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- ABSTRACT - -

.Eight‘s%féams in thé Evaﬁge&ine _Ranger District,

" Rapides Parlshq Lou131ana were sampled for fish by

seining to determlne the fish host specmes of "_

Margarltlfera hembell glochldla. Glochidia occurred

‘on thg,azll fllgmgnts apd. in gill . arch-epitheliumgéf

$ ¥ e : prd

Notropxs chrysocephalus,. Notropj;wﬁmbratllls, and -
{4 -

Notemlgonusfgrysoleucas. Infection occurred from -

March through August, 19§6 and peaked April through
July. Encysted glochidi& were semi-oval and averaged
187.5, 191.7, and 105.9‘Pm-respectiVely in length,
width, and hinge length. Mounted sections revéaled
the glochidial adductor muscle, hinge ligament,
stomach, feot, gill buds, mantle, and shell flanges.
There was nO-evidenée of glochidial teethor a

byssus.
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INTRODUCTION

Because their demlbranchs possess non~-elastic . -

1nterlamellar Junctlons that allow Tor little: expansmon A

cf the marsupla, the Mdrgarltlferldae are conSLdered a

- prlmltlve group of freshwater musselse Margarltlfera

L SV,

hembell was firat descrlbed as Unio hemb?“““ﬁﬁ“fﬁju Ty

T.A. Conrad from a spe01men of unknpwn locality sent to
him from New Orleans. The species was renéme@

Margaritana hembeli and then again renamed Mafgaritifera'

hembelil, the currently accepted designation (Ortmann,

1912; Johnson, 1983),

Margaritifera hembeli was reported to oceur in

two disjunct pepulations, one in Alabama and one in .
Louisiana (Ortmann, 1912), but it was determined that

the Alabama group ig a different species (Johnson,

1983). There are approximately ten thousand M. hembeli |
scattered in beds that are limited tosﬁéﬁﬁﬁﬁwﬁfﬁgﬁﬂﬁ of
the Bayou Boeuf drainage. These streams are located

in the Evangeline Ranger District of the Kisatchie -
National Forest, Rapides Parish, Louisiana. About

89% of the total known population occurs in four of

the eleven streams (Louisiana Natural Heritage Program,
1985). Because of 1ts limited dlstrlbutlon and
populatlon size, M hembell is a candldate for federal
listing as an - endangered spe01es (Jlm Stewart USFWS,

pers. comm., 1986)

e
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rThé streams containing E. hémbeli aré‘tqpicail& _
clear shallow s;réams with sand and sand/gravel -
substrates with 1ntermlttant pockets of mud anduolay.
These streams are geneérally bounded by bottomland
areas with undlsturbed 0ld growth trees of mixed g
hardwood-loblolly and beech-magnolla forest types. - No
M. hembeli have been found in streams bounded by -
developed or cultivated lands. Beds of Mo hembeli are
found in sand and sand/gravel substrates“in water
depths of about six to eighteen inchés and may contain
as many as two thousand individuals. The sand/gravel
beds in which M. hembeli occur contain rocks coated.
with the black substance mangahesq oxlde, and for the
dark shelled mussels, theée rocks provide excellent
cover from potential predators (Louisiana Natural
Heritage Program, 1985).

| Like most freshwater mussels, M. hembeli
reproduces by means of glochidia. These larvae are
host speeific.parasites that infect the gills, fins, or
body surfaces of fish. When the glochidia come in
contact with the appropriate host species and tissues,
they encyst and undergo a period of metamorphosis.,
During metamorphosis the glochidia develop organ
systems ofjthe adult and emerge as Juvenlle mussels

that settle to the substrate where, 1f the habltat is

sultable, they burrow ln and contlnue to grow and

develop.
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Before successful encystment and metéﬁorphosis
of the glochldlum can occur, the 1nd1v1dual host must
first be susceptlble to glochidial infection (Karna
and Mlllemann, 1978). Some fish species as a whole are
resigtant to such 1nfectlons, elther actlvely by
,,_mr_mmmmunolog;cal responses or baSSlvely by the fact that.

they do not possess certain phmglologlcalAparameters

required by the glochidia for successful metamor?hosis;

Within a susceptible fish species, many older individuals%

sometimes develop immunological responses as a result
of past infections, limiting glochidial.infections_to
the more numerous younger individuals. In addition to
possessing certain physiological characteristics, host
fish are generally of a species that spends much of
its life over areas with substrate suitable for newly
released juveniles. This factor is important in that
it helps feduce an already extremely high mortality
 rate among the young (Young and Williams, 1984a).

