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Research Article

The role of size preference in prey selection of
Amphiuma means

Harrison Taylor and John P. Ludlam

Department of Biology, Francis Marion University, Florence, SC 29502

Abstract. The two-toed amphiuma, Amphiuma means, is a large aquatic salamander and a

potentially important predator of crayfish. However, little is known about the effects of predation

by A. means on crayfish communities. This study was carried out to determine if there is a size

preference in A. means predation on crayfish. A. means was expected to prefer medium sized

crayfish in accordance with the optimal foraging theory because they were more energetically

rewarding than smaller crayfish but easier to capture than larger crayfish. Seven similarly-sized A.

means were placed in individual aquatic mesocosms. Six crayfish of the subgenus Scapulicamba-

rus, two from each of three size categories, were also placed in each tub. The percent mortality and

location of the crayfish in the tub were observed for 11 days. A. means had a significant preference

for medium-sized crayfish on day four, but there were no significant differences among predation

rates by the final day. Small crayfish had the lowest predation rates. Surviving crayfish were found

most often on the edges of the tubs. Medium-sized crayfish may have experienced the highest

amount of predation because they have weaker defenses than large crayfish and are unable to hide

as well as small crayfish. However, crayfish may be unable to outgrow predation because even

some of the largest crayfish were preyed upon during the experiment.

Introduction

T
he relationship between predator and

prey plays a vital role in the function

and maintenance of the ecosystem in

which these organisms reside (Paine, 1966).

This study examined the relationship between

crayfish (Procambarus spp.) prey and a large

predatory salamander, the two-toed amphiuma

(Amphiuma means). Crayfish are important in

many freshwater ecosystems as scavengers,

herbivores, and predators (e.g. Stein, 1977).

They also serve as a prey item of larger animals

including fish, birds, mammals, and reptiles.

Previous studies have shown that crayfish

growth, survival, and behavior are affected by

predators (Adams, 2007; Garvey, 1994). For

example, fish predation may contribute to low

abundances of crayfish in sand-bed streams in

north-central Mississippi (Adams, 2007). Gar-

vey et al. (1994) found that interactions between

three crayfish species were influenced by the

presence of a predator.

A. means is a large (up to 116.2 cm total

length) eel-like salamander found in swampy

ditches and other similar bodies of water around

the southeastern United States (Johnson and

Owen, 2005). Studies have shown that crayfish

make up the largest percentage of gut contents

of different Amphiuma species (A. tridactylum

and A. means), and amphiuma commonly prey

on frogs and aquatic insects (Chaney, 1951;
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Schalk, 2010). There have even been reports of

intraspecific predation by A. means (Whitaker

and Ruckdeschel, 2009). Vegetation was ob-

served in very low percentages in guts and may

have been ingested unintentionally along with

prey items (Chaney, 1951). Overall, not much is

known about these animals, and their role in

structuring crayfish populations remains ambig-

uous. Schalk et al. (2010) found that, among

individuals of A. means in a wetlands area of the

Savannah River, populations were most abun-

dant in the littoral zone, where crayfish and fish

commonly reside. This means that amphiuma

might serve as a replacement of fish predators in

temporary aquatic habitats. Crayfish collections

in the coastal plain of South Carolina revealed

that crayfish (including Procambarus spp.) were

more abundant in ditches and small streams

than in larger and deeper streams where

predatory fish could survive (JPL, unpublished

data). However, ditches with large A. means

populations had very low crayfish abundances.

The response of crayfish to a predator may

vary depending on crayfish species and, possi-

bly, size. Adams (2007) examined the effects of

channel catfish (Ictalurus punctatus) predation

on two crayfish species in experimental meso-

cosms. The larger species (Procambarus hayi)

defended themselves with their chelae, while

the smaller species (Orconectes chickasawae)

fled, hid, or became less active in the presence

of catfish. Additionally, P. hayi survived better

than O. chickasawae in the absence of a shelter,

and the mean growth of both crayfish species

was lower in the presence of the catfish (Adams,

2007). These data suggest that the presence of a

predator can alter the behavior of the crayfish.

