density

The effects of five dlfferent den51tles on the growth and
reproductlon of M securig are shown in Fig- Aé and Table 21. The results
show that (a) there is less length variation in populatlons with small
densities, (b) this. variation tends ﬁolbe constant with time in populations
with small densities and.increases with time to an asymptotic value in
~ populations with.lafge densities, (c) some individuals in each density
grow at maxdmum rates, (d) growth curves tend to be sigmoid for the average
individual in small densities and hypefbolic for the average- individual
in large densities, and (e) the litter size per reproductlve individual
and the total ﬂghber of young in each dlsh approaches an asymptotlc value
as the den51ty increases.

A1) adults in densities of 5 and lO individuals per dish mature to
produce young. Only 13 to 19 adults mqture to produce young in dishes
with densities of '20, 30, and 40 individuals. iherefore, on the basis of
the pumber of reproductive individuals, the carrying capacity of each
dish is approximately 16 parents; Since as many as 40 to 86 newborns are
producedrin the growth dishes, the reproductivé'adults‘produce a surplus
of 2, to 70 young. Fig. 47 shows that the average number of yéung
released per reproductive parent deéreases with increased densities until
the carrying capacity islreached; then the litter size per reproductive
parent remains constanﬁ. _ |

iThe mortality increases with increased density. Nb adults die

prematurely in dishes with densities of 5 individuals. The number of

N, .
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Fig. 46 Observed average growth in shell length of Musculium securis in

laboratory growth dishes containing densities of 5, 10, 20, 30, . -

or 40 clams. Vertical lines represent observed range in length.

e,
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A%
Fig. 47 Relation between the average litter size per reproductive adult

and the density of parental stock in laboratory growth dishes.

Curve was fitted by eye.

| ‘ .‘.."‘:'..ﬂ ) . ' . . ° "



LITTER SIZE PER REPRODUCTIVE ADULT

11511

P

T L] T i

10 ' 20 30 40

DENSITY OF . PARENTAL STOCK
- PER GROWTH DISH




116
premature mortalities range from 1-2, 2-3, 3-4, and 1-8 in dishes with
dénsities of 10,.20, 30, and 40 adults, respectively. Mdst. of the
adults that die prematurely are less than 3.00 mm in 1ength The remaining
adults essentidlly complete growth after 67 days when many of the reproduc-

tive adults die. The remalnlng reproductlve individuals and most of the

non-reproductive cnes die between 67 and 81 days of growth.

Effect of interspecific competition
The growth curves of M. securis and M. transversum as they
_compete between and amoﬁgst themselves-in different densities in the‘
shore zone of Britannia Bay are shown in Fig. 48. In the absence of-
competltlon, the growth curves tend to be sigmoid for both species
(Fig. 48a); M. securis essentially completes growth in 54 days and M.
transvarsum.in 71 days. In the other controls, (Fig. 48b .c) intraspecific
competition occurs and the growth per average indi 1 is significantly
different from those in the.isolate—éontrols'(Table 22). During.intra—
specific éompetitioﬁ, some adults of both species grow at maximum rates
and complete growth ver& quickly but do not produce young until growth
is completed; On the basis of thé mumber of reproductive individuals,
the carrying capacity of the growth chambers is approiimately 6 adults.
Various degrees of interspecific competition between M. securis
and M. txansﬁergum under overcrowded conditions are shown in Fig. 48d - J.
When M. sécuris greatly outnumbers M. tgggggggggm, the form of growth of
the former species resembles that in the intraspecific-controls (cf.
Fig. 48d and L8b); thelform of growth of the latter species resembles that in
isolate-coq}rols ~ (ef. Fig. 48d and L8a), buf the magnitudes of the

growth parameters and natalities differ significantly. As the numbers of

-
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Fig. 48 Observed average growth in shell length of Musculium securis

(

®) and Musculium transversum (=—-——— 0) in growth tubes

placed in the shore zone of Britannia Bay and conf.airﬁng:

a. Isolated M. securis or M. transversum
b.' 20 M. securis or 2Q M. transversum
c. 10 M. securis or 10 M. transx;ersum
d. 19 M. securis and 1 M. transversum
e. 18 | n n “2 "

_-lf_" 16 . n LY n

g. 10 " " lO‘ "

h. 4 n "6 n

i. " ™18 "

j. 1 n " 19 "

k. .9 " no3 "

1. 1 " n g n

Vertical lines represent ob'sirved range in length.
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M. securls decrease and M transversum 1ncrease greater proportions qf

M. securis adults complete 90% of thelr growth in the first 21 days (Flg

hSe, £}. Acceleratlon 1n growth of M. transversum does not, begln until
after most M securls adults have completed growth. Also, M. securis
produces more young per reproductlve adult than does M. hzags rsum when
,the former specles 1s more numerous than the latter.

When the numbers of the two- spec1es are equal, 1nterspec1f1c
competltlon apparently favors the gﬁowth of M. transversum (Fig. ASg)
Many M. securis adults complete growth 1h the first 2l days but there is

. a significant reduction in the average litter size (Table 22). Converselj,
M. transversun respohds with a-signiflcantly faster average growth rate, 7
“a larger average asymptotic value, and a largep'avefage natality per*
reproductive adult than it does as a sugdominant species.

As the numbers of M transversum increase, the growth curves ¥

tend to undergo a transformatlon from a sigmoid shape (Flg. h8h i)
to a hppggbollc shape (Fig. h83) and competltlon is primarily intra-
mSEECIflC. ‘ '
" Vhen less -crowded condltlons prevall 1nterspec1f1c competition
is more apparent than intraspecific competltlon (Flg. 48k, 1). There is
" no 51gn1£1cant difference in the growth of M transversum (nor of M.
securis) when growh as a dominant (1 e. more numerous) and subdominarnt
pecies} linder less crowded condltlbns, M. transversum produces as dany
or more yo & per reproductlve 1ndlv1dual. regardless of its relatlve
: abundance, than does M. securis (Table 22). L
Evidently, 1nterspeclf1c cqnpetltlon between M. securls and M

transversum is not prevalent in the dager waters of Brltannla Bay. o

5
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Even as 1selnte:controls, M. transversum doee‘not grow to suff1c1ent

size tﬁvprodnce young (Flg. A?) dnd M. securis attains smaller average

lengths (A 85 mm, standard devmatlon 0.34)_and has smaller 11tter
Q;_,,?”“es (3.2, standard deviation = 0.8) in thegznm depth than in the .shore
zone. Since there_ls no.1nterspec;f1e.competltion between the two

species in the 3 m depth, further discussion is not necessary.

Effect of para51tlsm
Paraeltlsm of M. securis is prevalent only in Brltannla Bay.
. G. Gibson of Canadian Wildllfe Servlces, Environment Canada, Ottawa,
1dent1f1ed the para51tes as redias of the dlgenetlc trematode, Crepi- .

dostomum cooperi Hopklns, 1931. The larval stages of t

trematode

develop in the digestive gland of M. securis. Infected dihestive glands

usually contain part or fully developed cercariae which apparently escape

into the water and encyst in mayfly nymphs (Glbson, pers. comm. ).

Heﬁagenia Sp. -probably serves as the intermediate host since theé nymphs

are abundant (approx. AOO/m } and usually accompany M. securis in samples

taken from the 3 to L m depths of Brltannla Bay. "The cercariae.are

known as ophthalmeﬁlphldlocercarlae, because they have eyespote and'af

stylet adults are common in many local fish including walleye; bass, and'

catfish, where they occur as 1ntest1nal parasites" {Gdbson, pers. comm.).

Only one species of para51te was fonnd. (,
There is a seasonal.occurrence of parasitism (Table 23) and only

M. securls adults 1arger than 3. 50 mm appear to be 1nfec t¢d., Pdarasitism

_occurs with maximum intensity in 1ate July and early August... The per-

centages glven in Table 23 are based on 1nfected adults that Were dlive

at the time of sampling. Empty M. securls shells often appeared in samples

L
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" Fig. 49 Observed average growth in shell length of Musculiuwn securis and

Musculium transversum isolated® in growth tubes and placed in the

3 m depth of Britannia Bay.
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Table 23. Percentage of parents in the Brltannla Bay population of
’ Musculium securis that were parasitized in the summer
months of 1970, 1971, and 1972. Only clams collected in
July, August, and early September were pirasitized.