There are a vafiety of mechanisms avallable to
glochidia for attraction and attachment to potentlal
hosts, but they all share some similar structures and
behaviors. In general glochidial structure consists of
two ch1t§n01d valves llned with a single layer of cells
that forg the larval mantle, a single adductor muscle.
and in. many Specles. teeth on the shell‘s perlphery
opposite the hinge. A larval thread,known as the"

byssus 1ls present in some species, and along with the

L
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'teeth.ﬁit_mgy aid inﬁaﬁtachment to theé host fish
(Pennack, 1965). A charactgéistic behavior of glochidia ~

is the "snapping" of their valves. The rate of this

snapping increages significantly in the presence of -

ceft#in stimuli. The basal snapping rate of M.

margaritifera glochidia was shown to increase somewhat -

iﬁ the presence of host (Brown Trout) blood and greatly

in the presence of host mucous, gill, and fin tissues

(Young and Williams, 1984b). Thi§ behavior along

with attachment structures and the immediate closure

response Upon mantle contact increases the glochidias®

chances of successful attachment. .
After successful attachment to the host, éncystment

begins. The glochidium is rapidly surrounded by a

wall of host epithelial eells; Complete encystment

for the glochidia of Lampsilis radiata on yellow

perch requires only twe to three hours after initial
attachment (Tedla and Fernande, 1969). The period of
Nziochidial encystment varies widely between species

and depends on whether the species is a long term or
short term breeder. Juveniles may appear as early ’ g |
as forty days after the initial infection, as in the

case of'g. radiata, or after as long as 293 days, as

in the casgﬁof M. margaritifera (Tedla and Fernando,

1969; Young and Williams,‘léé@b). Juveniles are often
released from the host over an exteﬁded‘period, A T

possibly because release is due more to host tissue
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fraglllty than glochldlal act1v1ty (Tedla and

Fernando, 1969), i A o

The size and shape of glochidia vary between

- spécies and more'so between genera. Though there

" are dlfferences in larVal morphology, it is often

 aifficult to dlsﬁlngulsh between the glochidia- of
" two related mussel species as in the case of Villosa

vanuxemi and Villosa nebulosa. The glochidias' wvalve

shapes are nearly identical, having very similar
breadth, length, and hinge length measurements (Zale
and Neves, 1982). Mean length and breadth of glochidia
may range from 382 and 383'pm respectively as in

Anodonta cataracta to 60 and 80 um as in M. margaritifera

(Rand and Wiles, 1982; Young and Williams, 1984a).
The .valves may be oval, rounded, or triangular in
shape (Pennagk, 1965), but again, within a genus it
may be difficult to distinguish between species based
strietly on glochidia size and shape.

Prior to this study, all that was known about
M. hembeli was the adult merphology, approximate
population size, and distribution. The goals of tﬁis
study were to determine the glochidias' fish hosts,
the occurrence of glochidia from month fo month, the
streams i? whichfgloéhidial infectionsg occur, and the

morphological characteristics of the larvae.
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- METHODS AND MATERIALS '

Fiéh popﬁlatiéns_were séﬁpléd'twice monthly from
Octpber, 1985 through“September, 1986 The study area
included elght streams that contaln approx1mately 99 7%
of - the total M._hembell populaticn (Loulslana Natural
Her;tage Program, 1985). Thesge streamg-are LOV1ng
Creek. Little Loving Creek, Bayou Cleaﬁ;-Bfown'Creek,
Caétor Creek,: Mack Branch, and Long Brénch_of the
Evangeline R%nger District, Rapides Parisﬁ, Louisiana. .
Each stream Qas sampled for fish by seining in both
riffle and pool areas over and near existing beds of
M. hembeli. Bottom and plankton samples were taken
for glochidia downstream of M. hembeli beds as time
allowed. Sampling at each site continued until a good
sample size was obtained or until the maximum time
allowable was invested in the sampling effort.
Collected fish were immediately fixed in 10% buffered
formalin and preserved for later examinationwinhﬁhe
laboratory. Specimens of M. hembeli were examined- in
the field for the presence of gravid females. A few
individuals were preserved and taken back to the
laboratory for further 1nspectlonf The field work for
this éfudy involved approximately 460 man hours over .giwﬁﬁa
the coursg.of‘izﬂmonths.