The purpose of this study was to determine if

A. means displays a size preference in its

selection of Scapulicambarus crayfish as prey

and to observe if A. means had an effect on

crayfish behavior. Optimal foraging theory

predicts that a foraging organism will feed on

prey items that keep their net energy intake

high, so they will choose prey items that are not

costly in terms of energy expenditure (MacAr-

thur and Pianka, 1966). There are several factors

influencing optimal foraging decisions, includ-

ing the relative abundance of prey, search and

handling time, and caloric profit of the prey.

With the exception of abundance, any of these

variables could influence a size preference in

prey selection in this study. Small crayfish can

hide more easily and are harder to find, making

their search time relatively higher. While large

crayfish may provide more calories to the

amphiuma, they can better defend themselves

and outcompete others for hiding places,

increasing both their search and handling time.

Therefore, it is expected that medium-sized

crayfish would be most susceptible to predation

because they should have an intermediate

caloric yield and should have a shorter handling

time than large crayfish, which can defend

themselves better, and a shorter search time than

both small and larger crayfish, which can

presumably hide better. Additionally, the pres-

ence of A. means should alter crayfish behavior

because the need to survive will drive crayfish

to find hiding places and become less active and

therefore less conspicuous.

Materials and Methods

To create the mesocosms, 151 L rectangular

tubs (N=7) were filled with water to a depth of

about 25 cm. Each tub received 23 kg of sand,

which was spread out evenly across the bottom.

Plastic flower trays were cut in half and placed

in the center of each tub as a den for the

amphiuma. No type of shelter was specifically

provided for the crayfish, as many local ditches

and streams are sandy bottomed with little

structure. Air pumps were added to provide

oxygen, and a mesh covering was placed over

the top of each tub and secured with bungee

cords to prevent organisms from escaping from

the tubs when unsupervised.

Amphiuma were caught in minnow traps set

overnight and baited with dog food in a ditch in

Effingham, South Carolina June 21-22, 2010.

The total length of each was measured and

recorded (Figure 1), and only seven of the largest

salamanders were used for the experiment. The

average total length of the amphiuma used in the

experiment was 58.7 cm + 3.8 SD (range = 52

cm to 64 cm). The average snout-vent length for

these amphiuma collected was 44.7 cm + 4.2

Size preference in prey selection of A. means 9
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(range = 37.5 cm to 48.5 cm), and the average

mass was 262.1 g + 13.8 (range = 245.4 g to

280 g). Amphiuma not used in the experiment

were returned to the ditches after capture.

For this predation study Procambarus sp.

(Subgenus: Scapulicambarus) crayfish were

collected from ditches at Francis Marion

University, Florence County, South Carolina.

Two very similar crayfish in the subgenus

Scapulicambarus, native Procambarus troglo-

dytes and introduced Procambarus clarkii, live

in the Pee Dee region of South Carolina; the two

species are very difficult to distinguish from one

another. Forty-two female Procambarus sp.

crayfish were caught with a seine net, hand

nets, and minnow traps. It was important that all

crayfish used in the experiment were female so

that there were no differences because of

gender-based aggression, which could have

influenced risk of predation. The carapace

lengths were measured and used to group

crayfish into three size classes: small (21.29

mm + 1.61 SD), medium (29.19 mm + 0.76),

and large (33.26 mm + 1.17). Seven holding

aquaria with PVC pipes, cut length-wise, for

shelters were used to hold crayfish before

exporting them to the experimental tubs. Two

crayfish of each size category were placed in the

tubs 24 hours ahead of the amphiuma in order to

let them get used to the new environment.

The amphiuma were fasted for 72 hours and

then placed in the tubs with the crayfish. After

the third day, crayfish were provided with

pinches of canned tuna for food after each daily

mortality count in order to avoid cannibalism.

No evidence of cannibalism was observed.

After the third day, the crayfish mortality rate

of each tub was recorded daily. If any crayfish

were not visible during the inventory, the tank

was thoroughly checked, and the amphiuma

shelter was lifted to ensure that crayfish were

not mistakenly recorded as dead. The surviving

crayfish were also counted, and dead uncon-

sumed crayfish were removed. A Hotelling T2

test was used to determine if the number of

surviving crayfish differed among crayfish size

treatments (Prince, 2004). This test was selected

because mortality rates in prey-choice experi-

ments are not independent of each other. Dead

crayfish were not replaced in this experiment

because of the method of statistical analysis.