1970 a © 1971 * 1972
July July  Aug. July July Aug. Sept.  July -July Aug. Sept.
13 29 .18 15 29 3 2 5 17 20 2

R2.8% 27.8% 5.0% 2.0% 13.3% 25.0%8 4.0%

4.0% 20.0% 21.8% 2.0%

\&/

Table 24. OSome physical and ’ﬁemiéal roperties of Carp Pond soil and
the correlation (r)“petween he number of Musculium securis
newborns and the valuaikof eiylous soil factors in core samples

Parameters Number of Mean - Range Standard  Correlation (r)
- core samples ‘ deviagtions between: number of
examined newbdrns and soil
c factor values
Number of newborns . 50 2.3 °0-13 10.47
per core _ .o
pH o 20 5.43 5.02-6.10 0.32 0
‘Moisture content (%) 50  3.94 2.78-5.16 0.86 0.01
Organic matter content 13 lj.Qh 9.89~13.72 0.93 0
(as & volatile matte;') K - .
Exchangeable calcium 10 . 3.04 1.18-4.05 - 0.83- .0
(£ by weight) ' ‘ - : y
Ny . . - ’ .
Cation exchange capa- =~ 5 32.48 30.27-35.28 _1.89 0-

city (meg./g)

J
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) collected in July and August and it is possible that parasites caused

the death of these clams. It is therefore conceivable that thezoer—

centages in Table 23 are wider-estimates of the total M securls pop-

~ ulation that is paraSltlzed 1n Brltannla Bay.

Adult M, securis as large as 6.057mm in length ﬁere parasitized ;35
suggesting that parasitism does not affect the growth of‘clams. However,

it is possmble that such 1nd1v1duals ‘had been para31tlzed only pecently

Parasitisn appears to have a'greater effect on the reprﬂductiVe capacity \é:;))--

of M. securig. Of the parasitized adults, approx1mately 96% are dev01d
of bmod sacs; ‘the remaining 4% cont.aa,n brood sacs but larvae areve:.ther

~
absent or poorly developed.

Effect of predation B

| Evidently, predation g; M. secyris by ‘the domihant.fiep species;in
Britannia Bay is negligible. Smith (MS 1973) examined the stomachs of
25h’channel catfish and fouhd only two M. securis specimens. Mr. Peter

Rubec (pers. comm.) did not flnd any M securls spec;mens in 50 stomachs

)

of the brown bullhead although many stomachs were empty. Walleyes and !
saugers have a plSClvorous hablt and only 1nc1dentally 1ngest mo}lusks '
(Osterberg, pers. comm.). Only the larger length classes of perch 1ngest
a very shell percentage of clame (Stobo, 1971). _

- No fish are present in‘Carp'ﬁond' Creely Pon@ier Lac Bourgeois.

Ducks .are probably the most important predators of M. securis in these

g

habitatS'but no data were collected-to confirm this, = - . 2

Estivation of Musculiim securis

A contaglous dlstrmbutlon of estlvatlng newborns in Carp Pond

2 .
was suspected ‘since the variance (s = 10, L2) was lerger than the mearn

]




§'h

125 .

—

number of newborns (X.= 2.3) per core sample. Using the X2 test“for-

£

goodness-of—flt to test for agreement with a negatlve blanlal distribution

(E.Ll:.ot 1971, p. 53), it was shown that the estlvatlng newborns are
1ndeed dlstrlbuted contaglously. That is, the X2 value of 14.02 is less

-than the 5% p01nt of 18. 3 with 10 degrees of freedom. S '3

Correlation coefficients (r, Simpson et al, 1960, p. 240) were
calculated to detennlne if there was any relatlonshlp between the abundance
of M. securis and the magnltudes of certaln factors in the 3011.‘ The “,

results (Table 24} show that in no instance do the correlatlon coefficients

exceed 0.01. o, |
Only 3.4% of the total number of newborns found in théfcg;;\\\\\ /
samples tak®n in September, 1971 were dead. It all newborns experlence
birth at the same time (i.e. late July) and if monthly mortality rates
are the eame, only about 10% of the estivating population die‘during

the estivation period (3 months). :

. Food Habits '

-

The presence and absence of. food - organlsms in the 1ntest1ne of

M. securis for a complete year of study in each habltat are gaven in

Table 25 Usually the fllamentous algae were fragmented beyond generic
recognltlon and are often recorded at the phylum level. Clams less than

2.50 mm in length were not examined due to dlfflculty in separating out

the intestinal contents. The gu; analyses sndicate that all length classes . A
above 2.50 mm had.slmilar inteetinalzgpntents on an& one sampling.datej Tnis
suggests that food ingestion is similar among all. size claseesfj The

intestinal contents of all length classes durlng the twelve months are
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summarized in Table 25. Diatoms eppear to be the most common organi.sms

ingested by M._securis. The esophagﬁs and ‘stomach were usually empty

P -

and dld not permlt a study of whlch organlsms N?Le dlgested. éppty
N

stomachs may also indicate dlurnal feeding habits (i.e. do not feed

durlng the day when specmmens were collected but rather during the

evening), however, this aspect was not 1nVest1gate .

Ingestion of food organisms_appears to be hehviest Ln early

sunmer in Carp Pond and Greely Pond "but early to late er in the

other habitats. Many of the food organisms in ‘the rectum appear to be
v1able. Adults in Carp Pond have empty 1ntesti‘i§)dur1ng and after

' releasing their young in late July (1mmed1ately prior to the drylng up

of the pond). Approx1mately 86% of the adults have empty intestines p

durlng\the hibernating period 1n Lac Bourg301s.

/
iy

. Fig. 50 and. Table 26 show the growth and natalltmes of M. securis
in dishes contaiming autoclaved and unautoclaged goil and leaf leachate.
ILittle or‘;o growth of M. securis occurs on a&toclaved'eoils,'regardless
«of the type of. treatment g:l.ven to the leachat;. Clims attain greater;
lengths on unautoclaved 50115 but fllterlng and/or autoclaving the leaf

by .
leachate 51gn1flcantly reduces the growth and natallty. ' | 53_
One or two clams were removed from each dish at the end of the

experlment for analyses of 1nteet1nal contents. However, the 1ntest1nes 4
\

were empty, probably because the clams were not removed eﬁrly enough ‘ The

growth dishes, in whlch 11v1ng organlsms were present (1 e. soils were

not autoclaved), contalned Navlcula, Fragllarla, Sphaerocystis, Osclllatorla,

Lvngbya, Bozia, and fungal spores. Adults that were analyzed for intestinal

contents, often contalned extra—marsuplal larvae and were con51dered mature

© o
..

%
i
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4]

Fig.. 50 Observed gverage growth in shell lergth of 15 Musculium securis

adults on each of eight different combinétions of autoclaved and

unautoclaved soil énd leaf—leachaﬁe in the laboratory.

) ' ' /
A o ' b (
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enough to be born and included in the natality_data of Table 26.
DISCUSSION AND CONCLUSIONS

Intraspecific Vardiations in the Life History of Musculium securisk

' The data ind;oate varietiohe in growth,biﬂﬁh.periode{ number
of brood sacs and larvae per sao; and number and sizes of 1{tters produced. 'f'
These Varlatlons are’ present at the 1ntrapopu1at10n 1eve1 Gl e: within
populatlons) and/or at the 1nterpopulat10n Tevel (i.e. among populatlons)
Fig. 26 shows the growth of M. aggg;;g in. Carp Pond in }971 but -

\

plots of frequency modes in 1970 and 1972 w1ll ‘show that e. growth

curveés were SLmllar in all three yeereﬁpf study. However, the
amounts of rainfall in the,summer of 1972 had a signifioent effect on
the growth ana hence the size—frequency distribution of the summer—tornﬂ
indiriduals. In 1970 and 1971 the newborns lay dormant and estlvated
from August to November, but in 1972 water remalned in the pond durlng
this perlod and the newborns started growing 1mmed1ately after blrth o :'
(late JuLy) In the permanent habitats there is no estlratlongperlod |

- and the large amount of‘rainfall‘io 1972 had no aoparent effect on tie
growthrand seasonal size-freqoeocj distributions’of M..secoris. ccnse,

- quently, rainfall has a greater effect on the growth of M seourls in

the temporary habltats than in the permanent habltats. _

- The‘temporary habitats have unimodal size—ﬂreque;cy dietributions'
while the penmanent habltats have blmodal and often trimedel size- . .
frequency dlstrlb;tlons.. Blmodallty results from two dlffeqent phenomena..j
“ In Britanrna Bay tHe bimodal character is, the result of dlfferencés in o

growth rates of slow— and fast gfo“hg adults. The fast-growing adults
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produce’ young in mid—July S0 that the remainder of the summeffls re-
presented by three modes (C b, \B Fig 28) Lac Bourge01s has two
'overlapping generations, one represented by adults born in early summer

aitd the other by adults born in late fall or early w1nter.

The transplant Studies 1ndicate that the growth of individuals

in the Britannia Bay population is slower than those of other populations.
By correlating the lengths of calyculae (1 e. length of newborns at )
birth) with maximum length attained, a correlation coefficient (r) -

of 0.87 is obtained (Fig. 51)%° Thus larger newborns usually attain
gn%ﬁer maximum lengths than smaller newborns. .The_average length of
‘newborns at birth in Britannia Bay is 1.36 mm; thisﬁwoulduexplain the
smaller average maximum length attaineo in Britannia Bay than in other
habitats'where newborns are usually_larger than 1.65 mm.

