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Feeding Behavior of the Salamander Gyrinophilus porohpeitivus
in Caves

b

Mavid CCULYER®

Much of the research done un cave salamanders has comcerned the morphological
and physiclogical chanpes brought aboul by cave adaptation {Brandon 1971} A
great deal of work has heen done on eve structure (Brundon 1968), response to
light {Huawes 1946, Hesharse and Brandon 1973), and metamorphosis {(Dent oand
Kirbv-Smith 1963}, but the [(eeding ecology of cove salamanders is poorly
understood. From published lists of diegts of cave salamanders {Smith | 948,
Brandon 1967, Peck 19727, it s clear thal they are very geoneralized predators, and
perchaps even oamnivores {Lee 19620 Most of the obseovations on the leeding of
salamanders lave been 3505 of pot contents of preserved specimens, and liltle is
known aboul gelual Feeding belavior,

o this paper | will discuss feeding behaviar and preferences of {ryrnophils
porphyriticus in controlled laboralory experiments. L parpheeifious noours an
springs and caves throughout much of northeastern United Slates {Brandon 1466,
and most cave populations are small {Jess than 2 per 100 m ol cave passape) and
show little wvisible sign of cave maodilication (Coaper and Cooper o T the
course of exlensive 1ield work in Appalachain caves, Dr. John Holsinger and [ have
found large populations {more than 5 per 100 m ol cave passage) of (0
parphpriticus in some caves 1 the Powell Vulley of Yirginia and Tennessee. Larvae
in these populations are paler and thinner than most lacvae of this species and have
large, fluffy, pink gills, They are always in slreams with large populations of dseilus
recurvatus {lsopoda: Asellidas) andfor Crangonyy antennaius (Amphipoda: Gam-
maridac). The microdiztnbution and abundonce of bolth O enrennares and A,
Feckrraitis were allered By the presence of G parpfivrticus, seil seemed lkely that
. porghvriticus was [ceding on them. Both predators and their potential prey were
brought into the laboratory where a series of experiments were done to elicidate
method of feeding, prey choice, predator habituation o prey, and response o
unfamiliar pray.

METHODS AND MATLERIALS

Four larval & porphyriticus were collected from the stream in MeClures Cave, lwo
from the stream in Cope Cave, and one from a series of cascading nimstone pools m
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Sweel Potato Cave, All three caves are in Lee County, Virgin in the Fowell River
dromnage. The larvae were collseted in May of 19730 40 recwrrates and G
avteria ity are present inoall three caves, In MoCheres Cave and Cope Cove, 4.
recurvefiy s about 4 to 3 dmes more abundant than O esfenmetus, In the
grovel-hottomed pools where O porpfoertious 15 usually loond, the prey species are
ahout equally common. The mmstone pool in Sweel Polule Cave where the
salamander larva was taken had only O enfernaius bul nearby rimstone pools had
A, reciervatns. Sweest Potato Cove and Cope Cave are within the ranpe of the
troglobitic isopod  fircas sdapafen and MeClores Cave s near the edpe of its
ramge, Hoeever, Loogsdogifan docs nol ocoer inoany ol Lthe three caves (Holsinger
and Bowman 1973 ) Lach Turva wus kepl inoa sepurate agquarium 25 cm by 10 em
filled with spring waler o a depth o 19 cme The animals were kepl at a
lemperature of 107C in constant darkness, and the water was changed every week.
The A vecwrvatus, O arrenaties und Looesdagafun used in Lhe experiments were
collzcled from nearby caves. The substrade of the aguana was glass, but neither
predutors nor prev had any troubls moving over b, No mnd or rocks were added.