The temperature and dissolved oxygen level

were monitored over the course of the experi-

ment to make sure conditions were suitable for

the organisms’ survival.

Before each mortality inventory, the crayfish

location (on ledge, tub edge, in sand, on shelter)

was noted as a means to measure crayfish

behavior. The tub walls rose vertically, then

extended outward to form a narrow ledge near

the water surface. The locations of dead crayfish

were not included in this count. The ledges of

the tub were the indentations that were

depressed into the tubs’ sides and were up

higher than the other areas in the tub. These

ledges are typically the areas on the tub used to

grip the tubs while handling or carrying them. A

crayfish was classified as ‘‘in the sand’’ if it was
anywhere on the sand except up against the
tub edges or inside the shelter. It should be
noted that some crayfish were not visible
during behavioral observations and their
locations were not included in any category.
These crayfish may have been hiding in the
sand, inside the amphiuma shelter, or may
have been mistakenly looked over.

Results

Twenty-five amphiuma were caught in 27

minnow traps. Some traps had two salamanders

Figure 1. Length-frequency histogram of total lengths
(cm) of A. means collected in baited minnow traps in an
agricultural ditch in South Carolina.
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inside; in these cases, the amphiuma had marks

on them from where they had bitten each other.

There was at least one case in which a smaller

amphiuma had been partially consumed by a

larger one in the same trap. Two amphiuma

were not measured because of mutilation. Total

lengths ranged from 35 cm to 67 cm (Figure 1).

The total lengths conformed to a roughly bell-

shaped curve with the exception of the 50-54

cm category.

Overall, medium crayfish were most preyed

upon, followed by large crayfish (Figure 2).

Small crayfish remained the most abundant at

the end of the experiment, with few being

preyed upon. There was a significant difference

in mortality among treatments on the fourth day

(Hotelling T2 Test, p < 0.001), when some tubs

no longer contained medium-sized crayfish.

There were no significant differences among

size class survival rates by the final day of the

study (p = 0.1351).

There was considerable variability in overall

predation rates among tubs, with some of the

larger A. means consuming more crayfish

(Figure 3), but there was no significant effect

of A. means length on crayfish predation rate

(R2 = 0.44, p = 0.10). The salamanders utilized

various methods to capture their prey. One was

observed sucking in and swallowing a crayfish

whole from behind, and another was observed

capturing a crayfish by the chelae and pulling it

inside its den. Some dead crayfish were

recovered with bite marks on the carapace but

were not consumed. Crayfish were found most

often against the edges of the tub (39.6% of the

time) and least often (1.7 %) on the ledges of

the tub. Sand was the second most occupied

location (14.8 %) and the top of the shelter was

the least occupied (10.8%). Surprisingly, cray-

fish were often found inside the shelters where

the amphiuma resided. Mean tank dissolved

oxygen on day 2 and 4 was 7.3 mg/L (+ 0.4)

and mean temperature was 278C (+ 0.58C).

Discussion

A. means is likely an important predator of

crayfish in fishless habitats, and predation rates

may depend on the size of the predator and the

prey. In this experiment, predation rates of large

(52 – 68 cm) A. means differed significantly

among crayfish size classes by the end of day

four; and medium crayfish had the highest

mortality rate. This was expected because

medium crayfish may have been unable to

defend themselves as well as large crayfish or

hide as well as small crayfish. Our data coincide

with the optimal foraging theory because it

would take too much energy and time for A.

means to capture large crayfish or find small

crayfish, so the medium-sized crayfish were the

least energetically expensive. Stein (1977)

found that smallmouth bass (Micropterus dolo-

mieui) foraged optimally and preferred medium

sized crayfish (16-20 mm CL) on pebble

substrates, but preferred small crayfish (4 mm

CL) over sand substrates. Evidently, small

crayfish could hide amid pebbles but not sand

in this study (Stein, 1977).