Temperature may also te an-important factor ‘in the growth.of
‘Britannia Bay clams. Growth of M. gecurig apparentlj:beéins at approxi-
mately 10°C and probably occurs at optimum rates near 1800. Exanination
of Fig. 13 shows that these temperatures_are reached approximately.four
weeks later in Britannia Bay than in other habitats. Therefore, the
slow-rate of temperature increase may be a factor in thé reduced growth
of Britannia Bay clams. Also, since the Britannla Bay population has \
forr weeks less time in"which to produce young, it wonld be to the
ad;Ehtage of the population if the production of smaller newborns was
selected for. In this contextrthe growth of Britannie Bay clams may be
. adaptivjly modified to temperature.‘ r

The growth and seasonal sizeéfreqn;¥cy distribution has been

: ] , .

described for several sphaeriids but only a few have'demonstrated intra-

s
W .

+
- . . . 4
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d
Fig. 51 Relation between length of umbone {calyculus) and shell length of

parent. Correlat%on coefficient (r) = 0.87.

!
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Spec1f12*;¢rlatlon within and/or among habltats. Thomas (1963, 1965)
studied a populatlon of M. partumeium in a temporary habitat and also
found that summer growth varles with the amount of ralnfall adults
attained 1arger lengths and the newborns, hh*ch usually egtivated upon
‘?irth and lay ‘dormant, showed more growth in a summer of high rainfall
than in summers of low ralnfall.,/fﬁg’;fesent stugy indicates that the
estivéting populétions of M securis consist only of newborns.- Thomas
{1563} shcwsd that the estivating populations of,ﬂ, partumeium con31st
of adults of lengths l—5lmm, aithough newborns were the most numerous. .
Intraspecific variatiéns were also noted by Avolizi (1971) but he concludes
that interspecific differences in life-cycle and growth between:S.
striatinum and S. smmlle are greater than inbraspecific differences.

There is only one birth period per ‘generation of M. securis,
adults. The birth perlod 1s-usually of 2-4 weeks duration. Only one
ééneraﬁion and hence one birth period is present inlthe temporary
aquatic habitats while two generations and two birth periods are ﬁresent
in the permanent aquaﬁic habitats.

The birth period 6f the Carp Pond‘popqiétion extended throughout
July in all three years of study but both the number of blrth periods
and the birth period would probably change in 1973. By May 15, 1973
(Fig. 25). some adults were already gravid and-proﬁably would produce
young in June of 1973. If young were produced early in June, there would
probably be sufficient time for these young to grow and reproduce before .
" the pond dries up in August, '1973. The probability of two overlapping

generations ocdurring in 1973 would increase if the pond does not dry up

or if the summer aguatic season is longer than usual.
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RASLTAE
The birth periode of the\-fast—growing adults in the Britannia

Bay populatlon are during July and\ﬁepﬁember and of the slow—grow1ng

"adults, durlng August. Young born 1n\1ate July and early August do ‘not

grow until the following sprlng, as is" eyplcal of newborns in temporary

aquatlc haBmtats. Slnce only newborns estlvate in the temporary ponds

it is reasonable to assume that only 1nd1v1duals of this gize class are

capable of (or adapted to) estivation. T If only newborns can survive ¢

estlvatlon there would be greater survival value if a genetlo deﬁermlnane

for "cessatlon of growth at birth" was selected for during evolutlon of

the specles. Conversely, there would be greater surv1val value in a

permanent aquatic habitat if a genetic determlnant for "cessatlon of

growth at birth!" was not selected for. Speculat;ng on thls ba51s,

M. securis may have evolved in a tempqrary'QQuat;c habltat since the

newborns in Britanmia Bay and Lac‘@ourgeois do not contiouegrowth when

born in late July, as showﬁ in the interpopulaﬁion transplant studies.
Intraspec1f1c varlationslin the birth periods of other sphaeriid

species are also COMMmON. Foster (1932) c1tes the birth perlod of S.

striatinum as occurring in. December bub! Avolizi (1971) reported June and

July as the months of greatest "spat—fall" for the same spe01es.\ The

birth rate of S. simile 1is hlghest during the winter and summer.months“

as reported b} Zumoff (1973) but during late June- early dJuly and lape

fall according to Avolizi (1971) Sphaerium corneum produces two geﬁw

erations but Thlel (19263, b) reports the blrth perlods as early SummeT
and autumn and'Mitropolskii (1966) as no distinct boundarles between the
: \ f

two birth periods. - . /’_}

Heard (1973) describes five types of. reprodﬁctlve cycles in
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'Sphae rium and Musculium; The Type I cycle includes sach species as M.
_ lacustre and S corneum 1£ which semelparous 1nd1v1dnals (productlon of
only one litter in 1ts llfe span) dlsplay one period of fertlllzatlon,
although o periods of fertlllzatlon (and births) are represented in -
}the population. 71he Type II cycle 15/51m11ar, except the populatlon showsl
3 separate fertilization and birth permods in a year (e.g. M. transversum)
The Type I1I1I.cycle is one of 1teroparous reproduction (productlon af
more than one litter in a species life span) with each individual in the
populatlon underg01ng two fertilizations and two blrth periods per year
(e. g. M. partumelum, S strlatlnum) The Type IV cycle includes M.

’w

jaggniﬁ 1 in whlch jindividuals experience two fertlllzatlons and one or i N

Rro births per year but the popuwlation exhibits two periods of fertlll—
zation and births per year. The Iype V cycle is more complex an{;is
described in etaa.l by Heard (1973). o
The Type II cycle describes reproductlon of M. securis in the
Britannia Bay and Lac Bourgeois populatlons. However, neither of the
five cycles defined by Heard (1973) describe reproduction of M. securis
in-the Carp Pqnd;qnd Greely Pond populations. In conformity wlth.Heard's
(1973, Table Ll) criteria, the reproductive'cycle of the latter two pop-
:_?;Qtlons can be descrlbed as having a life span of approximately.one year,
semelparoug reproductlon w1th ohe. lltter (or two litters in one birth
period) per year, rarely a :all and winter incubation period, and only
one birth period (summer). ’
There is very llttle 1ntrapopulat10n varlatlon in the totalﬂnumber_

of brood sacs produced per parent from one year to the next. However,

intefpopulation variations in brood.sac production are present, Indi-
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. yviduals in Britannia Bay usually produee a total of six brood sacs while
those in other'popﬁlations usually proddce eight;,and‘occasionally tenf‘
(Lac Bourgeois), brood sacs. Of these totals, only two to four (occasion~‘
ally Slx) brood sacs mature. Therefore, the potentlal tot;l,ggs:i\
" Jitters (i.e. six to ten) is rarely if ever achleved. L ¢\\\5‘ﬁ\\\\\

.~ Heard (1973) proposes that M securis canf;produce several litters '
over a life span of several years"™. The results f;om this study indicate ‘ \Hﬁ\\‘ﬂr
that the total maximum number of litters that M. M’_:L_g_ can potentially -
produce, is ten. This conclusion is drawn from data on Lac Bourgeois' . | "
patrents that produce'ten brood sacs; in these parents four or six brood
sacs mature and only secondary and/or tertlary sacs remain. That is, .
new primary sacs, hence addltlonal sacs, are not produced after two llttere
are released. However, it is possible that brood sac production also
.is a function of envifoﬁmental stress (é.g. intraspecific competition).
Env;ronmental factors appear to be responsible for differences

in the numbers of 11tters produced within and among habitats. Wmth the
extended aquatlc season, a greater ‘proportion of parents in the Carp
Pond populatlon produced two litters in 1972 than in 1970 and 1971..
The large amount of rainfall had no significant effect on the numbers
of litters produced in the Britannia Bay population in 1972. As in-
dicated in the life history and transplant studies, a significantly
smaller proportion of parents produce two litters i@_Britannia Bay than
in other ﬁatitats (Tables 5,23). The results from-the transplant studies |
also suggest that the Britannia Bay populatlon may be adaptlvely modified

with respect to number of litters produced that is with four weeke less

time in which to grow and reproduce, it would be to the advantage of
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the population to select'fgr one litter than for several litters.