Allvof the preserved fish specimens were keyed

to species using Freshwater Fishes of Louisiana

(Douglas, 1974) and The Fishes of Missouri (Pflieger,
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i19?5)= Each sample was kept‘égpargte, and a record
. was maintained of the number of eéch'specieé caughts B
5Dissécting'écopes were used %o inépect the fiéh for the
?preséﬁce of glochidiag. Gills, fins, and body surfaces
;were examined.for infectién, and a record was kept

;of the site of the larva@}infection and ‘the numberiéf.
:individuals per species infedted; Because myxospcfidian
icysts appeared very similar to glochidia, gill filaments
?were routinely excisedland more closely inspected to
?confirm the presence of larvae,

The gills of infected fish were excised to make
whole mounts and sections of encysted glochidia.
Whole.ﬁbuﬁ%mspecimens were washed in running water for
one hour and treated successively with 15, 30, 50, and
70% ethyl alcochol for twenty to thirty minutes per
treatment. After completion of partial dehydration,
the specimens were stained in a one to one sélﬁtion of
Semichon's carmine stain and 70% ethyl alcohol.
,Afté;-dne hour the stain was withdrawn and the specimens
were washed with 70% alcohol. To partially destain the
valves without destaining the glochidias' soft tissues,
the specimens were bathed in 70% acid alcohol. The
specimens were washed with three changes of 70% alcohol

Vto remove %pe acid;gnd Ttreated with LiKCO3 to prevent
;further des%aining, The dehydration process was

- completed by successively treating stained specimens

with 80, 95, and two 100% ethyl alcoholrsolutioﬁs for
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one hour each. The. specimens were cleared in two

changes of xylene forﬁihe hour eécﬁ_ana then- mounted

using Lipshaw mounting media. ? g
Mounted secﬁions‘éf glochidia'weré-made from
paraffin embedded gillé. Preserﬁed gills were washed

in water for one:ﬁour ;hd dehydrated sﬁccessively
with jg, 50, 70, 95, 95, 100, and 100% alcohol for one
hour eéch. They‘were Eleafed.in;two changes of xylene
with a series of paraffin/kylene:Solutions that were
maintained at a temperature of about 63°C. These
solutions included concentrations of 25, 50, 75, 160,
and 100% paraffin for 30 minutes each to prepare

the gills for embedding. The gills were embedded in
paraffin and sectioned af a thickness of 13 um,

The gill sections were floafed on warm water
(approximately 50°C) to remove ahy irregularities in
the paraffin and mounted on slides using egg albumin,
After allowing the slides to dry completely, they were
placed in two changes of xylene for 30 minutes each
to remove the paraffin. The mounts were hydrated ’
through successive five minute treatments in 100,

95, and 70% ethyl alcohol and water. They were placed
in Harris; hematoxylin stain for approximately 20
'minutesf :Afﬁér femoving the-excess stain with water
‘and fixing the ségin. with'LiCOB in water, the sections

were placed in 70% alcohol for five minutes to prepare



tﬁem for counterstaining with eosin: After two to

three minutes in eosin, ‘the mounts were ringed twice
in 957 alcohol and dehydrated in two changes of 100%
alcohol. The sectlons were cleared in two changes of
xylene five minutes each and permanently mounted w1th

Lipshaw mountlng medma.

Whoig mounts of freshly excised glochidia were
measured for length; width, and hinge length by
using an ocular micfometer. The hoét species and
collection dates were recorded withithe measurements

in the event of any noticeable change in size over

the period of encystment.
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RESULTS
Approx1mately 3800 fish and thirty species were

collected over a twelve menth period from the study

streams. With a few exceptions and some variation in--

abundance, the species collected were common to all

eight of.the streams, but predominant_in all of ﬁhe_‘f-
stream collections was the striped shiner, Notropis

chrysocephalus.

Collected fish exhibited glochidial infections
over a six month period from March through August, 1986
(Appendix A). Infected fish.were collected in mid
March from Castor Cree%ﬁand Long Branch and from
Little Lov1ng Creek by late March. -In the latter
half of Apr;l,.lnfectlons a?ﬁZared in Loving Creek
and Bayou Clear, and by early May they occurred in
Brown Creek. Infecteé fish were not recovered from
Little Bayou.Clear or Mack Brgnch.