RESLLTS

Mechaios af Fredativon aud Prey Respoanse
None of the larvae reacted to dead isopads o amphipods, hat when a live
amphiped ar dsopod was put in the water, the Lievae woeld raise up on their front
leps and usoally an their hind legs s well, 11 then remained mationless until an
amphiped ar dsopod came within 2 to 4 an ol ils sneut. Then, with a rapid sucking
action somelimes wccompanied by a lunge, the ssalamander ate the prey ilem.
Mechanoreception was the primary method of prey detection and wision seemed to
play litele or no part in the feeding process. Inocaves, of contrse, vizion plays no part
in feading. The feeding method of the salamanders was the same i very dim red
light and in bright white light. When the amphipod or fsopod was near the side of
e aquariuin, the solamander woukl often move in the opposite direction the prey
arganism was moving e altempting tooeat the prey, This makes sense if the
salamander responds to cwrrents made by the prey, hecavse the patterns of current
made hy prey movemaent will change when the prey is near the side of the
aguarivnn. O the other hand | visual cues Lo prov location are unalleeted by the
aguurivmm wall becsuse the lighting was diffuse and overhesd. Chemorsception
prubably plavs some rele o inetisding feeding. After the larvs had ealen an
amphipoed or wsopod, il was possthle to elicil a feeding response by moving the
forceps slowly throngh the water, However if forceps were slowly maved through
the water hefore the salamander had eaten anvthing, no response was elicited, After
the salumanders had been in the laboratory Tor o month, they wsually sssumed
feeding position whenever the cold room door was opened, and would atlack
forceps before they had caten anythiog. 1o this case, the sulamanders bad become
enlrained Lo associale feeding with the opening of the door.

Feeding success of (L porpfyriticus varied wath the prey involved and depended
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Table b Feeding sucoess ul Gyrimophiluy porphyreticns on Aselfes recarvatus and Crongoryz
gircerinatus, Feeding metheds are categonzed into lwo groups: simple sucking in of
orev, and sucking i accompanied by lunging at peey, Success drops sharply when the
Tarde lunge at prey. Fregueney of langing vemas not lunging is inflated in favar of
Tamging because lunging is casier to olbsepa,

Froy Species Feeding Methods Moo of Allempls Moo of Successes - Per Cont Success
Asellus recurraluy Mo luneing 12 10 58
Aselius peonrmatus lLunging 3 2 40
Crangrenex avtemmatiy Mo lunging 14 7 50
{ramgra ey suteningtes Lunging 7 ] ]

on whether or nol the salamander lunged al the proy {Table 1) Success ranged
fromm O per cent for 7 porphyritions lunging a1 O @idermraies to 88 per cent for
(f, porpdoeriticns sncking in 4. pecwrvgiug. The larvae were aboul bwice as successful
gl sucking in Al recortates as they were at sucking in O antesinatis, Especially
striking was the drop in fesding success when the larvae lunped at the prey {Table
Ly Lunging behavior appears to be o carryv-over [rom a previows evolutionary stage
when the larvse were zhle to visually locate prey in epigean hahitats, BEven the
related troplobitic species, €7 palfewcus, with more reduced eyves, cun respond 1o
Lighit (Bestiarse and Brandon 1973) However, sinee there is no light in caves,
hehavier associgled with visoal location of prey is no longer adaptive. This seems to
be the case with lunging beliavior as well as vision itself,

The fsopods (A recervatns and Lo ssdugade) responded to the salamander by
stopping all movement, This was especially true if there had been a previously
wnsnecessful artack. As long as they did nol move, they were notl eaten. In facl, |
abzerved several times o salimandar in feeding position ignore an immobile sopod
diteetly vnderneath its mouth. O ancenngties on the other hand, responded by
swimming aeeay. € porpheaiticns was unable to move quickly enough to capture
swirmmmng ) ardennaliy.

Meactlon o Ueafaniiliae Proy

Althowgh  the ranps ol Lircews wsdagainn encompasses the caves where (n
prerrpdhvrition s wis collected, the bao never occur together. During the first week in
Lhe luboralooe, the 7 05 pomgdoeritices larvae sucked in 24 L, usdagalen in the
course of predutor choiee ecxperiments and in the course of general Teeding. Seven
of these (29 per cenl) were actually digested, and the rest were spit out almost
immediglely uller ingestion. AL frst 1 toupht that Lircews was taxic, bui three
sulamander larvae that were fed on Lircews Tor the next 21 days digested altl of the 8
Lircewy that they ingested when retested afler 28 1o 30 days in Lhe laboratory,
What was involved was not learning toxicity {see Brower and Brower 1906}, but
rathar learning edibility. [nrerestingly, the frequency of Lirceny taken first when
piven d clioice between Lirceus, Aseffus, and Craigonex did not change significantly
from the first week te the fAflth wesk. Eight of 34 choices {24 per cent) were
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Lircens during the first week, and 5 of 30 choices {17 per cent) were Lircens during
the fifth week, and the difference was not statistically significanl.

