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Host Fishes and Host-attracting Behavior of Lampsilis altil
and Villosa vibex (Bivalvia: Unionidae)

WENDELL R, HAAG, MEIVIN L. WARREN, JR. anp MAHALA SHILLINGSFORD
LS. Department of Agricwuliure, Fovest Service, Sowthern Research, Station, Forest Hydrology Labore
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ABSTRACT.~Suitable host fshes were identified for mwo species of freshwater mmussels
{Unionidae) from the Coosa River drainage, Mobile Basin: Lampsilis allilis, the fine-lined
pocketbook and Villose vibex, the southern rainbow. Suitable hosts are defined as fishes thar
produce juvenile mussels [rom glochidial infestations in the laboratory. Larvae of bhoth I.
altitis and V. wibex transformed successfully on four species of sunfishes (Centrarchidae):
Lepomis cvanelfus, Micropterus coosae, M. punctuloatus and M. sahmeides. For both mussel
species wansformation success on L. cvanellus was highly variable and generally lower than
on Microplerus spp. Gravid female L. aliihs and V. vibex display highly modified mande
margin hures in the early spring. In addition to displaving mantle fures, L. alfilis produce
superconghitinates, similar to those recently described for three other species of Lampsilis
in the southeastern U.S.

INTRODUCTION

The transition: frem glochidium to juvenile is a critical step in the life history of freshw
bivalves of the family Unionidae. In most species glochidia require a brief period as ¢
parasites on the gills or fins of fishes to complete metamorphosis to juveniie mussels. I
specificity varies from generalists, able to complete metamorphosis on a taxonomically s
variety of fishes (Trdan and Hoeh, 1982}, 1o specialists that use only a few, usually clc
related, species {Zale and Neves, 1982; Yeager and Sayior, 1995}, Freshwater mussels ext
an array of adaptations that appear (o increase the chances of glochidia encounterit
fish (Kat, 1984) and these adaptations may target suitable host species, lowering the cha
of infesting unsuitable species (Haag and Warren, 19983,

Most species in the closely related genera Lampsilis and Villose (Lydeard ef al., 1996}
which hosts are known use large predaceous fishes as hosts (Zale and Neves, 1982; W:
and Holland-Bartels, 1988; Haag and Warren, 1997; Keller and Ruessler, 1997). During
period of glochidial release, females in these genera display highly developed mantle 1
gins (Kraemer, 1970; Barnhart and Roberts, 1997} or release larvae in large attached pac
(Haag et al., 1995), both of which mimic small fishes or large invertebrates. These disp
may elicit attacks from Jarge predaceous fishes, increasing chances of successful infestat
Attempts to better understand this aspect of mussel reproduction are hampered bec:
hosts for many species remain unknown and potential fish-attracting behaviors associ;
with glochidial release have been described for only a few species.

We determined suitable hosts and describe potential host-attracting behavior for Lamj
altilis and Villosa vibex. Lampsilis altilis is endemic 1o the Coosa, Tallapoosa and Cal
river drainages of the Mobile Basin, in Alabama, Georgia and Tennessee and is liste
threatened by the U.S, Fish and Wildlife Service (U.S. Fish and Wildlife Service, 19
Villosa vibex occurs in Gulf Slope and South Atlantic Slope drainages from the Pear] R
Louisiana and Mississippi, to the Savannah River, Georgia and South Carolina (Clench
Turner, 1956). Hosts were heretofore unknown for both species; Keller and Ruessler {1¢
report resulis of an unsuccessful attempt to determine hosts of V vibex.
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METHODS

Host fishes were determined by inducing glochidial infestations on a variety of fishes in
laboratory trials and monitoring the rejection of glochidia or preduction of juvenile mus-
sels. Our methods foliow those deseribed in Haag and Warren (1997) and are based on
standard hostddentification protocols {Zale and Neves, 1982). For both mussel species rep-
licate trials (denoted A and B} were run using glochidia from two different gravid females
{mean trial temperature 20 G, range 19-21 C). Fish species were chosen to represent mosy
families, genera and all common species present at sites inhabited by the mussels.

