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Species differentiation of the glochidia of Anodonta cataracta Say, 1817 and Anodoyy,
implicata Say, 1829 (Mollusca: Unionidae} by scanning electron microscopy
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Ranp, T. G., and M. WiLES. 1982, Species differentiation of the glochidia of Anodonra cataracta Say, 1817 and
implicata Say, 1829 (Mollusca: Unionidue) by scanning electron mictoscopy. Can. J, Zaol. 66: 1722-1727.

Morphoiogy of shell valves, shell valve terminal plates, marginal and plate protuberances, sensory tufts, and valvyl
was studied for usefulness in congeneric differentiation of glochidia of Anodonta cararacta Say, 1817 and A, implicarg g,
1829 from two lakes in Nova Scotja. Investigation was with a Cambridgs S150 scarning electron microscape operated at (|
Shell valve and terminal plate structures and spatial and size frequency distributions of plate protuberances allow discrimingy,,..
of these two species of Anodonta. The tubercle-like protuberances probably aid attachment to fish hosts, SEnsOry tufts aiy
detection of host and environmental stimuli, and valvular pores may function it nutrition and respiration of glochidia, Possiy.
function of valvular pores was inferred from the observation that they penetrate mantle and valves completely. )
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Ranp, T. G., et M. WiLEs. 1982, Species differentiation of the giochidia of Anedonta cataracta Say, 1817 and Anodon,.
implicata Say, 1829 {Moliusca: Unionidae) by scanning electron microscopy. Can. J, Zool, 60: 1722-1727.

La morphologie de certaines structures a fait 'objet d'une étude détailiée chez Anodonia cataracta Say, 1817 et A. implicq,
Say, 1829 en deux facs de Nouvele-Ecosse, afin d’établir 'utilité de ces structures dans la différenciation congénérigue d.
glochidies; ce sont: les valves de Ja coquille, les plagues terminales des valves, les protubérances sur les plaques et en bordure, je.
touffes sensoriclles et les pores valvulaires, Un microscope €lectronique 4 balayage Cambridge $150 opéré & 10kV a servi
I"étude. Les valves de ia coquille et les structures des plaques terminales de méme que la répartition et la distribution de fréquenc.
des tailles des protubérances des plaques permettent de distinguer les deux espéces d’Anodonta. Les protubérances semblables ;
des tubercules favorisent probablement I'attachment ay poisson-hote; les touffes sensorielles servent probablement & repére

I'héte et & détecter les stimulus du milieu; les pores vaivulaires jouent sans doute un rdle dans la nutrition et }
glochidies puisqu’ils traversent entierement le mantean et les valves,

Introduction

In a statistical study of shell valve morphometrics of
freshwater Nova Scotian unionid glochidia, Wiles
(1975) showed that the larvae of the two species
Anodonta cataracta Say, 1817 and A, implicata Say,
1829 are morphologically similar when viewed with the
light microscope. However, in this study it was estab-
lished that the glochidial shell valves of these two
species are morphometrically distinguishable by a com-
parison of mean length with mean breadth.

Morpholegical descriptions of glochidia available in
the literature (Coker et al. 1921; Surber 1915} are
madequate for identification of species, allowing only
the differentiation of genera.

The use of the scanning electron microscope (SEM)
has become increasingly important in describing surface
structures of parasites, yet there is only one previously
published study on the surface characteristics of glo-
chidia, that by Atkins (187%) on Hyridella (Hyridella)
drapeta (Iredale), of the family Hyriidae. Glochidia in
this family are rather different from those in the
Unionidae.

"Present address: Bermuda Aquarium, Museum and Zoo,
P.0O. Box 145, Flatts Smith’s 3, Besmuda.
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The current work consists of an investigation of
glochidial morphology and structures using SEM, with
special emphasis on shell valves, shell valve terminal
plates, marginal and plate protuberances, Sensory lufts,
and valvuiar pores. The functions of protuberances ang
pores are discussed and the morphological differences
between glochidia of two species of Anodonta are
shown.

Materials and methods

Advanced glochidia were recovered from marsupia of
gravid A. cataracta and A, implicata from Shubenacadie
(44°58" N; 63°34" W) and Ponhook (44°55' N; 64°00° W)
lakes. Hants County, Nava Scotia. Adult clams were collected
during the period November 8, 1970 to August 8, 1974, and
were expeditiously fixed and stored in cold 70% isopropyl
alcohol.

Identification of adults was based on shell valve morphology
and on comparisons of specimens with the line drawings of
Athearn and Clarke (1962), Clarke and Berg (1939), Johason
{1946}, Matteson (1948). and Ortmann (1911). Shell walve
length to breadth ratios were compared and tested statistically
for significant differences.