Frey Seleetiviry

Two experiments were done on selestion of prey species one during the first week
and one during the fifth week in the laboratory. In the firsl experiment, one
individual of each prey species was put in the aquarium tank with Lhe salumander
larva and checked every 30 minutes for 4 hours, Any prey caten were replaced. In
the second experiment 5 individuals of each prey specivs were puat in the tank and
remaining prey woere counted every 30 minutes for & hours. In spite of the
differences in experimental procedures, the frequency of each species taken did not
vary significantly between experiments ¢x3=1.50, P <0 0.90) {Tuble 2). |o hoth
experments, Aseliny recurvatuy was the mosl [tequently captured prey item, being
taken about @0 per cent of the time {Table 2} There was no evidence that Lhe
salamander larvae were actually showing o preference for A recueratios, Most of the
difference in frequency of prey taken is due to differences in feeding success. Since
5, porpdyriticus is more successful in capturing A, Fecwrvatiy Lhan in caploring
attterars {Tahle 1), it was expected Lhal more A. reciervafus wold be taken when
given a choice, | abszrved no cases in which o larva ignored any of the three prey
specics when the salamander was nearby. Besides differences in efficiency with
which hey are caplured, prey may alse differ in theie availabiliy to the
salamanders, The sopod species are ‘available’ when they are moving along the
bottom of the aguarium, but not when they are molionless. O aefennatioy is
“available” when it i3 moving along the bottony of Lhe aquarium, but not when it is
swimming or resting. Although [ have no gquantitative data on prey aveilability,
my impression is that 4 recurvelus s more “available’ than Lo wsdagalier or ©
antennatuy, There may be additional diffecences in the distances over which the
larvae derect the different prey species.

Frdividual Differences in Prey Selection

There was noindication that any given individual specialized oo any particular prey
species. Lyven though Lo wsdagainn does not coeur i those caves that larvas were
collected from, all seven individuals took at least one fircews during prey choice

Table 2. Fregqueney of different prey specics taken by (ovemmoptneles porplhoricions lameagye
when given a chalve, el pecirrging is 1aken mest fregquentiy, end this s lreely
die 1o 2 preater feeding success on Ao recareetis tather than an actual prelerence,
Sev text for details of the experimental procedures.

FExperiment 1 (lirst week) Taxpermment 2 000k week)
Prey Mumbr Ireguency Nuinbwer Trrequeney
Aselliey Foctenniig 20 .59 1A AL
Cramgramye anf e gl fi (VB 7 (.23

Liveens widagpaliun ] .24 ] .17
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cxperiments, The anly difference in prey availahility for the salamanders in the
Tield is that wo A, recurvares were o the pool where the larva from Sweel Polato
Cave was taken. A, recurvanies may have been present in the pool previously and
had been ealen by the salumander, but in any case there was no indication that the
sweel Potato larva preferred O anternaiies in the laboratory. In the first week of
cxperiments on prey chowee where differences in feeding history are most likely to
be expressed. 20 per cent of the five prey laken by the Sweet Potato Cave larva
were O antennadies, and |7 per cent of the 29 prey taken by the other larvas were
Cantentatus, The difference was not statistically significant. None of the larvae
tack muore than 40 per cent € aatemntus, 35 per cent L. wsdagalun, or less than 50
per cent A reenrvedis, and so the range of individual variation was rather restricted,

The Effvet of Habitieation o Prey

Tw salamanders, one crom Cope Cave and one From MoCluee Cave were piven only
A, recurvetis for a pericd of two weeks, Three indwiduals, two from MeClure Cave
ane ang [rom Sweet Potate Cave, were given only O arnfennatus for a period of two
weeks, Choice experments were done belere and after habitualion (o the prey. For
those given only O antenigtus there was no inerease in the proportion of O
arstermnatnes taken alter habituation {Table 3} For those given only A, recrrsgtus,
the frequency ol O warentaius taken decreased Lo gero after hahituation { Tuble 31,
a statistically significant difTerence (Fisher's exact tesl, P 2 0.99), This was the only
case ol @ shift or difference in diet Tound in this study. The larvae habitoated to A
rectervanis oceasionally tried to caplure € gefernaties, hut were unsuccessful, The
Freguency ol attempts to capture O anfemnatug may have dropped as well, but
Chere are no data to sepport this,