Gravid female mussels were collected from Shoal Creek, Coosa River system, Cleburne
County, Alabama, on 11 March 1997; water temperature was 18 C. Mussels were found by
searching the stream bottom through a glass-bottomed bucket. When a displaying female
was located observations were made on mantle shape, coloration and display behavior he-
fore disturbing the mussel. For each species, descriptions of displays are compaosites based
on observations of several individuals in the field and later in the laboratory. We noted
some interspecific variation among individaals but made no effort to quantify or charac-
terize this variation. After making display observations, the mussel was removed from the
substrate and checked for gravidity by holding the valves slightly open and noting whether
or not the gills were charged with glochidia. Gravid mussels were wrapped in moist cloth
and transported to the lab in an ice chest. In the laboratory, gravid females were held in
aerated aquariz at 8 C to prevent release of glochidia before trials were initiated. Trials
were inttiated several days to three weeks after collecting mussels, Some females were placed
in aquaria at 21 G with gravel and sand substrate for one to two days prior to trials to make
further observations on displays. Glochidia were obtained by flushing water through the
gills with a hypodermic syringe. Alf females were returned alive to Shoal Creek after vielding
glochidia.

Sheil height, length and hinge length of glochidia and transformed juveniles of both
species from one female were measured to the nearest .01 mm using a binocular micro-
scope and ocular micrometer. Shell measurements follow the definitions of Clarke (1981)
where height is the greatest dimension perpendicular to the hinge from the hinge o the
ventral edge of the shell (equal 10 “depth” sensu Surber, 1912), and length is the greatest
dimension across the shell paraliel to the hinge line. Representative adult shells of each
species are deposited at the Ohio State University Museum of Biologicai Diversity, Colum-
bus, Chio, and the Mississippi Museum of Natural History, Jackson, Mississippi. Mussel no-
menclature follows Williams ¢f al {1993).

Potential host fishes were collected primarily from Mary's Creek, Coosa River system, in
Cleburne County, Alabama. Additional fishes were collected from smail streams in the Tal-
lahatchie River system, Lafayette and Panola counties, Mississippi. Micropterus salmoideswere
obtained from hatchery stock. Potential host fishes were collected from streams without
mussels or streams with low mussel densities in order to avoid using fish with existing
glochidial infestations or acquired immunity to glochidia (Zale and Neves, 1982). Tables of
fishes are listed phylogenetically by family (Mayden ef al, 1992) and aiphabetically within
families.

RESULTS

Host fishes—Glochidia of Lampsilis altilis metamorphosed on four species of sunfishes
(Centrarchidae): Lepomis cyanellus, Micropterus coosae, M. punctulatus, and M. salmoides
(Table 1). In general, basses (Micropterus spp.) gave consistent results among trials and
produced high to moderate numbers of juveniles. Lepomis cyanellus gave inconsistent results
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TasLe 1. —Resules of host trials for Lampsilis aitilis. Letters A and B represent replicate wrials us
glochidia from two individual mussels, An asterisk {*} denotes that all fish dicd before termination
trial. A dash {(~—) denotwes that the fish species was not wsed in the uial. Lepomis eyanelfus appe

under both host and nonhoest headings, mdicating that some individuals of this species served as b
but others did not

Days to transformation (hosts) Mean number
Number tested oF rejection (non-hosts) Jjuveniles/fish
Fish species A B A B A B
Haosts
Lepomis cyanellus 2 3 12% 32 0 <1
Microplerus coosae 2 e 47-55 — 4 —
M. punctulaius — 1 — 46-97 — 19
M. salmoides 1 2 51-81 41-99 114 297
Nonhosts

Esox niger — H — <6

Campostoma oligolepis — 3 e 1-6

Cyprinella callistia 4 — 3 st

C. trichroistia 1 2 3 <6

Luxitus chrysocephalus e 1 — <b

Notropris asperifrons 3 — 3 —

N. xaenocephalus e 3 e

Semotilus atromaculatis — 2 — 14-18

Hypentelium elowanum 2 H 3 2

Aphredaderus sayanus — 2 - 2

Fundulus olfvaceus 4 1 20-43 18-41

£ stellifer 2 — 2 —

Cotéus carolinae 6 1 3 2

Lepomis auritus 5 e 3 o

L. eyanelius 2 b 12% 18-41

L. gulosus e 1 — 14

L. macrochirus e 4 — 6-18

Etheostoma coosae 2 2 3 <6

Percina nigrofasciata 3 3 3 46

and produced extremely low numbers of juveniles. In trial 8, most L. cyanellus individuz
rejected all glochidia after 18-41 d, and only one individual produced juvensles. Fundul
olfvaceus also retained glochidial infestations for extended periods {up to 43 d) but pr
duced no juvenile mussels.