Van Cleave et al. (1947) have given data to indicate that

‘Musculium species| might have 1arger brood sizes than Spheeri species

and suggested that dlfferences in fecundlty mlght support the retentlon

of the -genus, Muscullum. Herrlngton (1962) indicated a need for data on

more specles before evaiuating the signlflcence'of differential fecundltles.
Gale (1969) proposes that more discretion‘is:needed in comparing

the nunbers of embryos in variots specmes since dlfferences may reflect

seasonal or parental size class varlatlons, also purported dlfferences

‘between species may be due to differences in the procedures of various kk;//

investigators. The present stud% indicates that brood sizes of M. securis
vany greatly w1th1n and among habltats, prlmarlly because of differences’
in larval mortalltles. There is less variation in the ‘brood sizes of

secondary and tertlary 5acs w1th1n and .among similar habitats. - Therefore,

) the numbers of fetal and/or prodlssoconch larvae appear to be valid

measurement.s for determlnlng ‘differential fecundities among species within

similar habltats. -
The data also indicate ‘that both intrapopulation and interpopu-

1lation variations in litter sizes are present. Within the Carp Pond,

Britannia Bay, and Lac Bourgeois populations, the sizes of litters

,released‘are siénificantly larger in the second year of study than in

the first. These higher values may represent the response of M. gecuris

4

to replace those individuals that had been removed for life history analyses
by the author in the prev1ous year of study. The removal of-samples by
the author is 1nterpreted here as representlng a mortality/factor that is

not normally present in-the populations. In this context,\M. securis

7
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compeneeted for.the;gigﬁ morﬁal;ty by.pfodqc}ng large litters in.ﬁhe
following year. This‘Eppears to be‘achieved not by prddﬁcing more

*arvae (since the total number of larvae pér parent remained relaklvely
constant ‘but by maLWtﬂlnlng a greater surv1val rate (reziected’{n %
-viability, Table A) of larvae already proquced. Ev1dent1y{_the sampling
efforts of the author ultimately had 1ittie effecﬁ op‘the litker Sizes
produced since the 1itter sizes in the third year‘of seudy arerhot ,
31gn1f1cantly dlfferent from those in the first year (Table L) This
is @ valid interpretation if the large amount of ralnfall in 1972 did not
cause reductions in the litter sizes produced. In fact there is 1ittle
evidence to suggest that high rainfall does affect the sizes of litters.
Forvexample, if high rainfall causes a reductien.in litter sizes then |
the results (Table 4) from Carp Pona and Britennia Bay are inconsistent
with those in Lac Bourgeois where an increase in'thellitter size/oecurred
in 1972. S -

The viability of M. securis larvae from the fetal stage of develop-
ment ranges from 37%.to Sé% in the first litter and from 31$ to 52% in
the second lltter, depending on the year of study and the habltat Since

the number of embryos probably exceeds the nnmber of fetal larvae, the
' percent viability of larvae from point of fertlllzatlon of the egg is - v
probably smaller. The data (Table 4) also indicate that M. securis
produces a certain number of eggs, this number being genetically flxed
This is suggested from the similar numbers of fetal larvae (approx. 7. 0)
per first litter in Carp Pond, Greely Pond and Lac Bourgeois. The -
Brltannla Bay populat:on produces 51gn1flcant1y smaller numbers (P2 0.01)
of fetal larvae per secondary brood sac than other populatlens. 13

. ~
- implies that either a_high mortality of.embrwos occurs in the ﬁrxtannla Bay
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.poéulation sr that the Britannia Bay;popﬂlation is genetically distinct
'rw1th respect to egg productlon. If indeed egg productlon is genet1cally

- controlled, the percent larval v1abiiity also may be a valuable spec1es
(or'generlc) index in calculatlng‘egg productlon from the Jitter sizesl

of fetal -larvae. Thls ‘remains to be shown for M. S;CUPIS as well as for

other sﬁﬁaerlld species.,

Avolizi (1971) has also studied larval viabilities but presented
his data in £enms of Membryonic mortality"; the maximum embryonic mor-
talities bflS. striatinsm and S; simils are 90% and 77-65%, respectively
(iis. larval viabilities of .10% and 23-35%, respectlvely) Axolizi (op.
cit.) suggests that "the dylng off of younger stages contrloutes to the
nutrition of.......embryos-which survzved“ The 11tte; sizes of 8.
striatinum and §, simile at birth range from.1-2 for both- species.

" The annua} ratio sf‘selection of M. securis (i.e. number of young
born a%nually per average adult) varles widely within and among populations.
For example, the Carp Pond populatlon in 1970 and 1972 and the Greely Pond .
population in 1972 had an annual ratio of selection of about: 5:1; this ratio
increased to about 7:1 in the'197l cérp Pond populatios.' Wisg.only ane

litter, the Britannia.Bay population has a low annudl ratio of‘selection

of about_2;3:l ﬁhils parents in Lsp Bourgeoi.s have the highest annual

P

ratio of selection (8:1). ‘M}”,~'“” o

Analyses of rssults obtalned from seasonal field collection and
the malntenance of adults in the field and ls?oratory (Table 5) 1nd1cate o
thit the annual ratlo_of.selectlon is a function of density dependent and

independent factors. This is also suggested in the results obtained

from ecologicai studies.(e.g.'intraspesific and interspecific competitipﬁ?

#
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temperature, pollutlon, etc) ‘Similar'conclusions are reported by

Avolizi (1971) for S. 51m11e and S. striatinum. Burky (19468) has demonstrated-

that the annual ratio &§ select10n~for Ferrissia’ rlvularls varies from

35 1 1nan eutrophlc habltat to 8: l 1nzn1ol:gntr0ph1c stream. '

&

The life span of M. gecuris is typlcally 12 months in all habitats.
However, the llfe span can be increased to 15-16 months in the temporary
aquatic habltats after a summer of high rainfalil. As discussed prev1ously,

this 1ncreasé 1n longev1ty has a. signlflcant effect on other life history

"aspects such as the seasonal 51ze—frequency distribution and the numbers

of 11tters produced.

. On the ba51s of the number of}annull on the valves, Heard

(1973) suggests that the maximum 11fe span of M. securis is three years.
Using this technlque, Lac Bourg601s adults whlch have one annulus, would
* be in their second year of life. However, results from field and lab-
oratony studles clearly show that these annulated adults were in their
first year of life and lived for only approxunately 12 months Moreover,
annuli may not always represent annual rest periods, as suggested by : Coa
Baker (1927) This is partlcularly true of clams. that 11ve in temporary ‘
habitats where water levels fluctuate from one month to the next. Heard

(1913) gives the life spans of several other sphaerilds and his predlcted
“values (on the basis of the humber of annuli) are invariably higher than

those observed by other 1nvest1gator using other technlques. For example,
Avolizi (1971) “and Foster (1932) o;\{he ba31s of length class dlstrlbue

tions report'an 18-24 and 12 month 1ife span, respectively for §f stria- -
tinum but Heard predlcts a 5 year llfe span; by marking and recaoture,

Herrington (1948) has shown that the li.fe span of S. occidentale is 3
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years but Heard predlcts 51x.years., o .

There is some varlatlon in the seasonal gonad activities between
slow- and fast—grow1ng adults in Britannia Bay. In slow—grow1ng adults
gametogenesls is first apparent in length classes 2.00- 2 49 mm and length
classes 3.00-3.49 mm in fast—growmng adults (and of adults in other
populatlons) )

Gametogenesis and fertlllzatlon appear to contlnue untll the
"death of the individual in all populations but is most active in the
summer months. Similar obserVations have been reported by OCkada (1935 a)
for ﬁ._jgponicum; spennatozoa and oogonia are found almost throughout
the year but the perlods of greatest gonad.aotivity occur in the spring

»

and autumn. Okada (op. cit. ) also noted that spennatogene31s is most
active in clams measuring -7 mm in length and vogenesis in those measuring
more than 8 mm; protandrao maturation of M japonicum is therefore
suggested. The results of the present study 1nd1cate that ova and sperm

mature at approximatelylthe'same time although primary oocytes‘(ova

lying free in the ovarlan c??}tg} are often present before spermatlds,-

therefore, protogyny may occur 1n some individuals. Zumoff (1973)

does not state what type of maturatlon occurs in S. simile but her

results 1nd1cate that sperms and ova mature simultareously and gameto—
genesis is most active in June and July._ -Although ?homas (1959) did not

do a detailed study of gonad act1v1ty, herlgeneral cbservations on

serial sectlons of M. partumeium also indicate simultaneous maturatlon of
gametes. Thomas (1959) also demonstrated self fertlllzatlon in M. |
partumeium by the production of as many as 51x.generatlon in igolation
cultures. .

Heard (1963) concludes that intraspecific variation in pill clams
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“(i.e. Pisidium sppJ ™s primarily ecolog?oal in nature and is reflected

~in differences in times ofggonad ectivity (ceused by abidtic’factors). : -
. ‘ o ~ ' S .

 and average litter size (due to both abiotic and biotic forces )",

Foster (u932) suggests that maximum-size adults of S. striatinum are

terlle and repreduction occurs in’ the wlnter months; Avolizitls (1971)

v -

data indicate that reproduction in this species occurs until the death
of the animal with peak reproduction in spring and fall. Finally,
Monk (1928) found that reproduction of S. striatinum is at' a peak during

the summer months.

