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INTRODUCTION

Lake Waccamaw, an ellipical lake approximately 58 kilometers
west of Wilmington in Columbus County, North Carolina, is the largest
natural lake in the state, encompassing about 3,600 hectometers. [t has a
maximum depth approaching 3.3 meters. A detailed physical deseription
of the lake and the relationship of it to the other North Carolina bay lakes
is found in Frey (1948, 1949) and Louder (1958).

The known molluscan fauna of the lake includes eleven naiad and
three gastropod species, several of which are endemic to the lake (Stans-
bery and Clench, 1978). The uniqueness of this molluscan fauna and its
description have been discussed by Jennewein (1971), Fuller et al.
{1976}, Fuller {1977), and Tuelings and Cooper (1977); however, the
biology, ecology and molluscan interrelationships of the Waccamaw
endemics are poorly understood.

Fuller {1977} stressed a need to know the glochidial hosts of the
Lake Waccarnaw endemic naiads as 2 means of being able to conserve
such species. At present no fish species {in the lake) has been document-
ed as the host for any Lake Waccamaw naiad species. Further, glochidial
descriptions and reproductive history of most naiads occurring within the
lake and its basin are unpublished. Recognition of 2 fish as infected with a
specific mussel glochidia is difficult without an adequate morphological
description of the glochidia of each available mussel species and knowl-
edge of the reproductive periodicity of each. The purpose of this paper is
to describe glochidia recently found during a present ongoing survey of
the Lake Waccamaw moiluscan facna.

METHODS

Modified, randomized, benthic samples from [ake Waccamaw are
taken at quarterly intervals using a suction-lift type dredge. Collecting
bags, of either 1.6 or 6.4 mm stretch-bar mesh screening, are attached to
the dredge and substrate is screened within either 1/16 or 1/4 m2
sampling frames to a depth of 15 c¢m. Non-dredge but quantitative
shallow water substrate samples occasionally are taken. Monthly tissue-
condition: studies of Elliptio waccamawensis {Lea, 1863) {50 individuals
each from several differing lake locations) fumnish additional information
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conceming marsupial presence. Data from preserved specimens col-
lected in 1978 by the senior author and from a 1979 Waccamaw River
collecting trip are included in the data here.

Glochidia used in this study were teased from portions of marsupia
removed from the preserved naiads. “AGW”, an ethyl alcoha! glycerin
mixture recommended by Dr. D.H. Stansbery, (pers. comm.) Ohio State
University, was used to preserve all collected mollusks and naiad
glochidia. Polaroid and 35 mm photographs were taken through a Witd
M5 stereomicroscope using a Wild MKad camera. Classification of
Atlantic drainage North Carolina naiads is in an unsettled state at present.
Lake Waccarnaw nalad names used in this paper are those proposed by
D.H. Stansbery (pers. comm.); naiad identifications were authenficated
also by DH. Stansbery,

RESULTS

Glochidia were collected from marsupia of Elliptic waccamawensis,
E. fisheriana (Lea, 1838}, E. raveneli (Conrad, 1834}, Toxolasmia pullus
(Conrad, 1838), Lampsilis sp., Lampsilis crocata (Lea, 1841), and
Leptodea ochraceus (Say, 1817). Glochidia of E. folficulata (Lea, 1838),
E. Lanceolata {lea, 1828), Viliosa ogeecheensis (Conrad. 1849}, and
Anodonta teres Conrad, 1834 were not seen; however, these latter
species have been collected infrequently during this program. Uniomerus
obesus {Lea, 1831}, found by Dr. D.H. Stansbery in Lake Waccamaw
{pers. comm. ), has vet to be found in any of our Waccamaw samples.

Eiliptio waccamawensis glochidia {Figure 1) dirmensions are found
on Table 1. Hinge shape varies from straight to slightly concave. The
suboval hookless glochidia are marginafly bilaterally asymmetrical
Shape and size of this glochidium appears identical to that of E. fisher-
iana, Marsupia were observed in May, June and August 1979. May and
August 1979 marsupia were not examined for glochidia, but glochidia
were observed in June. In 1980, marsupia containing both eggs ane
glochidia, were present in May, June and July; no marsupia were ob-
served in August.

Area variation in reproductive period of E. waccamawensis was
observed in the 1980 sampling. May traw! samples in the central deep-
water, peat-bottom area contained numerous marsupia with glochidia
while tissue-condition samples from peripheral areas in the southeast,
northeast and northwest portions of the lake coniained no £, wac-
camawensis with marsupia. In June, 46% of the southeastern fissue-
condition sample had a marsupium; of those with a marsupium, 35%
contained glochidia. This same location in July had 34% with a mar-
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supium and 656% of the marsupia contained glochidia. Tissue-condition
samples in June and July from the northeastern and northwestern lake
areas had six or fewer percent with a marsupium present and, when
glochidia were present, the glochidia seemed in poor condition. June and
July data were unavailable for the central area of the lake. No adequate
explanation has been formulated for this disparity between areas in
relation to percent marsupial occurrence.