Excised pieces of marsupia from the alcohol-fixed speci-
mens of each clam species were secondarily fixed for 2k in
1.5% osmium tetroxide in a 0.1 M phosphate buffer, pH 7.4
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TapLE 1. Comparison of mean length and breadth measurements of advanced marsupial glochidia of
A. cataracta and A. implicata

P ot

Species No. measured  Mean length D Mean breadth SD df ! P
A calaracta 200 382.00 27.15 383.1) 2644 416 0423 06
A. implicata 84 345.82 i6.55 345.48 1398 166 0.144 6.5

TaprE 2. Comparison of the mean leagths of the large protuberances on the terminal, ventral plates of A. cataracta
and A, implicata

B
Approximate Wilcoxon two-sample
i-test statistics {Mann—Whitney) fest
Mean
Species No. measured length (pm) SD 1.* P Ut I3 P
4. cataractd 29 15.64 *3.500
: implicata 26 i1.16 +2.284 5.68 0.001 784.5 6.87 0.001

» Because of heteroscedasticity, the 1 value was calculeted vsing the approximate st formula: 1) = =(F, — 53 ~ (1, ~ o)/ VIS 2 7m0 + (82272},

n
.

1), was calculated as C ot (myny) - C, whichever was greater, using the formula C = {n-ny + ny(ny + b/ - E_R, where ny is the size of the

wrger sample (= 26} Then 1. = U = (nyny /23 /N nymaln, + ny + 13712,

clochidia were later freed from maternal tissues by shaking,
:_;1!lcc[ed in Pasteur pipettes, placed into Reichart “flo-thro”
saccimen holders, and dehydrated in a graded ethanol serjes.
}-T:hanof was replace¢ by acetone and critical drying was
wrough liguid CO, in a Sorvall critical-point drying apparatus.
the glochidia were mounted on SEM specimen stubs with
conductive silver paint, coated with approximately 100 nm of
goid with a water-cooled, Nanotech gold sputtering unit
smedel SEMPREP 2) and viewed in a Cambridge S150 SEM
with lanthium hexaboride illumination and operated at 10kV,

liford E.P.4, 70-mm roll film was used for photomicrog-
qaphy as this type produces excellent results with the Cam-
hridge 5150 SEM.

Results

Description of glochidia

Anodorta cataracta Say, 1817

Glochidia are subtriangular in lateral view (Fig. 1).
Mean length is not significantly different from mean
breadth (Table 1). Externally, ventral ends of the valves
are tapered but rounded. The external lateral surface of
each valve 1s finely sculptured and penetrated by pores
(83 £ 0.25pm in mean diameter. Each pore is
swrrounded by a wall 1.93 = 0.08 wm thick. The mantle
his pores through it 1.87 & 0.51 wm in mean diameter
tFig. 2). The coefficient of dispersion index (based on
the use of the Poisson distribution} for the mantle pores
mdicates that they are distributed uniformly over the
mantle. The ventral valve margin is ribbed (Fig. 3) and
armed externally with small protuberances 2.03 =
.86 wm in mean length. The ventral margins are also
ribbed and armed internally (Fig. 4). At the ventral

margins of both valves there is a prominent triangular
plate 129.97 = 10.72 pm long (Fig. 4) which is widest
proximally and tapers distally to a sharp point. This plate
1s armed with large protuberances (Tabie 2). The largest
of these are arranged into three rows proximally but only
the central row extends to near the distal tip of the plate.
There are also small protuberances of 2.47 = 0.58 wm
mean length on the plate and valve margins, and there is
a discontinuity in lengths between the large and small
ones. There are three sensory tufts lying adjacent to the
distal tip of the triangular plate. A larval thread was seen
in all specimens of this species.

Anodonmta implicata Say, 1829

The glochidia are subtriangular in lateral view (Fig,
5} Their length is the same as their breadth (Tabie 1).
The ventral end of the shell is tapered but noticably less
rounded than in A. cataracta. The external lateral
surface of each valve is finely sculptured and has pores
1.65 = 0.37 um in mean diameter (Fig. 6). The pore
walls average 0.95 = 0.20 wm thick and are significantly
thinner (7 = 5.71, df = 21) than those of A. cararacta.
The mantle has pores through it 1.75 £ 0.46 um in mean
diameter. The coefficient of dispersion index for the
mantle pores indicates that they are distributed uni-
formly in this tissue. The external surfaces of bhoth
valves are ribbed and armed venirally with small
protuberances with a mean length of 2.03 = 0.86 um,
The other margins of the valves are also ribbed and
armed. There is an armed triangular plate 78.83 =
7.64 um long in this species. The plate is in a similar
position to and of similar shape as that of A. cataracta.
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FiG. 1. Lateral view of glochidium of A. cataracra, showing the pores in the shell valves. (Bar is 100 pm) FiG, 2. Internal
vatvular surface showing pores that pass right through the sheli valve and mantle of A. cararacta. (Baris 40 pm.} F1g. 3. Ventral
valve margin of A. cararacta to show ribbing and protuberances on the external valvular surface. (Bar is 10 wm.) Fig, 4.+