Srze Seleetion

Sax salamanders were each prosenled o succession of choives between two sizes of
A recurvaties, Two A recurnvarus between 4 and 7 mm Tong and (wo A, recrorvaius,
berween 11 and [4 mm long were pluced i the aquarium with a salamander Tarva,
and the number gnd type eaten was checked every 30 minutes for 4 hours, All
iepods cuten wers repluced, Escept for the smallest larva, which had a snout-vent

Table 300 FMest af habitustion te prey on prey selection by (feriaopfley pormd e Afics lamvac,
Thly Larvwe hadntuated fo deeilus recnrvagiey showed any change i frequency of
prey taken

Comdition Mo, & grrermerns aken Mool recnnveias taken %O sntenmalus

Belore Babd luation

10 £ anfeanatg 10 i} 33
Alter halbdluatiom

to f andennatioy 1 12 24
Boelore hubitualian

10 A, recurvaty 5 L& 24

Alter habituation
1o, recurvatny ] L1 ]
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Table 4, Size selection by € yrinnphiluy pomipniticos larvae of dyeliay recurvaias, Twa sioe
groups of A, recurwrfus were used: one bBetween 4 oand T oom and the othar
bhetween 11 and 14 mm. Only the smallest larvs showed sienifican? siee seleclion,

Cave Snoul-Vent Length  No. of small isopods taken  Treq. of small isapods taken
Sweet Polate &0 2 (.40
MeClure 5 1 (.33
Cape 0 I (1.3
MceClure 0 4 .80
Cape 15 1 (.50
TOTAL - i 044
MeClure 45 4 (RN

tength of 45 mm, the five salamuanders with snou-vent lengrths ranping from o6 o
75 mm showed no lendency Lo choose a particulur sice proup { Table 43 These five
sulamanders ate 4 total of 21 sopods, 10 of which were small, Thues, it was anly the
srall larva that showed sny preference, and il tended to eat small sopods. Sl
smaller  salamanders probably  feed on copepods and  ostracods rather than
amphipods and mopods.

DISCLUSSION AND CONCLUSIONS

Gprinophitus porpfivriticns 15 eenerally assumed Lo show [t sz of adaptation 1o
cave life {Brandon 1971, Cooper and Cooper 1964 ) Howeser, dala oblained in e
present study  indicate that some cave populitions ol the species doo shuare
characteristics with cave-limited species. First, both cave-limited species and 1he
individuals of & porphyriticns studied cadse up on their leps to deteet prey. This
allows for more efficicnt operation of the lateral-line svstem. Second | available dala
indicate that feeding success of 7. porplyrdticns s roughly comparuble do that ol
one cave-limited species-Haideotriton welloced. On the basis of the presence or
absence of crustaceans in foud boluses o the guls, Peck (1973) found 1t /F
wallaced was successful in obtaining food sbour 67 per cent of the tme, The suceess
rate of &, porphoeritices o the luborulory, when iU did aot lunge ol proy, was
slightly greater than the suceess rate in the fleld of A wallecel when 1
porphyriticus was eating 4. recwrvabus, and slightly less when it was eating
arfernatus. Thitd, 7, porpfoerticus feeds oo all the available macroscopic species in
the caves {see Culver 19731, and thus is a generalized predator, as are the
cavedimited forms, The high frequency of A recopwiis taken in choice
experiments results from a high rate of feeding success ruther than o preferconce for
Ao recurvatus. Finally, the ability to learn” to esl enfamiliar prey such as Lircens
rfcegadun would seem to be adaptive inoan environment where food is often scarce,
and would enable the salamander larvae to utilize organisms washed into the cave.