0f the thirty specles of fish collected, %hree
were infected with glochidia. The infected species were

Notropis chrysocephalus (striped shiner), Notropis .

umbratilis (redfin Shiner), and Notemigonus crysoleucas

(golden shiner)(Figure 2). The most consistent glochidia

infections occurred on N. chrysocephalus (Figure 3).
Infectioné appeared by early March, peaked from Aprll

through June, began to decrease in frequency durlng

July, and were no longer evident by’ earlijeptember.': AN

Notropis umbratilis were collected from all of the
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stream% at one time or another,'Bﬁt‘ponsistently,
only from Bayou"Ciear, Brown Creek, andeastor'Cfeeﬁ.
Glochidial infgctionfof thé redfin shiner ﬁegan‘_ "
occurring in late April- - early May and énded_pgllate
August - early September (Figure 4). Onlylfourfﬁ.

crysoleucas were captured over the entire céllection

period, introducing a heavy samp}e bias for that speciés.
Three of the four individuals were collected during
the infection period and two of those threé were
parasitized by giochidia.

The first glochidial infections occurred when water
temperatures were as low as 15.5°C, April through
July, the months of peak infection, water temperatures
ranged from 18.5%C to 23.59C. JWater temperatures
gradually rose to approximately 24°C between July and
the end of August and, during this period glochidial
infeetions began to decrease. By the time water
temperatures began to fall in September, glochidial.
infections_no longer occurred. These observations only
show the trend that occurred during this study (Figure
5). To show any correlatipn between temperature énd
glochidia release as has been done for some species

would require several years of replicated research.

Mapkaritifera hembeli glochidia were encysted
in the fishes' gill Tilaments and in the epithelium
covering-the gill arches and rakers (Figurés 7 and 8).

No glochidia were found on the fishes' fins or‘body»
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surfaces. Gill lamellae fused around the parasites to

form cyst walls, creating a club-like appearance in

the gill filaments when infection occurred near the

- filaments' tips. B - . -
The glochidia of M. hembeli have semi-oval valves

(Figure 6) with mean lengths, widths,” and hinge lengths

B s oy &

of 187.5, 191.7, and 105.9 um respectively (Table 1).
There are no glochidial teeth on the shei;'s prszriphc—:r:y"t
opposite the hinge and, there is no evidence of a
byssus. Iwo slight undulations in the shell's border
are present, one on either side of and dorsal té the

hinge. The significance of these structures is

unknown though it is possible they may bear some relation
to hinge teeth. -

In sagittal view, the glochidia are oval (Figure
7}. The adductor muscle is a prominent structure just
ventral to the hinge. The glochidial mantle has two
cell layers; The outer layer will form the mantle of
the adult (Karna and Millemann, 1978). The foot of
the glochidium is a large structure in the center of
the section. It ranges from triangular to rounded in
shape depending on where the section was made. The
stomach is directly between the hinge and the foot.
Gill buds afe located to elther gide of the foot.

Host- tissue can be seen pinched between the two shell -

flanges, the ventral edges of the valves.



- . CI

In transverse sections, the large adductor

muscle 1s not centered in respect to the hinge (Figure 8);
It is oval and occupies fully three fourths of the - - "
hinge's length. The glochidial foofvislfairly large - = ¢

and much resembles the adult foot. The stomach isg

~¥isihla hetween the muscls.and foot though it is Tt St =

not as distinct a structure. Many of the aduit

structures are visible in the developing larvae.



' DISCBSSION AND CONCLUSIONS

No flsh lnfected w1th glochidia were found- in

Maek Branch or Little Bayou Clear. Little Bayou Clear

has a very.small M. hembeli population of about 90 T
'messels. It is probable that the number of glochidia
pfoduCed.by this pobdlation resulted in a very low
infection rate thatjwas not detected by sampling. Mack
Branch has approximately 380 M. hembeli, a population
size comparable %to Castor Creek (Louisiana Natural
Heritage Program, 1985) where many infected fish were
found. Most of the fish caught in Mack Brancﬂ were
sunfish, small bass, cypress darters, and mosguito |
Tish, all characteristic of slow moving or still water.
Very few Notropls species were captured in this stream.
The current in Mack Branch is slow compared %o the
other study streams and any newly released glochldia
would settle to the bottom rapldly, reducing their
already slim chances of attaching to the stream's
scarce host species.