Glochidia of Villosa vibex metamorphosed on four species of sunfishes: Lepomis cyanell.
Micropterus coosae, M. punctulatus and M. salmoides {Table 2}. Micropterus covsae and f
punciulatus produced high numbers of juveniles. Micropterus salmoides developed fung
mnfections during the trial. Two individuals died after carrying glochidia for 13 and 33
at the time of death both individuals carried heavy glochidial infestations. The two survivir
individuals produced low numbers of Juveniles. Lepomis cyanellus produced inconsiste:
resuits among trials. Individuals produced low to moderate numbers of Juveniles in the fir
trial, but all individuals rejected glochidia in 21-43 & in the second trial, Fundulus olivaces
Ambloplites ariommus and Lepomis megalotis also carried glochidial infestations for extendc
periods but produced no juvenile mussels.
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TapLE 2.—Results of host trials for Villosa wibex. Letters A and B represent replicate trials using
giochidia from two individual mussels. A dash (—} denotes that the fish species was not used in the
trial. Not applicable (NA) appears for Lepomis cyanellus under both host and non-host headings, in-
dicating that this species produced juveniles in rial A but not in wial B

Days to transformation (hosts) Mean number
Number tested or rejection (non-hosts) Juveniles/fish
Fish species A B A B A B
FHlosts
Lepomis cyanetlus 2 3 4044 NA 7 G
Micropterus coosae 1 — 48-88 e 38 o
M. punciulatus 2 — 40-134 —_ 61 e
M. sabmoides e 4 — 45-79 — 3
Nonhosts
Fsox niger — i — 5
Cyprinella collistin 3 e 3 B
C. comura — 8 — 2
C. trichoistio 1 — 3 -
Semotifus afromaculatus 2 2 3—4 2
Hypentelivm etowanim — 1 o 2
Noturws leptacanthus - 2 s 2
Fundulus olivaceus 2 4 20--48 1321
Cottws carolinae 3 H 3 4
Ambloplites ariommus 2 e 1242 e
Lepowmis auritus 2 e 12-20 —_—
L. eyanellus 2 3 NA 21-45
L. gulosus e 2 e 13
L. macrochirus 1 7 <12 513
L. marginatus — 7 —_ 5
L. megalotis 5 — 12-62 —
Etheostoma coosae 2 e 3-12 —_—
L. nigrum — 2 — 4
£, raneyi — 1 — 4
E. whipple 3 —_ 3 e
Percing nigrofasciala 4 H 4 2

Glochidia and juveniles of both species were similar to each other in size and shape and
resernbled other species of Lampsilis and Villosa (Surber, 1912; Hoggarth, 1988). Shells of
newly transformed juveniles of both species were approximately the same size as glochidia.
Glochidia of L. eltilis had a mean height of 0.31 mm, mean length of 0.25 mm and mean
hinge lengih of 0.12 mm (SE < 0.01, n = 8 for all}. Newly transformed juveniles of L.
alfilis had a mean height of .30 mm, mean length of $.24 mm and mean hinge length of
0.12 mm (SE < 0.01, n = & for all). Glochidia of Villosa vibex had a mean height of 0.31
mm, mean length of 6.256 mm and mean hinge length of 0.12 mm (SE < 0.01, n = 8 for
all). Newly transformed juveniles of V. vikex had a mean height of .30 mm, mean tength
of 0.24 mm and mean hinge length of 0.11 mm (SE < 0.01, n = 3 for all).