Factors Affecting the Llfe Hlstory and Dlstributlon of Muscullwﬁxﬁuzgl_
In the design of the ecologlcal experiments an attempt was ?ade
to simulate,as closely as possible, the  conditions in the natural envir--
onment, particularly those in Carp Pond. 'Howeuer, because of the ' N
- heteroge“01*" of the natural habitat and the mult1p11c1ty of factors
" which operate through factor interaction, the 51mulat10n was not precmse.
For example, such factors as predation, parasitism, and competltlon were .
not usually present in the laboratory growth dishes.
Although the simulation was not exact, it is believed that close
to optimum conditions for the grouth;and neproduction‘oflg. securie
preveiled in the laboratory growth dishee. This ie apparent when lt is
realized that érowth aod reproduction of M. securis in the laboratory
_control dishes equal or exceed those in the natural habitata For example,_:
growth of M. securis in the laboratory is completed in. 50 to 60 day;dbut
70 to 80 days in the natural habitat; the average‘parent produced appro-

.hximately'eight newborns in the laboratory but only two to four ln the -

natural habitat. Therefore, conditions in the natural habitat appear

e O




to:be more limiting on the growth and reproduction of M. securis than’

F
o

conditions in.the laboratory. In this context, the author is reasOnably-
certain that if a factor limits the growth-and reproduction of ﬁ; securis
in the laboratory, it would-almost certainly be Timiting in-the natural

habitat.

(1) Abiotic factors

' Temperature:ié a limiting factor;’laboratory experiments show. that
growth begins at approximately lOOC and clams reaﬁedliﬂ the fiéld sﬁow
some growth between 8°C and 10°C. Similar'results were obtained by other:
investigators studying the sphaeriids, M. artumei/um (Thomas, 1965)
and S. corneum (Thiel, 1928; Mitropolskii, 1966).and.several freshwater
gastropods (fan der Schalie and Berry, 1973).

It was mentioned.earlier that a élow rgte of temperature increase:
probably affeécts the growth and reproduction of M. securis in Britanm.a
Bay. Als;: high temperatures may limit the distribution of M. securig
in Britannia Bay. Fig. 52 shows the abundance of M. securis in relation

to the maximum water temperatures .observed during July.. Musculium securis

was absent in the shore zone where water témperatures often reached at

least 3200. ,Laboratoiw'experiments show that M. securis can tolerate

t»

30°C for only‘a short period of time. Therefore, the absence (or ex;remely
small densitiés) of the species in the shore zone may reflect its low
télerance to high temperatures, although interspecific competition and
food supply may also be limitiﬁé'dispersal factors (pp-152 and 160).

Thomas (i959) suggested that "21°C is close to the threshold" for M.

partumeiumn.,

Apparently some growth factor is present in sufficient magnitude

R
£




to initiate'the imﬁéd%gﬁé growth of M. securis on 1aige quaﬁtitiés ofk
ﬂsoii'ééoi- 120'g):bu£ﬁ3n insufficienﬁ quantity to suppress fhe immediate
growth on small quantltles of soil (20 Qiolg, Fig. 36). Therefore, the
Iquantlty of SOll appearstotﬁrmrenngmrtant during early stages or growth
than durlng the latter staggs. Although there are some significant
differences in grA%thand.natalities, the differences are not in proportion
to the differences\in quantities of soils used. This may indicate that
growth and repr@duction,‘éspecially dﬁring the latter stages, is a function
of -the surfacenexchange area nﬁther than the quantity of substrate.

"The growth and reproductlon of M. gecurisare also affected by
soil texture (Fig. 37, Table 9). Soil texture is related to several other
variables (Buckman and Brady, 1969) all of which may act 1ndependently | SN
or synerglstlcally in the natural habltat. .Such variables include the soil
particle size and soii-porosity, both of which affgct the movement of
clams through the soil and the supplies of nutrients to the clams.

The results show thét M. securis attains greater lengths and
natalities on fine sand and siltfclay than on coarser sediments, and
suggests that the ‘species should‘be‘distribut‘.eld. according to soi.l_
particle size in Britannia Bay. This is not generally observed;'@ery
smali densities occur in fine sand but larger densities are present in
silt—;lay; However, it is possible that other factors 1imit the distri-
bution of.g. securis on fine sand. It was sugg?sted eérlier that tem- ‘
perature may béla limiting dispersal factor and it is shown later that
interspecific competition and food supply may also be limiting.

‘Gale (1969) showed that M. transversum prefers mud over sand&-mud

~and sand in a circular substrate apparatus. Meier-Brook (1969} found that
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Fig. 52 The relation between the distribution of Muscwlium securis and

the maximum temperature observed at various depths of water in

\ Britannia Bay.
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!
Plsldlum 1ill jeborgi prefers flne-gralned organic sedlment and that P.

_/""'

nitidum and P. hlhﬁrnlgnm prefer coarse organic substrates with large-

pored interstitial spaces. b

of thelseveral factors in leaves and soil that could affect the
growth and fepreduction of M. gecuris, ealciuﬁ would be among the most /
:meortan£ since it is used in shell formation. The importance of calcium
is indicated in Fig. 53 which shows a strong correlation beﬁween

the calcium content of leaves and the growth and natality of M. securig;

' no correlation occurs with the calcium content of soile. The significance
ofﬁgoils and leaves to the growth and reproduction of M. securis is
discussed later in the section "“Food habits". Comparable caleium contents
were found forlthe same leaf species by Chandler (1939, 1941), Bard
(1945), Lutz and Chandler,(1946), Scott (1955), Coile (1937). Slack
(196, ) has discussed the effects of tree leaves on water quallty.

In ore mole of calcium carbonate (i.e. 100.08 g) there are approxi-
mately 40.08 g Caf100.08 = d i, parts of caleium. ‘Since the shell is
composed primarily of caleium carbonate, the dry weight of the shell
multiplied by 0.4 gives an approx1mate estlmate of the calcium in the
shell. The estimate 1s only approximate because it does not consider
the weight of the periostracum and conchlolln of the shell. The average
maximum length attalned by M. securis in Carp Pond and Greely Pond is
5.80 mm and from Fig. 24 this length corresponds.. to an average dry
shell weight of 6.70 mg. Therefore, the.approximate calcium.content per
adult shell (i.e. not coneidering,requiremehts‘of developing larvae)
is 6.70 x O.4 = 2.68 mg, Since the calcium content of leaves varies

from approximately 10 to 30 mg/g, one adult M. securis requires appro-




CA4TE -

Fig. 53 The average litter sizes and maximum shell lengths attained by

Musculium securis in relation to the calcium content (%.of dry

weight) of eight species of tree foliage: (1) black willow, (2)
white elm, (3) trembling aspen, (4) white cedar, (5) white birch,
(6) white spruce, (7) red oak, and (8) red maple, Correlation

- coefficient (r) for litter size ='O.79 and for maximum length

v

attained = 0.90.‘
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ximately 7.5% to 37.5% of calcium in each gram of'leqf litter. This
percentage may be bigher if_adults also storeAcalcium in the soft tissues, 'f’ -
as in some gastrbpo&s.(Kapur and Gibson, 1968: Haley and Gibson, 1971);”” .

'Severai factors have to be considered bgfore assessing thé
importance of tree foliage and different soils as limiting factors in.the
‘distribution of M. securis. First, a high water tabig must be preéént
and the soil should have properties which_are conducive to the formation
of a body of water for at least a part of‘the year (the life history
studies indicate the necessiﬁy of water from November to July).
Second, only certain forest tree spébieé can toleréte wet environments\;\
e.g. white elm, éome willows, red maple, cedars, and some oaks (Hosie, |
1969). Third, leaves of some tree spaciés are more conducive to the
growth and reproduction of M. sécuris‘thén are others; therefore, the
abundance of one tree species relative to another may offen be important.
Fourth, the importance of tree follage and different sozls as llmltlng
factors probably decreases with increasing size (volume) of the body of
water.

Some invesfigators (Shimek, 1950) have related the distribution of
land mollusks to the distribution of certaln tree speclies but none has .
studied thlS relation w1th-ﬁtshwater mnllusks. However, Krull (1936) has
found that leavés (oak) are also important in raising M. Egggggg;gg in
the 1aboratory; Boycott (1936) has discussed several other factors
" that limit Fhe distribution of mollusks, including sphaeriids, in Britain.