Terminal, ventral plate of A. cataracta with its distinctive arrangement of large protuberances in three major rows. (Bar b
20 pm.)y
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100 wm .y Fig, 2. Intema’
40 pm.) Fie, 3. Venrs, FiG. 5. Lateral view of glochidium of A, implicata. (Bar is 100 wm.) FiG. 6, Ventral valve margin of A. implicata to show
{Bar is 10 jum.) Fig. 4+ “elvular pores on the external surface. (Bar is 10 pm.} FiG, 7. Terminal, ventral plate of A. impticara to show how the
hree major rows, {Bar is “Mangement and size of the large protuberances differ from those on A. calgracta, (Bar is 20 wm.) Fio. 8. Sensory tufts
ssociated with the mantle cavity of A. implicata. (Bar is 20 i)
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However, the arrangement of the large protuberances is
different from that in A. cataracta (Fig. 7) and they are
significantly shorter {Table 2). The largest protuber-
ances are centrally arranged in four uneven rows and do
not extend as far distally as they do on the plate of 4.
cataracia. There 15 a gradient of sizes between the
largest and shortest of the large protuberances on the
plate, in contrast to the discantinuity between long and
short ones in A. cataracta. There are three sensory tufts
lying adjacent to the distal tip of each triangular plate
{Fig. 8). Although thousands of specimens taken from
several different adults were carefully examined, no
glochidium of this species was seen with a larval thread.

Biscussion

Glochidia were studied in Europe as early as 1695 by
Leeuwenhoek (Coker et al. 1921). They were first
extensively studied in the United States by Lillie (1865)
and later by Lefevre and Curtis (1910a, 1916b, 1912).
Although these parasites have been known for a long
time, identification of glochidiz to species within a
genus is still a formidable problem where congenerics
occur. Most reports of glochidia recovered from their
hosts are presented as Glochidium sp, (Margolis and
Arthur 1979) which is an incomplete nomenclature.
This practice tells nothing about the identity of the
parent clam and many taxonomic problems remain
unsolved for glochidia (Fryer 1970). Additionally,
because there is ofien considerable diversity in size and
shape of glochidia even within one genus (Lefevre and
Curtis 1912; Ortmann 1919}, there are no adequate
keys for identification of species of glochidia. Although
Surber (1912) constructed a key 1o glochidia based on
dimensions and overall shape, these characteristics are
inadequte for use at the species level.

Unionid glochidia are separable into “axe-head,”
“hookless,” and “hooked” groups, all easily distin-
guishable. Anodonta produces hooked larvae which
have on each valve a terminal plate (also called a tooth,
or & hook or a spine in the literature). In the present study
we show that the prominent terminal plate is an
important taxonomic feature, as are its protuberances.

Detailed morphology of terminal plates and of their
protuberances (variously called spines ar setae in the
literature) was studied for Anodonra glochidia by Lillie
{1893), Lefevre and Curtis {1912), Coker efal. (19213,
and Cope (1959), vet none of these workers realized the
taxonornic significance of these structures. Now, as we
show here, diagnostic differences are evident between
mean lengths of terminal plates and of large protu-
berances and between spatial and length distribution
frequency patterns in A. cataracta and A. implicata by
use of SEM.

Presence of four pairs of presumed sensory tufts in the
mantle of Anodonta glochidia was reporied by Lillie

V0L o0, 1982

(1895), but whether they exist in all species is unknowy,
We prove the presence of four tufts on each valve i boyg
A. cataracta and A, implicata, three being located ney:
the terminal plate and one close to the ventral margin {,;
the adductor muscle. That these tufis are sensory m-gan:
was proposed by Lillie (1895) on structural and hyg,,
chemical grounds. Qur observations on their specip,
locations near ierminal plates and adductor Mgl
provide suppart to Lillie’s hypothesis.

Presence of pores on external valvular walls
glochidia was reported by Lillie (1895), Lefevre ang
Curtis (1912}, Surber (1912}, Coker er al. (192] ), Cope
(1959), and Atking (1979), who gave no details of eithe,
surface structure or possible function of these pores. 11,
present study shows, however, that the pores pass righ,
through both valvular walls and mantle tissue and 1y,
mean pore diameters on the external valvular surface.
and the pattern of their spatial distribution over gy,
mantle tissues were the same in both species. Comple,
perforation of valve walls and mantle by these pore,
indicatcs that encysted glochidia may exchange respiry.
tory gases between their own tissues and those of the
host and obtain nutrients from host tissues, within whicy
they are believed to feed and undergo organogenesi
{Coker eral. 1921).

Presence of a larval thread in Arodonia glochidia wa,
reported by Lefevre and Curtis (1912) and Coker ¢1 o/
(1521). Lefevre and Curtis regarded this structure as y
characteristic of this genus although they apparently
never examined A, implicata to further confirm their
theory. Although its exact function is stifl not known,
the thread is thought to entangle other larvae into a mas
to enhance the probability of multiple infections of s
single potential host with which one or all larvae come
into contact (Lefevre and Curtis 15123, The presen
study suggests that the larval thread in A, implicara is
probably absent, which may be evidence for ecologicai
isolation of A. cararacta from A. implicata.

This study provides evidence for morphometrical,
morphological, and possible ecological differences he-
tween A, cataractg and A. implicata glochidia, In view
of the many problems which still exist in attempting t
differentiate species within a genus, it would be hoth
interesting and rewarding to expand this study and
examine other species of unionid glochidia using SEM.
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