Elfiptio fisherianal glochidia (Figure 2): dimensions are found on
Table 1. As suggested earlier, these measurements and ratios appear
identical to those of E. waccamawensis. The hinge shape is a straight ling;
the hookless suboval glochidia appear somewhat bilaterally asyrmmetri-
cal. Comparison of photographs and camera-lucida drawings of the two
species suggested no recognizable shape difference; however, the ag-
ductor mussel may be closer to the hinge line in E. fisheriana than in E.
waccamawersis. The validity of this as a distinguishing characteristic is
unreselved. Recent nonrecorded observations of a number of glochidia
show variability in the distance of the adductor muscie from the hinge line
within the sarne species. Glochidia were observed only in July, 1978,

Elliptio raveneli glochidia {Figure 3): dimensions are found on Table
1. Hinge is straight to moderately convex. Shape of this hookless suboval
glochidium is slightly bilaterally asymimetrical. Lengths and heighis of E.
raveneli are smafler and rarely overlap the data range of E. wac-

Figure 1. Elliptio waccamawensis.
Figure 2. Elliptio fisheriana.
Figure 3. Elliptio ravenefi.

Figure 4. Toxolasmus pullus.

FIGURE LEGENDS

Photographs of Lake Waccamaw and Waccamaw River glochidia.

Figure 5. Lampsilis sp. {arrow designates eye spot}.
Figure 6. Lampsifis crocata,
Figure 7. Leptodea ochracea.

Scale indicated in Figure 1 applies to ail figures.

camawensis and E. fisheriona {Table 1. Hinge lengths of all three
Eliiptios are similar. Hinge length/length and hinge length/height ratios of
E. raveneli are greater than those of the other two Elliptios and the
height/length ratio is smaller.

For the sake of accuracy, it must be pointed out that while all E.
waccamaw and E. fisheriana glochidia data are from Lake Waccamaw
specimens, the above E. raveneli glochidia are from specimens collected
August, 1979 in the Waccamaw River. Gravid E. raveneli have not been
collected in Lake Waccamaw by the authors.

ToxolasmusZ pullus glochidia {Figure 4}: dimensions are found on
Table 1. Hinge shape is straight with a weak convexity caused by the
valve umbos extending slightly above the hinge line. Glochidia are
hookless, approximately the same size as E. waccamawensis and E.
fisheriana, and distinguishable by their globose shape. This globose
condition is caused partly by a relatively short hinge length. Hinge

1Stansbery (pers. comm. } has recently suggested that a better name
for this Lake Waccamaw species might be Elfiptio producta (Conrad,
1836).

2Baker (1928) states that the name Toxolsma is not valid and
should be replaced by Carunculiog




length/length and hinge length/height ratios of T. pullus are considerably
smaller than those of the Elliptios. Glochidia were collected June, 1979.

Lampsilis sp. glochidia (Figure 5): dimensions are foundon Table 1.
Hinge shape is straight with the valve umbos extending slightly above the
hinge line, giving the line sometimes a false convex appearance. The
purce-shaped valves are bilaterally symmetrical and hookless. Eye spots
(called “outer hair cells” by Arey, 1920} are evident near the ventral
border. Glochidia were collected in Aprt and June, 1975.

Lompsifis crocata glochidia (Figure 6): dimensions are found on
Table 1. Hinge shape is straight with valve umbas extending occasionaliy
just beyond hinge line. Valves are bilaterally symmetrical, hookless, and
purse-shaped. Eye spots are present near ventral border. Glochidial size
and shape approximates that of Lampsifis sp. The hinge length is general-
Iy larger than that present in Lampsilis sp.; this slightly larger conditon
correspondingly reflects in somewhat higher hinge length/length and
hinge length/height ratio values for L. crocata: Glochidia were collected
inJune, 1979

Leptodea ochracea3 glochidia (Figure 7): dimensions are found on
Table 1. Hinge line is slightly convex with valve umbos generally not
quite reaching hinge line. Valves are bilaterally symmetrical. hookless,
and purse shaped. Eye spots are near the ventral border. Glochidial size
and shape approximates that of Lampsilis sp. and Lampsilis crocaia.
Hinge length values and the ratio hinge length/length and length/height
values are smaller in Leptodea ochracea than present in the two
Lampsilis species, Marsupla containing dglochidia have been collected
only in April and June, 1979,

DISCUSSION

Glochidia of seven of the natads inhabiting Lake Waccamaw and its
basin are described in the preceding, some for the first time. This descrip-
tion should enable progress towards identification of encysted glochidia

3Bereza and Fuller (1975) state that ochracea is not in the Genus
Leptodea but closer related to the Genus Lampsilis.