-The preéent‘study indicates that sulfate concentration in excess
of 100 mg/l are harmful to the growth of M. securis but natalities are
not_significantlf affected until exposed to concentrations exceeding

200 mg/l. However, as the sulfate concentration is increased, the pH
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‘decreéses. Therefore, it is difficilt to deﬂerminé whether pH or -
sulfate is the llmltlng factor. Since the same inverse relationship ';;/;///,//’<
usually exists between pH and sulfate in the natural habltaé 1t can//””

,

only be concluded that high. sulfate concentratlons hagg/elther a direct

ey N i
or indirect effect on the\growth and rqprodggtrGﬁigggi. sectiris.
High concentrations of gg;fate may also limit the distribution

~

of M. securis although,spééiaéns_haVe been collected near Sudbury, -
Ontario (see colle;£ion in National Mﬁseums of Canada, #NMC 28610)

where sulfur dioxide apparently is a serious atmospheric pdllutanﬁ (Rao

and Leblanc, 1967). -In the presence of moisture, sulfur dioxide forms

sulfurous acid which is slowly oxidiied to sulfuric acid; the acid in

turn is converted to sulfates such as ammonium and calcium suifate

(Johnstone and Coughanowg 1958). The effects of sulfateé oﬁ the

distribution (as well. as on growth and reproduction) of sphaeriids, and

indeed on other mollusks, have not been reported in the literature.

-

‘High concentratioﬁs of rock salt and sodium chloride have a greater
adverse effect on the growth and rebroduction of M. securis than do -
high concentrations of calciun chioride. Less growth and smaller
natalities occur. with increased concentrations of rock salt and sodium
chloride, particularly in.concentrations'gréater than 200 mg/1. The
results obtained using calcium.chloride aré more difficult to explain.
Clams show more growﬁh with-incréased concentration of calcium chloride
but growth ip all concentrations studied are less than those observed
in the control dishes (Fig. 43). To explain this phenomenon, the author

can oniy specﬁiate that ‘chloride has an adverse effect while calcium has
a stimulating effect on the growth and reproduction of M. gggg;ig. I

thls-lnterpretatlon is correct then the adverse effects of chloride are
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_ more pronounced it low calcium chloride concentrations and the stimulettng
effectf of calcium are more pronounced at high ooncentratlons. ‘As
Table 16 1ndlcates, calcium chlorlde has a greater effect on the growth.
than on the natalities of M. securis.

The results albo lndlcate that road salts could be a major
factor in limiting the distribution of M. securig. This is particularly
true in northern latltudes where sodium chlorlde is used in the w1nter
months to remove ice from roads. The effects of road salts on growth
reproductioo and distribution of other sphaeriids have not been reported
in the literature.

It is apparent that M‘ securis cannot tolerate gross chemical
and/or organlc pollution of pulp and paper, slaughter house, and raw
sewage effluents. It is not possible to idemtify those factors in the
offluents that affect the growth and reproduction of M. securis although
the water quality data indicate that<1arge B.0.D.'s and coliform bacteria
counts may be major factors. Since M. gecurig often is exposed to very
low oxygen levels (less than 1 ppm) in the temporary aquatic‘habitats,
it is doubtful that oxygen 1s a limiting factor in the growth of M’.
securig below the outfalls. Thomas (1965) also concludes that oxygen
is not a limiting factor in the growth of M. QégﬁggggggL

The effluent below the pulp aﬁd paper mill carries large quantities
of wood fibers but very'llttle entered the chambers in which M. securdis
adults were maintained. Therefore, growth of M. securis below the pulp
and paper outfalls nay not represent the added effects of wood’ﬁiiere.

The increase in growth and reproduction of M. securis wit
ingreased distance irom therpulp and paper_outfaiis indicates that the

sﬂecies can survive in recovery zones. However, as indicated above,
| ) . .

T
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the env;.ronment in the growth chambers may not have been repfesentat:.ve \of .
e, environment in the "natural" habltat“nelow t.he out.i‘alls. Wurtz' (1956)
suggested that. M securis , s well as several other sphaer:.:.ds, “ecan
survive, at least to gome degree, in the zores of degradatlon and .
recovery". Ingram et et als(1953) concluded that S. solidulum could not" .
tolerate‘lntenﬂve pollut:.on from domestic sewagé but that it may respond

to a sl:.ght fertlllzatn.on effect from domestic sewage by 1ncreased |
productlv:l.ty. Kehr et al. (1941) and Purdy (1930).consider the Sphaerndae

as a group of sewage-tolerant organisms while many others (Morgan, 1930;

Carpenter, 1928; Baker, 1922) associate them with clean waters.

(2) Biotic factors .

_‘ The -effects of population density on the life his'tory of M.
secgg;\'s are discussed in the section ™Signifitance of litter size".

. Although the author cannot define the fac‘t;ors for which M.

secuﬁs and M. transversum were coﬁxpetin’g, he is reasonably certaie that
space was one of the most J.mportant the “open—natu._re" of growth tubes,
presumably: permitted a constant. supply of food organisms. The results
indicate that under overcrowded condltlons and where one species predom:mates
(i.e. greatly outnunibers the other) (1) .competition among individuals
of the predomln.a.nt spec:Les is primarily mtraspeca.fn.c, and the presence
of the subdom:l.nant species has little effect on their growth and reproduc—
tive "capac:.ty, (2) mterspeca.i‘lc competition results in reduced growt.h
and reproductlve capac:Lt.y of individuals of the subdominant
species, and (3) M. 'securis is usually more prolific and t.herei‘ore a .

better compet:.tor as a subdominant specles than is M. t.ransversum.

When the numbers of individuals in each species are equal under overcrowded
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condltlons, competltlon is primarily 1nterspec1flc, %artlcuiarly durlng
‘early stages of growth; M. transversum is more prollflc and therefore
a better competltor than H " securis. Where less crowded condltlons
prevall competition is p 1mar11y 1nterspec1f1c and M. transversum is
the better competitor sirnge 1nd1v1duals produce more young per parent
than do M. securis. | ‘ - s
The competitive eﬁolusion principle (Hardin, 1960) states that.
complete competltors cannot coexist, Althongh there is no definitive
evidence that M. securis and M. tran?verSUMLarecomplete competltors, the
present study indicates that coexistence in nominal numbers 1s p0531ble
under overcrowded conditions and when one species greatly outnumbers the
other. However, in the natural habitat, overcrowded conditions usually
do not prevail. Also, the sequence of events that occurs in the colon-
ization of a suitable heoitat where M.'securis and M, transversum have
Just been lntroduced would probably favour establlshment of the latter.
For example, M. transversum has a hlgher reproductive capaolty than
M. securis and populatlon growth of the former spec1e5 would be pro-
portionately faster. Theoretically, as.the densltles dﬁ;the two spec1es
increase, interspecific competition would also increase and the rel
productive capacity of M. securis would be dépressed. Without.mortdt—
ity, eventually the carrying capacitf of the habitat would be filled
at which point the population of M. securis either becomes extinct or
is present in nominal numbers. ' .
Support for the eémpetltlve exclusion principle’ is seen in the
dlstrlbublon patterns of M. securis and M. tgggggggggg in Britannia Bay
(Fig. 5,). The two species may be found together but one usuaLLy greatly

outnumbers the other in the deeper waters. . However, experiments showed
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Fig. 54 Relation between the distribution of Musculium securis and Musculium

transversum in Britannia Bay.
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that. ﬂ securls grows much faster than M. transversum in the 3-h m
depth of Brltannla Bay, even 1n the absence of 1nterspec1f1c competltlon.
Therefore some factor is apparently present in these depths that favours

growth of M. securls but not M. trggsversum, hence they are not complete
M

St

competitors in the 3-4 m depth. -

Apparently parasitism has little effect on the growth of M.
securis, although this needs to be studied further. The main effect
of parasitism is on the repreductive cycle since no developing larvae v
are present in parasitized adults. Similar results have been reported
for M. transversum (Wenke, 1965; Gale, 1969) and S. striatinum (Cheng
and James, 1960). ‘ : .

Evidently, predation on g. securis by fish is of little sig-
nificance as a mortalit& Eeztor. Although there are no data, several
observatlons jndicate that the primary predatorsof M. securis are
probably waterfowl. Black ducks usually breed and feed in Carp
Pond, Greely Pond and Lac Bourg901s during the early summer months;
several d1v1ng ducks are commonly seen in Britannia Bay. Gale (1969)
attributed predation by ducks, fish and leethes as.impertant factors in
reducing densities of E; transversun. ‘

The contagious distribution of estivating newborns in Carp Pondgf_
suggests the influence of factors in the soil which are themselves
contagiously distributed. Only a few soil factors were analyzed but their
values show no influence onrthe newborn dispersal. One suggestion 1is |

that the parents release their extra-marsupial larvae in "bunches" and

thus produce a contaglous distribution.

Several species of sphaeriids 1nclud1ng M, Qartumelum (Thomas,




1959, 1963), M. lacustre (Mitropolskii, 1965), M. transversum (Gale,

1969), S. occidentale’ (Herrington, 1948), and S. cornewn (Mitropolskii,

¢

1965), are capable of estivating. Very little is known aboub the

estlvatlng .habTts and associated phy51olbglcal processes of sphaerllds,

although_Mltropolskll (1965) has studied the tolerance of drylng in

M. lacustre. /

S

Slgnlflcance of litter Size .