Mantle displays.—Six of eight female Lampsilis alfilis found were displaving mantle flaps
on 11 March 1497, All displaying females were either oriented vertically with one half to
one third of the shell exposed above the substrate or lay completely exposed on top of the
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F16. 1.—Gravid female L. olfilis displaying mantle flaps in the laboratory. The individual was collect
from Shoal Creek, Cleburne Co., Alabama on 11 March 1997, Scale bar = 1 cm

substrate with the ventral margin of the shell facing up. Two males were found, both we
buried completely with only the siphons visible in the substrate. Mantle flaps of female
altilis extended from a point immediately anterior to the incurrent siphon to a point vent
and opposite to the posterior end of the hinge ligament (Fig. 1). The margins of the fla
were ornamented with numerous long, fine, branched papillae. The flaps were largest a
most highly branched at the anterioranost end, but were not drawn into long terete, fi
ends as in L. cardium (see Kraemer, 1970}, In general, the shape of the flaps was similar
those figured for L. fasciola (Kraemer, 1970). Coloration of the outer surface of the fiz
was dusky-gray with numerous fine, black spots and 6-8 distinct white bars ortented p
pendicular to the shell margin. A distinct black eye-spot surrounded by a white halo v
visible on the posterior-most end of the flap. The inner surface of the flaps was dusky g
with a row of black spots oriented parailel to the shell margin. All displaying females h
fully gravid gills visible at, or above, the shell margin. In most individuals, flaps were pulsat
rapidly in bursts lasting about 2-4 sec.

One female Lampsilis altilis was found producing a superconglutinate, a pair of pack
that contains the entire glochidial contents of both gills and is tethered to the female
two hollow mucous strands (Haag et al, 1995), The female was oriented vertically w
about half of the shell length exposed above the substrate and was trailing a mucous stra
abont 40 cm long. The glochidial packets were deposited at the end of the transpar
sirands which had not yet separated into two strands. The packets were generally fusifo
but bluntly rounded at the anterior end and slightly rounded at the posterior end. Col
ation was creamy to dirty-white with a dusky stripe dorsally. Eye-spots were lacking on t
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Fic. 2—Gravid female V. vibex displaying mantle marging in the laboratory. The individual was
collected from Shoal Creek, Cleburne Co., Alabama on 11 March 1997, Scale bay = 1 cm. Photo (©)
1997 Lynda Richardson

packets in contrast to those of L. perovalis (Haag et al, 1995). Another female, similarky
oriented in the substrate, trailed a short length of mucous strand (about 20 cm); the glo
chidial packets apparently were torn away, or otherwise detached, Neither female was dis
playing mantle flaps while producing superconglutinates or mucous strands, but in both,
well-developed mantle flaps, similar to those seen in displaying females, were visible Iying
retracted, anterior to the siphons. Two detached superconglutinates were found snaggec
on woody debris in the stream, but the females that produced them were not identified.
Thirteen fully gravid female Villosa vibex were found on 11 March 1997, ten were dis
playing mantle lures. Seven of the displaying females lay completely exposed on top of the
substrate but were on their sides, in contrast to Lampsilis aliilis. The other three were alsc
unburied but lying under the edge of large flat rocks. Twenty males were found, one lying
on top of the substrate similar to the females, the remaining 19 were buried completels
with only the siphons exposed. The modified female mantle extended from a point im
mediately anterior to the incurrent siphon to a point directly ventral and opposite to the
posterior-most end of the hinge ligament (Fig. 2). The mantle margins were ornamentec
with approximately 15 pairs of unbranched tentacledike papillae about 15 mm in lengtt
that were thick at the base but tapered to a fine point. The papillae were bound along the
basal one third of their length by a thin sheath of tissue. Coloration of the papillae wa,
inky black or rusty orange with numerous fine black spots. The outer surface of the sheatt
varied in color among individuals from inky black to tan with numerous irregular blacl
spots. The inner surface of the sheath was rusty orange with numerous irregular black spots
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All fermales had fully gravid gills visible just below the shell margin. Papillae were pulsa
rapidly and actively similar to the manner of L. altilis.