(3 spacimens)

Table ). LAKE WACCAMAW GLOCHIDLA MEASUREMENY AND MEASUREMENT RAYIO DATA. Measurements expresfed in "p" {.000 mm); N = mumbers of glochidia
" LENCTR HEICGHT HIRGE LENGTR CHINGE TENGTHUENCTE T B TERT/LENGTH BINGE 1
Range of . Range of N Range of _ Range of . Range af . Runge of
SPECTES OF GLOCHIDIA H data X data X data X deta X datu - X data X
Eiliptio vecowneenats 22 199.9-219.4 20909 209.8-228.4 2i7.a LZ4.9-153.3 144.0 0.57-0.74  9.8% 0.97-1.09 1.04 B.59-0.72 0.68
(4 specimens)
Elliptio Fisheriana 6 202.9-212,2 I08.6 213.9-227.4 221.4 142,5-154.5 el 1L G.68-0.74  0.70°.1.03-1.09 L.08 9.63-0.70 0.67
{1 spacimen)
Elliptic movensli 17 177.0-201.7 188.5 145.6-185.0 175.7 129, 1-360.7 142.2 G.68-0.82 0.6 {.88-0.98 0.%4 0.772-0.B% O.&1
(3 specimens}
Tozolasmue pullua 12 1594.4-207.1 159%.2 212.2-230.3  21%.5 104,5-113.5  110.4 Q.52-0.58  0.55 i.06-1.14 1.10 0.47-0.52 0,530
{1 specimen} R
Lampeilig ap, 17 21%.1-234,1 221.7  264.8-288.7 275,35 111.0-132.6 3120.2 G.50-¢.58  9.54 .18-1.28  1.24 DL40-0.40 0,44
{4 specimens)
Lampeilte creerta T8 219.2-235.8  227.4  26B.4-294.3 2797 126.0-143.6 132.8 0.55-0.62 0,58 1.1B-1.28 1,23 0,43-0.30 D0.48
{3 apeclmens} .
Leptoded vchroces 13 213.9-23%.8 227.0  263.3-286.5  277.] 102.6-513.9 109.4 0.46-0.50 0.48 1.16~1L.28 1.22 0.38-0.42 0.40

Meagurements expressed in "y (,000 mm).

Table 2. Lawpsiiia sp, (Lake Waccamaw} vs, Lamps'ilil? radiate {various references) : COMPARISOM OF GLOCHIDIAL MEAS) REXENT AND MEASS NEMENY BRTIO DATA.

(Clarke, 1973)2

HINGE LERGIH WEICHY HINGE LimGTR
e OTH Tance T Ty
SPECIRS OF GLOCHIDIA AND LENGTH HETGRT HINCE LENGIH LENGTH LENGTH . HELGHT
REFERENCE Hange of . Fange of - Range of _ Range of R Bange of _  Bmnge of .
data X data X data X data X data X data X
Lampstilis sp.l 211.1-236.3  221.7 264.8-228.7 275.5 L1L.0~-132.0 120.2 0.50-0,58 0,54 1.18-1.28 L.2h 0.40-0.46 0044
Lampailie radiata radiata 263.45 315.48 0.47 ifg 5.40
2 . .
(Wiles, 1675)
Lorpatilis radiata 273 316 1.16
{Tedla snd Farnande, 1969)2
Dampsilis radiate 3 243.34 286,03 1x7.2 0.52 1.18 G.44
{talloway ard Turner, 1§78} .
Lempeilia radiota 220-230 » 270-280
(ortmana, 1919)°
Lampeilis lutesle - possible syn. 230 280 L.20
of Lempoilis vodiate 250 250 118
{Ortwann, L91‘3)2
Lompatilis radicta siliquoidee 260-260 260-360

lmpsatcd frow Table ¥,

3\l.uuas caleulated from measuraments made from glochidial photograph.

Length and helght messurements as published, racioc values caleuloted s part of present study.




in fish species from the lake and its basin. Consequent identification of
fish hosts of some of these endangered natads may result, facilitating
appropriate conservation methods capable of perpetuating viable popu-
lations of these species.

The glochidia of three Elliptio species are described. Only the
glochidia of F. raveneli (Plate 3) seem separable from E. waccamawensis
and E. fisheriana. The glochidia of this specles are smaller in length,
height, and height/length ratic than the other two species.