On the other hand., the individuals of O porgloeritions studied showed signs of
an evolutionary histary in epigean environments, The most striking example of this
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was Lhe lunging behavior larvae ocessionally showed when attempting to caplure
prey. This behavior would be adaptive for an anfmal that vizsualy located and
detected prey, but it does not seem Lo be adaptive Tor larvae in caves (see Table ).
Thher cave populations af (0 perplyeriicns show more strongly  pronounced
epigean traits. Mos) £ porpdiveitions larvae found in West Yirginis caves are maore
sluggish, Tatter, dun’t raise vp on their legs to delecl prey, and feed on earthwomms
hat are inoor at the edge of the water {Culver, unpublished). Brandon® {1971}
coment that Tarval feeding history has o large effect on feeding behavior can
probubly be extended 190 some marphiologieal and physiological differences as well.
For example. moest of the adult salamanders seen in Cope Cave, McClure Cave, and
Gweet Potato Cave were in the stream, while most of the adults seen in West
Virginia voves woere oul of the water. [t is nol kiwean whether these differences are
primarily duoe to penelic dilferences ar whether they are due to environmenial
differenees hetween the caves that iy affect growth and development of the
Larvae. Further work un this question should prisvide considerabls insight into the
dynamics ol inilial stapes of adaptation to coves,

Sinece sabamanders are osoally md common enoueh inocaves soothat an ecologist
can take more than four or e indivedoals withoul damaging the popudation, ther:
are two things he or she can do: cither nake & detailed examination of food boluses
in e put (Peck 19735 or do feeding experiments i the laboralors {(the present
study ). Both kinds of duta are usetul. Since many salamandecs, both i and out of
caves, have very broad diets, o is important that e variety and relative abendance
of prev avmlable be oassessed see Martol and Scotr 1957 A greal deal of
infermation can be obtained o labaratory studies on predation thar shed lighe on
nul only the mechanism of predaton bul also it effzcts on prey populations (see
Eralen 19730 But v s ollen difficult o obtain enough natural prey 1o do many
exporiments. The ecologica) role and the evolutiopary adaptstions of cave
salurmanders will net be understoed unnl both approaches are utilized for other
specivs of vyve salamanders.
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SUMMARY

The feeding responses of salamanduer Tacvae (Covrmnaphnius porphpeiticns ) foom caves
in the Powall Villey in Virginig were investigated in the laboratory. The larvae
locate prey by mechunoreeeption and captuce the prey by a rapid sucking setion,
much like cave-limited salamanders do. Feeding success is preates with the isopnd
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Avelfus recurvetes (aboul B0 per ocent) Lhan with the amphipod Crengoenx
antennatus (about 50 per cent), und Lhis largely aceounts for the higher frequency
of A, recurvatus taken in cholce experiments. (5. porpfieriticus teadily mpested the
unfamiliar sopod Lircees wsdegadior, but it took four weeks before it was digested
as well, Small lareae lend Lo take small prey and large larvae take hodh large and
small prev. Oceasionally, larvae lunged ab prey, which was uswally unsuceesstul.
This behavior seems (o be o holdover from an evolutionary history in epigean
enviranments where vision could be wsed Lo locale prey.

RESLME

Le comportement alimentaire de larves de sulmmnandre (Ceeniophilng poeoi vHnicus}
provenant des proctes de Ly Powell Valley (Virginie) a 248 élodié au lubonrtoire. Lis
[arves localisent la proie grice 4 une perception de type mécanique ol o caplurent
d'un rapide movvement de suecion. 3 la manigre des salamandres cavernicoles. La
prédation réussit plus avee Ulsopode dsefies recirvadny {enviton 9000) quiaves
"amphipode Cravgonye guteniaty {environ 50000 cecl rend compre, dans upe
larpe mesure. de la plus grande fréquence présenlée par A recervwius lors de
expériences faites sur la préférence alimentaire. (7. porphvriticns o volontiers ingers
Livecns wsdagalun, lsopode que ho &ait imeonnu, mass b a falle attendre gqualre
serndines pour gqu'il soit également bien dipéré. Les petites larves ont tendance &
capiurer de pelites protes. les prandes larves en prennent des petites comme des
arosses. Parfois les larves porlent un coup & une proic gui habiteellement n'a pas de
succés. Ce comportement semble dtre lo survivanee d'une évolution en milicu éping,
nik la vie o e servir & loealiser s proie.
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