The data in Table 21 and Fig. h? show clearly that (1) the total
recruitment per growth dish increases-with increasing densities of

the parental:stocks, to an asymptotic value (approx. 72), (2) recruit-

ment is greater than the carrying capacity (approx. 16 reproductive
parents) of the growth dishes, (3) the total litter size per average

reproductive parent decreases w1th 1ncrea31ng densities of the parental

stock, Lo an asymptotic value (4.5). These results support Lack's
(1948) hypothesis that witter-size is selected per se, and that the

. ) ~
genotypes selected are those which result in the maximum number of

descéndants".

Since recruitment exceeds the carrying capacity, it can be
inferred that reproduétive parents produce a surplus of young. This
surplus repréSents ﬁortality above the carrying capacity in a balanced
p0pﬁlatiOn and is a functlon of populatlon densities (Fig. 55)., Therefore,
mortality increases with increased ‘densities to an asymptotlc value.

Figs. 47 and 55 ihdicate that mortallty increases as the litter size per
parent decreases, tahan asymptotic value. This is in direct contrast to

Lack's (l9h8) proposal that as “lltter—51ze increases, the prqportionate

mortality among the young jncreases, and that eventually an optimum

L pL bl
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Fig. 55 Relation between surplus recruitment and density of parental stock

of Musculium securis in laboratory growth dishes. Curve was fitted

by eye. . /
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litter—sizé is reached beyond.ﬁhich.the initial advantage of‘an_éxtra
. youngster is more than offset by the rise-in proportionate mortalityn.
While it is™gue that in a balanced populatlon, blrth rate and mortallty
must be equal) Lack (1948) maintains that thls balance is prlmarlly
brought about. by varlatlons in the mortallty and rthe.birth rate
(Litter-size). The present study indicates that this is a valid hypo-
thesis only for surplus recruitment.' That is, surplus recruitment
acts as a buffer in maintaininé tho carrying capacity. However,
if mortality exceeds this sufplus, the balanced population can only be
restored by increased reproductive activity.— Lack (1948} further contends
that litter size does not vary sufficiently to achieve‘population balance;
it is suggested here that marked variations in litter size may not be
common.doe to the buffer effect of the surplus recruitment. Although
largely speculative, the buffer LE'ect of surplus recruitment may be an
rmportan£ mechanism in population control. Tt is possible, although
it remains to be shown, that the wide fluctﬁations in population dengities
that normally occur in nature (Micholson, 1933; Ehrlich and Birch, 1967}
are partly the flgctuations in densities of surplus individuals.

The life history studies tend-to support the above conclusions,
The total litter size per average reprodoctive paront.in each ﬁabitat is
given in Table 27, and was calculated from data in Tables 3 and 4. That
is, the total litter size per ayerage parent = (average numoer'of extra—
marsupial larvae in first litter x proportion of parents producing‘one
litter) + (total number of extra-marsupial larvae in two litters x pro-
portion of parents producing two 1itters). For example, the average

parent in the 1970 Carp Pond population produced a ‘total litter size .of

”~




158

&
(3.0 x0. 36) + (5 1 x 0.64) = 4. 34. The daﬁa from the Carp Pond
. pOpulatlon are partlcularly important - because clams from this populatlon
were used in the growth experlments to obtain the results in Table 21
and Fig. 47. h; expldined earlier, the increase ih total littér size
per average parent in 1971 probably reflects the effects of the authors
sampling efforts in 1970. In.this context, the 1971 data support the
contention that the total litter size per average reprodqctlve parent
increases with decreasing densltles. Alﬁhough the increase in'1971
was not substantial (and may indicate the burférlng effect of surplus
recruitment), an increase of one extra newborn per parent becomes more
important in dense populations. |

The total Litter sizes per average parent in Britannia Bay
(Tables 4,5,6, 27) “sre mach smaller than those in other habitats. This
supports Lack's (1948) qontention that litter size can be mpdified
adaptively; the transplant studies indicate that the Britannia Bay
population has adapted to conditions in Britannia Bay and adults show

little reproductive capacity in other habitats (Table 6).

Table 27. Total litter sizes per average parent in four populations.

GREELY | — LAC
CARP POND  POND BRITANNIA BAY  BOURGEOIS

lé?O 1971 1972 1972 1970 - 1971 1972 1971

Total litter size
per average 4.32 5.70 L4.83 L.79 2.43 3.12 . 2.44 5.62
parent '

'A comparison of Tables 5, 6, and 27 shows that larger total litter

sizes are achieved primarily by an increase in the number of litters produced.
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Howéver; the data also-show that there may be énrincrease in the averagé.
litter siie as well. As discussed previously, this éppeafs to be achieved
by an increase in the. viability of developing larvae rather than by an‘
incréase in egg production. Therefore, increased recruitment in M.
securis is a funcﬁion of both larval viability and of number of litters
produced. "

The results also support Wright and Eaton (1929) who suggest

that small litter sizes to some extent iﬁdicate unfavourable conditions.

| Britannia Bay is a more stable enviromnment (at least with respect to-r
fluctuation of water levels and water quélity) than the otﬁer habitats
and faQOur reduced litter sizes; instability 6f conditions in the ponds
favours increased litter sizes. Cody (1966) onlthe basis of environmental“
stability and utilization of foqd resources, predicted that birds favor
reduced clutches in stable environménts (e.g. the tropics, islands, and '
coasts) and increased éluﬁch sizes in unstable environments (e.g.
inland'tempgrate.regions). Cole (1954) postﬁlated several\me§hanisms
by which semelparous and itéroparous animals couid increase_their bictic
potential through an increase iﬁ'the total litter size. Heard (1973)
considered these postulates with regard to sphaeriids. -

The sighificance of litter size in inte;preting the results of
thg eéological experiments is also importanf. It has just been shown -
tgat M. securis produces a éurplus of newborns, This surplus must be .
sufficient to compensate for mortality due to environmental resistance
factors ihat occur in nature but not in the 1aboratory'growth dishes.
Therefore, if mortality due to predation, para51tlsm, competltlon, ete.

(i.e. factors not usually present in growth dlshes) exceeds surplus recruit-
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ment, the population will not be maintained at carrying capacity, es-
. pecially if reproduetion is already occurring at maximum rates;‘l
-Fooleabits

‘$he food habite of sphaeriids have received 1ittle attention.

The present study indicates that there is no selectivity in the ingestion
of” food 1tems among di.fferent size classes. No plankton'sameles of the
water from the four habitats were taken to determine the select1v1ty

in ingestion of food items by M. securis, but Gale (1971) has shown that
M. transversum feeds qonnselectively on phytoplankton; his studies also
indicate ihat diatoms are important.organisms in clam guts.

Laboratory studies show that there are facto;s in both seil and -
leaves that are important to the growth and reproduction of M. securis.
Autoclaving of soils and leaf~leachate kllls all organlsms. Therefore,
the lack of growth in dishes contalnlng‘autoclaved goils and aut0claved
filtered leachate indicates that living organisms are necessary for growth
and that ﬁutrients in elemental or detritus form are not sufficient to

sustain M. securig. Since more growth occurs in dlshes contalnlng :

" unaltered soil and autoclaved filtered leachate, ‘than in dishes containe o

ing autoclaved soil and autoclaved, filtered leaf-leachate, most of the
food ofganisms must be in the soil. Aso, M. aggg;ig_mest derive some
nourishment (although apparemtly 1little) from leaf tissue since more
growth occurs in dishes containing leaves (and unautoclaved soil; unal-
tered leacﬁate)‘ Several unsuccessful attempts have been made to grow
M. securis in dishes with only soil and distilled water. The fact that
M. securis can grow in dishes with unautoclaved 3011 and autoclaved,

fiitered leachate but not in dishes with unautoclaved soil and only
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distilled water indicetes that leaves contribute nutrients in elemental
fonn./}bﬁever, it was shown above that living organisms areinecessany coL
for growth of M. securis. Théferore, it is implied that the nutrients

in elemental form are taken up by microorganisms whieh.in turﬁ are l

-

deveured by M. eecuris.
Apparently, tree foliage is not pertinent to the growth'of M.

securis because the species occurs in Britannia Bay where tree foliage

is absent. However, there is a large biomass of algae (primarily Vaucheria
and Lyngbya) in the sediments of Britannia Bay. Analyses of the intes-
tinal contents of M. securis f;om Britannia Bay shows that they feed on
cyanophytes andehrysophytes (as well as diatoms) which are pfobably

Lyngbya and Vaucheria, respectively. Farther eupport is seen in the

strong correlatlon (r=0. 79) between the biomass of Lyngbva-Vaucherla

(the two genera occur together in entangled masses) in the sediment and
the densities of M. securis in various depths of Britannia Bay (Fig. 56 a,
b); each plot in the figﬁre represenﬁs the average dry weight of algae
and the respective densities of M. securis in four samples, each sample
being composed of four pooled Ekman grab samples (i.e. total of

16 samples per plot). Fig. 56 c shows a strong correilation between the
calciun content of the algae and the abundance of M._securis in Varlous
'depths of Britannia’ Bay The ca1c1um contents were determlned in the

same mariner as for the tree foliage {see Materials and Metheds).