DP1sCUssIon

Host fish use for both Lampsilis altitis and Villosa vibex was restricted to fishes of
family Centrarchidae. However, consistent transformation of glochidia occurred only
Micropiterus spp. Some infestations on sunfishes (Lepomis spp.} produced low numbers
transformed juveniles. In most cases, however, glochidia were rejected by Lepomis spp.
less than three wk, or glochidial infestations were carried for extended periods but resuls
in no transformed juveniles. Lepomis may be only marginally suitable as hosts for th
mussel species. Exceptions to this pattern of host use in Lampsilis and Villosa are do
mented for at least two species (V. vanuxemensis using Cotlus spp., Zale and Neves, 19
Neves et al., 1985; L. reeviana using Coltus, Micropterus and Lepomis, Barnhart and Robe
1297}, In general, however, primary host suitability of Microprerus spp. and marginal h
suitability of Lepowmis spp. is a trait shared by many species of Lampsilis and Villosa, includi
L. fasviola (Zale and Neves, 1982}, L. higginsi (Waller and Holland-Bartels, 1988), L. p
valis (Haag and Warren, 1997), L. rafinesqueana (Barnhart and Roberts, 1997, L. silig
idea and L. stramineq daibornensis {(Keller and Ruessler, 1997), V iris (Zale and Nev
1982, as V. nebulosa) and V. nebulose (Haag and Warren, 1997),

In addition to sunfishes, topminnows (Fundulus olivacens) may serve as marginal he
for Lampsilis altitis and Villosa vibex. Although infestations on topminnows produced
juveniles, glochidial infestations were carried for extended periods in most trials. Seve
species in the Fundulidae and Poeciliidae serve as marginal hosts for a wide variety of mus
species (reviewed in Haag and Warren, 1997).

Displays of gravid female Lampsilis and Villosa likely act as fures that attract suitable h
species. The modified mantles of females of most species in these genera strongly resem
small fishes, large terrestrial insects, or other large invertebrates, items which comprise |
buik of the diet of centrarchid fishes i streams (Carlander, 1977). Further, these lures n
reduce the chances of glochidia infesting a non-suieable fish species. Few other fishes
southeastern streams regularly eat large prey items such as those mimicked by these mus
species, and the few that do may serve as hosts for some species of Lampsilis (e.g., Esocit
and Jarge Percidae, Waller and Holland-Bartels, 1988). An extreme example of prey m
lery to attract specific host fishes is found in the production of superconglutinates by so
Lampsilis species,

Three North American unionid species (Lampsilis australis, L. perovalis and L. sud
gulata) have been identified as producing superconghutinates (Haag e al., 1995, O'Br
et al., 1997). We confirm superconglutinate production in another species, Lampsilis alt
This species was suspected to produce superconghutinates because of gravid gill morphol
similar to other superconglutinate producers (P. Hartfield, U.5. Fish and Wildlife Serv;
Jackson, Mississippi, pers. comm.). Our observations bring the total number of known
percongiutinate producers to four; two species in the Mobile Basin (L. altilis and L, £
valisy, one in the Escambia, Yellow and Choctawhatchee river systems (L. australis) :
one in the Apalachicola and Ochlockonee river systems (L. subangulata). No other spe¢
are known to have gill morphology similar to these species, thus superconglutinate
duction is apparently a shared unique character within these four taxa,

Lampsilis altifis 1s unusual in having and displaying a well-developed mantie lure in
dition to producing a superconglutinate. Potentially, this species may attract and infest I
fishes using both strategies known for Lampsilis. Other superconglutinate producers h
modified mantle margins that may be rhythmicaliy undulated during the breeding sea
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{Hartfield and Butler, 1997). However, these mantle flaps are greatly reduced relative to
those seen in other, nonsuperconglutdnate producing species of Lampsilis, and the “dis-
play” is inconspicuous and probably does not serve to atiract a host fish. The retention of
the mantle flap lure in L. altilis may be interpreted as a shared primitive attribute Anong
the lampsiline clade (sensu Lydeard et al, 1996). We hypothesize that the reduction of
mante Hap tures in the other three species is associated with increased specialization for
infecting host fishes via superconglutinates. Thé function and origin of these modified
mantle structures and other apparent mechanisms for infesting host fishes will be hetter
understood when viewed in the context of explicit testable phylogenies.
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