Notropls umbratilis and Notropié chrysocephalus

were both infected by glochidia, but N. chrysocephélus

yielded infections two months before any were found on

N. umbratilis. Notropis umbratilis had higher

percentages of infection during peak months than N.

chrysocephalus (Figures 3 and 4), but the cverall

percentages (Total number of lnfeeted flsh/Total number

of collected fish during infective months) were 13.4%
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" for N. chrysocephalus and 14.9% for N. umbratilis, a

difference of only 1.5%. From general observations,

N. umbratilis yielded six tomeightpgléchidia per

infected fish while N. chrysocephalus regularly yielded

twice that number. A greater percentage of N. umbratilis

" carried glochidia, but a comparabié pefcentage of the

wjmuch more abundant N. chrysocephalus carried a largér

+

~number of glochidia per fish.

Notropis chrysecephalus were also more widely

distributed through the streams than N. umbratilis.

They were as frequently found in riffle areas as in

pools while N. umbratilis were generally restricted to

pools and deeper slower moving water. Notropis

chrysocephalug appear to spend more time in waters with

suitable substrate for M. hembeli than do N. umbratilis,

giving the newly released juveniles a greater chance
for survival. Because of their abundance, habits,

‘and tendency to carry more glochidia, N. chrysocephalus.

appear to be the primary hosts for M. hembeli glochidia.

A Notropis umbratilis is a host species, but its habits:
and tendency te carry few glochidia make it a less ®

efficient vector. Notemigonus crysoleucas is

susceptible to infection by glechidia, but its

status as a host cannot yet be determined.

J .
No gravid female M. hembel} were observed
throughout th@ study périod. Since inspections were-.

made'every two weeks, it,is.possible that the gravid



- period was missed.;-it is also'possible‘that the
percentage of gravid females at any one time was low
ﬁ~mak1ng them dlfflcult to find or that this researcher

did not inspect a large enough proportion of the

populatlon. However,'some spe01mens were collected

e
—
't:hat possessed “remnant accessory materlal in P::

their demlbranchs as described by Smith (19?9, 1976)

in M. margaritifera, indicating that the gravid state
had indeed occurred.
There are three other mussel species in the

Bayou Boeuf drainage. They are Villosa lienosa,

Ligumia subrostrata, and Fusconaia flava (Louisiana

M
jﬂ’taken dlrectly from M. hembeli to verify species, the

e

Natural Heritage Program, 1985). Without larvae

\%ﬁ

literature had te be consulted for information on

¥

the other species' glochidia. V¥llosa species are
approximately 100 um wider and boepm‘lenger than the

herein described glochidia and are more egg shaped

than semi-oval (Zale and Neves, 1982a). They parasitize

centrarchids and the banded sculpin {Zale and Neves,

1982b). Ligumia subrostrata glochidia parasitize

Lepomis species rather than shiners (Stern, 1978).
There is no literature known to thils researcher on the

glochidia ﬁf Fugconaia flava. It is. possible that some

1gbé'*‘ of the glochidia observed were from F. flava, but_not

16

de£~ likely. There are very few F flava in the study ﬁ%wwia“*J

iigwgbf“ streams and 1arge numbers of M. hembeli near the-

Qi
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sampling siteg.._The_va;vés of the Qbserved glochidia

are very similar in shape, size, and morppélogy to

other Margaritifera species (Smith, 1976; Karna and
Williams, 1979). This researcher is confident that

these glochidia are M. hembeli.

e AP
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Table 1. Dimensions (ym) of the glochidia of M. hembeli

Mean SD Range
Length - 187.5 9.7 165.0-215.0
Width 191.7 16 .4 150,0-225,0

Hinge Length 105.9 - 8,2 85,0-115.,0
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APPENDIX C
] . Glochidial Dimensions (um)
- Host Date ] Hinge -
Species Collected Length Width Length

. N. chrysocephalus Apr. 13 185 180 105
| 190 195 110
165 150 110

. I 190 185 %

N. chrysocephalus May 11 185 190 -
190 210 115
185 185 105
185 190 105
195 190 110
175 175 110
N. chrysocephalus June 12 180 180 110
190 200 110
k 185 185 115

N. umbratiiis June 27 190 205 90
190 200 110
190 195 105
190 210 100

2158 225 85