The glochidia of two Elliptios - E. folliculata and E. lanceolata,
occurring in Lake Waccamaw, have yet to be seen. Johnson (1970) lists
E. fisheriana, E. folliculata, and E. producta as synonyms of E. lanceolata.
Accordingly, #t s expected that all of these species will have similar
glochidia, glochidia which may be indistinguishable from that of E.
waccamawensis. Furthet observations and study are clearly needed with
this group. i

Giochidia of E. fisherigna may have been observed before. Ort-
manmn {1919} gives a dlochidial length of 0.2 ram (200u) for E. cupreus
{Rafinesque, 1820¥4, which he sugaests may be a synonym of F. fisher-
iana. This is a smaller height than we observed and the consequent
height/length ratio {1.00} is fractionally smaller than our data indicates.
Reardon {1929) includes a drawing of glochidium of an E. producta, a
possible senior synonym of E. fisheriana {Stansbery, pers, comm. ). This
glochidium has the following ratios: hinge length/length = 0.81, height/
length = 0.96, and hinge length/height = 0.85. These ratios are con-
siderably different than the E. fisheriana ratios in this study (Table 1.

Time of occurrence of glochidia in the preceding Elliptios suggested
a tachytictic condition {short-term breeder), Aforesaid data of E. wac-
camateensis does suggest that the time of breeding is not constant but
may vary from season to season, and in Lake Waccamaw, between
different ecological zones in the sarme season. As stated eatlier, glochidia
of E. waccamawensis have been found May through July, although
marsupia have also been observed in April and August.

Glochidia of Toxolasmus pullus have a closer resemblance td
dlochidia of the Elliptios of Lake Waccamaw than fo other naiad species.
They are readily distinguishable from the Elliptios by a globular shape
and a shorter hinge line, Hinge length/length and hinge length/height.
ratios (smaller than in the Elliptios - Table 1) are useful for identification,
Ortrnann (1919), describing the closely related Toxolasma parvum
{Barnes, 1823), gives a glochidial length of 0,18 mm (1801) and a height
of 0.20 mm {20071 which results in a height/length ratio of 1.11. Surber
(1915} for the same species has a drawing with a length of 170u and a
height of 195u (length ratio = 1.16). These figures approximate those
recorded for T. pullus (Table 1), The shape of Lampsilis parva glochidia,
as pictured by Surber {1915), similarly approximates that of T. pullus
{Figure 4).

Glochidia of the two Lampsilis species and Leptodea ochracea are
similar in general appearance. Their purse-shaped profile easily enables
them to be set apart from the globular Toxolasmus and the suboval
Elliptios. Glachidial separation of the Lampsiiis species and Leptodea
ochracea seems best accomplished through a comparison of their hinge
lengths and the ratios - hinge length/length, hinge fength/height. Lamp-
silis crocata is the largest in all three of the above data catagories,
Lampsilis sp. is intermediate in data range, and Leptodea achracea has
the smallest values (Table 1).

4Johnson {1970) believes E. cupreus to be a synonym of E. dilatus
(Rafinesque, 1820}, -

Lampsifis sp. is believed fo correspond to that which Fuller (1977)
listed as ' ‘Lampsilis' radiata {Gmelin, 1791} and Lampsilis radiafa
sifiquoidea (Barnes, 1823} have been documented by a number of
authors (Table 2). Data presented in Table 2 suggests a possible greater
height/length ratio for Lampsilis sp. than for the glochidia of Lampsilis
radiata.

A Leptodea ochracea glochidium is pictured by Reardon (1929).
Value ratios determined from this drawing are: hinge length/length ratio
= ().71, height/length ratic == 1.32, and hinge length/height ratio = 0.54.
Comparison of these figures with the Leptodea ochracea data in this
study (Table 1) suggest that the Reardon picture is not representative of
the Leptodea ochracea glochidia found in Lake Waccamaw,

A characteristic of the Genus Leptodea is very small glochidia
(Ba_%:er, 1928}, Baker lisis the following dimensions for giochidia of
Leptodea fragifis (Raf., 1820) {type species of Leptoden): length =
0.07-0.08mum (70-80 u), height = 0.09-0.095mm (90-95 u}. These
dimensions are approximately 1/3 the size we describe for Leptodea
ochracea (Table 1). The shape of fragilis, also fllustrated in Baker {1928),
is more oval than that of the Waccamaw ochracea (Figure 7). Thus, the
Waccamaw ochracea glochidia, both in size and shape, are nearer to
glochidia described for the Genus Lampsilis than for the Genus
Leptodea. This strengthens the cantention of Bereza and Fuller {1975)
that the species ochracea is closer related to Lampsilis than to Leptodea.
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