Predation rates were not significantly differ-

ent among crayfish size treatments by the end of

the experiment. After day four, there were no

medium sized crayfish in some tubs, and

amphiuma switched to consuming large cray-

fish. This suggests it may be more costly in

terms of energy to search for and capture the

small crayfish than to fight and capture the large

crayfish. These results could provide insight

into the relative profitability of each size class.

Medium-sized crayfish seem to be the most

energetically profitable because of the amphiu-

mas’ significant preference for them on day

four. Small crayfish seem to be more energet-

ically less profitable in comparison to large

crayfish, which were preyed on more when

Figure 2. Average number of surviving crayfish per tub
during A. means predation experiment. Error bars are
standard errors (n=7).
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medium-sized crayfish were absent or could not

be found.

Even the largest crayfish in our experiment

were vulnerable to predation by amphiuma, and

our large size class (31.7–35.7 mm CL) was

close to the upper size limit of crayfish collected

in traps and by hand for this study (maximum

CL 39.7 mm). Given that amphiuma grow

longer than a meter, few crayfish may be able to

outgrow predation risk. This is surprising

because an increase in size is often advanta-

geous to prey if predators are gape-limited

(Schlosser, 1988). However, while other aquatic

salamanders like the Greater Siren (Siren

lacertina) have gape limitations that restrict

their ability to consume anything larger than

small minnows, A. means have a much larger

gape (Schalk, 2010). It seems that A. means

remains an important predator of crayfish

throughout their lives. The tub habitats were

designed to simulate sand bottomed streams and

ditches. However, there is likely a greater

chance of escape for the crayfish in the wild,

and the large crayfish were the most conspic-

uous in the tubs. We believe that the large

crayfish would evade predation better in the

wild with a greater means of escape and more

habitat complexity, and we also believe that the

gap between the predation rates of the medium-

sized crayfish and large crayfish would be larger

in the wild.

Experimental observations indicated crayfish

mortality was caused by amphiuma predation

and not natural mortality or cannibalism by

crayfish. In many cases mortality due to the

amphiuma was self-evident. The carapaces of

some crayfish were crushed with amphiuma jaw

marks, and a large piece was bitten off the

carapace of another. Additionally, predation

events by amphiuma on crayfish were observed

during the study. In the wild, however, the

mosaic of substrate in some stream beds and

ditches would no doubt provide more hiding

places, making predation on crayfish more

difficult for A. means. However, many streams

throughout the Pee Dee region of South

Carolina have sandy bottoms with relatively

few hiding places, and our mesocosms reflect

this type of habitat.

In our study, amphiuma shorter than 60 cm

consumed few or no crayfish, while larger

amphiuma consumed up to 67% of crayfish

during the experiment. This might indicate that

adult crayfish only become prey for A. means as

the latter grows, but a larger sample size and

range of sizes of A. means would need to be

tested. The smaller amphiuma may opt for

smaller prey, such as tadpoles and insects, and

could ignore crayfish altogether. Indeed, am-

phiuma feces that were examined from selected

individuals prior to the experiment contained

mainly insect exoskeletons. Future research into

the ecological roles of amphiuma predators

should further examine how amphiuma diet

varies with body size. Field studies of the

effects of amphiuma predation would comple-

ment our mesocosm experiment. Another sub-

ject of interest is the gastrointestinal microbiota

of A. means. It would be interesting to see if

chitin-digesting bacteria are present in the

amphiuma gastrointestinal tract and whether

these bacteria have an effect on size-selective

predation. Chitin is a structural polysaccharide

found in the carapaces of crayfish (G.S. Pryor,

unpublished data). It would also be of interest to

observe if amphiuma prefer crayfish over

organisms such as fish and tadpoles. Finally,

crayfish gender and reproductive stage will

Figure 3. Relationship of A. means total length (cm) and
predation rate on crayfish (n=7). Predation rate was
calculated as the number of crayfish consumed per
amphiuma divided by the number of crayfish available in
the tank (6).
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likely influence predation risk, as other studies

have found male crayfish are less likely to be

consumed (e.g. Stein, 1977).
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