Distribution of Musculium securis:

Being restricted to the North American continent, M. securis
has a nearctic distribution (Fig. 57 a). It occurs in a variety of habitats

such as temporary and permanent ponds, lakes, rivers, and creeks. Herring-
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Fig. 56
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Relation'between the abundanée of Musculiumn securis and the biomass

of Lynsbya-Vaucheria algae.: {a) The abundance of M, securis per

.~ gram of Iyngbya-Vaucheria algae in several Ekman grab samples of

Britannia Bay sediments.. Correlation cecefficient (r) = 0.79.

(b) The biomass (g/Elman grab) of Iyngbya-Vaucheria algae in various

_depths of water in Britannia Bay. {c) Relation between the

- abundance of M. securis (no./g of algae) and the calcium content

(mg) of Lyngbya-Vaucheria algae. Corfelatipn coefficiemt (r) =

0.81.
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ton (1962) has recorded the species from Newfoundland,lNova.Scotia, - § o B
" New Brunswick, Quebec, southern Ontarao, and Brltlsh Columbia. - It hag
- since been found by Clarke (1973) in northern Ontarlo, Manitoba, Sask- . _ 2
atchewan, and Alberta in the ‘Hudson Bay dralnage s;gaﬁﬁii/In the Unlted .
States M. securis has beenlreported from the states of Washington,
Montana, and most states east of, but not ' including North Dakota, South
Dakota, western.Nebraska, Kansas, Ok%&homa, and western Texas (Herrington, -
1962; Heard, 1962ab, 1963). The species has not been recorded from but
probably does occur'in the eastern states of West Virginia and Kentucky;
The original range of M. securis is‘difficult to determine because
the species not only occurs in several drainage systems but also in
isolated aquasic habitats such as temporary forest ponds. Since it is.
a common inhabitant of isolated ponds and has no apparent ability to
actively emigrate overland, the primary means of dispersal are probably
passmve in nature.
Of the several animals that may serve as agents of transport

S
overland, the black duck, Anas rubripes, may be among the most Jnmnrtant.

Black ducks breed and/or feed in Carp Pond, Greely Pond, and Lac Bourge01s{

a1l of which have no connection with any drainage systems. Perhaps.of o
greater signifioance is-the similar distribution patterns of the black

duck (Fig. 57 b) and M. securis (Fig. 57 a). The distribution of M. .
'gggggii in the western parts of Canada and the northwestern parts of the

United States' can probably be explained by the migration of otker

migratory birds such as mallardB{ as platvrhynchos) and greater scaups

(Aythya marila), both of which frequent- Britannia Bay. If M. securis
is dispersed to a body of water within a drainage system, it ig possible that
. : iy o .

@
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Fig. 57 (a) Distribution of Muscwlium securis in North America. The

! small black dots represent locations of M. securis that were
identified by H. B. Herrington or reported in lthe literature
(Heard, 1962b, 1963; Clarke, 1973) or found by the author,
The large dots refer to states in which M. securis has been
found but the specific localitieswere not reported

(b) Distribution of the black duck, Ana’s rubripes, as reported by

Stewart (1958). W\ swwmer range, //// winter range,

ll

yearly occurrence. .
(¢) General distribution of the d&idumzs” forests in North

America (adapted from Hosie, 1969-&Ad Fowells , 1965).
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the épecies may be:fﬁrther distfibﬁted_b&,égents (3.e. fish) of that
Idféinage system. -fhe ecological requirements,{discusséd in previgus
chapters,ﬁht‘of course pertineh;‘td the occurrence of ﬂ.-seéﬁrisn
:'Tﬁldete&ndne if M. securig could shrvive aeriai t;énspbrt, several size.

classeé of ladults were suspended from stfings (held Eetween the sﬂells)
for 10, 20, and 30 minutes. ALL clams survived after 10 min.,uso%'diéd
after 20 min., and all adults ﬁgre dead after 30 min. 4hen retdfnéé'to
water. Their death was attributed to the formation of an air bubble
between the shells. Oﬁher adults were then kept between a damp c¢loth and
all survived after 30 min. when returned to water. EVidently‘é:thin £ilm
of water was necessary to prevent the formation of air bﬁbbles. If the
clams did not die from the direct effects of the'air bubbles, they
probably evegtuaily succumbéd;to the buoyancy effect where the.éir bubble
kept the clams éfloat; ' | . .

it is also possible that M. securis could survive transport in
the intestines of animais. The species is viviparous so that the larvae
are protected by the parentts shell and gills. It follows that a greater
percentage of-e%tra—marsupial larvgg‘would probaply pass through the /
intestine than would adults since the latter would be more vulnerable to e
the digestive juices of the. transport agent: Another adaptation to -
_ internal (and external) transpori‘may be the appearancé'of extra-marsupial
larvae in pafents during the feeding season of migratory birds such as
black ducks. ‘ébweven, it still remains to be shown if M. éggggig can
survive intestinal transport.

Several authors ﬁave suggested that the dispersal of mollusksl o

) ~“may be passive, effected by attachment to_aquatic insects, crayfishes,
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i‘rogs s salamanders, and aq‘uatlc birds (KeW, 1893, Rees, 1965) or by
passing unharmed through the intestinal tract of fish (Ohdner, 1951)

| Other authors (Boycott 1936; Baker9 1945) have suggested and Malone
(1965a) has shown that snalls are capable of attachlng themselves to the
feet of birds and of retaining their viability for su£f1c1ent lengths

of time to effect passive overland dlspersal. In a sﬁud& df internal
transport, Malone (1965b) thought. it unlikely that thF: dlspersal of
snails ﬁvia the intestinal tract is of much 31gn1flcapce" since a very

rsmall‘percentage of snail's eggs'femain viable in feces; he concluded

{
were carrled in the bird's crop and later regurgitated. Although a

that internal transport would be more effective if snails and egg masses

very small percentage of eggs passed unharmed through the intestines of
lblrds in Malone's study (1965b}, it is only necessary for one . egg to
develop in order to start a populatlon. This is partlcularly true for
hermaphrodltlc spec1es.
 The ecological studles showed that in general, leaves from

deciduous trees, espec1ally willows and white elms, are more conducive

to the growth and reproduction of M. securis than ard leaves from conifers,
although the 5011 is also a magor factor. Fig. 57 c,shows the striking
similarity in the dlstrlbutlon patterns of M. secur14 and dec1duous forests
in North America and supports the results of laborat ry growth studles.l

White birch and trembling aspen are common dec1duous'trees in the con-

iferous forest region (Hosie, 1969) and may explain the occurrence of

M, securis in western Canada and United States. Also, some localities are
large bodies of water and forest tree follage has relatlvely little effect

on the water'quality (compared to small isolated forest. ponds).

“x
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SUMMARY
The taxonomy,lanafomv, life histoij3 ecoldgy, food habits;'and'

»diétribution of M, éegggighéve been discussed. This study shows that

(1) the preéence of calyculae on.shells is probably a reliable diagnostic

character of the genus Musculium. (2) Brood sacs develop on certain o

filaments of the inner gill, this brood sac-filament relationship being

a reliable tool in determining t.ll'le number of litters produced. (3) The . -
byssus consists of a byssal stalk that is secreted from cells in the base
of the byssal gland of the prodissoconchllarva's foot, and a byssal-
bulg'that inserts on the parentts gili filaments; the probable function
of the byssus is to prevent precocious birth of extra-marsupial larvae.
(4) The life history ofji.'seéuris typically consists of a one year life
span with growth and reproduction limited to the spring and/or summer
months, a.birfh period occurring in mid-summer or late fall, semelparous
reproduction with one litter (or two litters in one birth period) per
year, and a fall and winter dormancy period. (5) Intraspecific variations
in the life_history exist at both the intrapopulatidn and(interpopulation
level, Intrapopulation variations'are primarily caused by abiotic and
biotic factors. Adaptive modification in ééqwth and litter sizes may
cause interpopulation variations in life history. '(6)-Reproduction in

M. securis does not occur at maximum potential rateg but is of sufficient
magnitude to cause surplus recruitment. (7) M. securis ingests phyto-
plankton with diatoms being the most important intestinal organism., Food
organisms-come primarily from the soil. Tree foliage contributes consider-

up by M. securis through

able amounts of calcium which is probably tak
the food chain. (8) The geographié and local/distribution of M. securis is

a function of the distribution of-dispersal agents and_oﬂ abiotic and biotic

factors.
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