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ARTICLE INFO ABSTRACT

Keywords: The biology of burrowing crayfishes remains elusive to biologists, primarily because these animals spend a
Ambush predation majority of their lives within the confines of their burrow. Scattered observations of burrowing crayfishes have
Burrowing

suggested that burrowing crayfish may exhibit a greater degree of surface activity than previously thought.
Surface behavior may be related to social interactions, predator defense, or prey capture. But documentation of
these behaviors is rare, and few studies have been conducted on the predatory behaviors of burrowing crayfishes.
Here, we report the findings of 24-h video recording surveys conducted on a burrowing crayfish species, the Little
Brown Mudbug (Lacunicambarus thomai). In total, we recorded and watched 633 h of video. We observed L.
thomai sitting atop their burrow engaging in sit-and-wait predatory behavior. This ambush predatory behavior
was used on several different animal prey items, including spiders (Lycosidae), slugs (Philomycidae), and
dragonfly nymphs (Aeshnidae). We also we recorded crayfish cutting terrestrial vegetation near their burrow
entrance and pulling it down into their burrow. Additionally, we analyzed the gut contents of 23 L. thomai from 4
populations to understand the generality of our foraging observations. Indeed, gut content analyses confirmed
that all populations consumed both animal prey and vegetation. Overall, our recordings demonstrate that sit-and-
wait predatory behavior may be a common foraging behavior among burrowing crayfishes. Further, our ob-
servations highlight the trophic role of burrowing crayfish species and emphasizes how these animals forage on
both animal and plant communities in terrestrial habitats.

Crayfish behavior
Crayfish foraging
Diet

Predatory strategies
Trophic ecology

Opposed to most crayfish species that inhabit permanent bodies of
water, a unique burrowing lifestyle has evolved several times
throughout the crayfish phylogeny (Stern et al., 2017). Burrowing
crayfishes are semi-terrestrial, as they burrow to the groundwater—-
creating complex burrows that occasionally reach 3 m in depth and may
persist for years (Fig. 1A; Richardson, 2007). Furthermore, burrowing
crayfishes are ecosystem engineers. As such, their burrows serve as
essential refuge and breeding habitat for animals, including two feder-
ally listed species; the Massasuaga rattlesnake (Sisturus catenatus;
Holycross and Mackessy, 2002) and the Hine’s emerald dragonfly,
(Somatochlora hineana; Pintor and Soluk, 2006). Since burrowing cray-
fishes spend nearly their entire life within and around the confines of
their burrow, they have several adaptations for this lifestyle: small body
size, a vaulted (i.e., tall and thin) carapace, and compact claws (Fig. 1B;
Richardson, 2007). Furthermore, several species exhibit parental care,
as parents will share a burrow with their offspring for extended periods
(Hamr and Richardson, 1994; Norrocky, 1991). However, because
burrowing crayfishes spend most of their lives within their burrow, we
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lack basic knowledge on their behavior and natural history. (See Fig. 2.)

Historically, epigean crayfishes were thought to be scavengers and
primarily consume detritus, periphyton, and aquatic macrophytes
(Momot, 1978; Whitledge and Rabeni, 1997) . However, recent bio-
energetic models, stable isotope studies, and gut content analyses have
demonstrated the importance of animal in the diet of crayfish—which
highlights the trophic role of epigean crayfishes as opportunistic omni-
vores that require both plant and animal matter (Magoulick and Piercey,
2016; Parkyn et al., 2001; Roth et al., 2006; Stites et al., 2017; Taylor
and Soucek, 2010; Whitledge and Rabeni, 1997; but see Johnston et al.,
2011; Larson et al., 2017 for discussions on the species-specific and
ecological variation in the trophic ecology in crayfishes). Similarly,
burrowing crayfishes are thought to be opportunistic omnivores
(Growns and Richardson, 1988; Richardson, 2007). But compared to
epigean crayfishes, our understanding of what burrowing crayfish eat
and how they obtain their food is scant (Bloomer et al., 2021). During
periods of low activity (e.g., drought, winter), burrowing crayfishes may
be confined to their burrow for months (e.g., up to 295 days as reported
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by Norrocky, 1991). Presumably, burrowing crayfish can sustain
themselves within the confines of the burrow by consuming under-
ground roots and cached vegetation. For example, when excavating
crayfish burrows, authors often report that the burrow’s resting cham-
bers are filled with leaves, woody stems, roots, seeds, and other plant
matter (Foltz et al., 2018; Loughman et al., 2019). By contrast, during
times of high activity (e.g., warm air temperature and rain), the outside
of the burrows may provide additional opportunities to forage.
Scattered observations suggest that burrowing crayfish exhibit both
extended foraging excursions and opportunistic predation at their
burrow portal (Foltz et al., 2018; Furse et al., 2004; Grey and Jackson,
2012; Loughman and Simon, 2011; Mccormack and Coughran, 2011;
Thoma and Armitage, 2008). Such reports suggest that burrowing
crayfish search for resources in the area surrounding the burrow, which
is evident from vegetation in the direct vicinity of the burrow being
depleted (Loughman et al., 2015; Loughman et al., 2019). Interestingly,
within an invasive African population of Procambarus clarkii, Grey and
Jackson (2012) reported nocturnal observations of these animals
foraging on terrestrial plant matter. Within their study, analysis of stable
isotope data from this population of P. clarkii confirmed this populations
reliance on terrestrial plant matter, but they were unable to confirm
whether or not the majority of their diet came from direct terrestrial
consumption of plants or through the assimilation of carbon from
detrital matter (Grey and Jackson, 2012). Furthermore, in a state-wide
survey on the distributions of burrowing crayfishes in Indiana, USA,
Thoma and Armitage (2008) note that two species within the genus
Lacunicambarus (Lacunicambarus diogenes and Lacunicambarus poly-
chromatus) exhibited sit-and wait-predatory behavior at their burrow
portal. Within the burrows of these two species, Thoma and Armitage
(2008) often found small pieces of consumed invertebrates, such as
beetle exoskeletons and the shells of terrestrial snails (Thoma and
Armitage, 2008). Impressively, burrowing crayfishes have also been
reported to consume large vertebrate prey, such as salamanders (Page,
1985; Thoma and Armitage, 2008), frogs (Mccormack and Coughran,
2011), and in one report, a mole (ZJL, personal observation). Despite
these scattered anecdotes and observations, we lack an appreciation for
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the foraging behaviors of burrowing crayfishes because of the difficulty
of observing these animals in nature.

In June 2020, we conducted non-stop 24-h video surveys within a
population of a burrowing crayfish, the Little Brown Mudbug (Lacuni-
cambarus thomai; Fib 1B) in Hickory, Pennsylvania, USA. In total, we
recorded 633 h of footage from 6 adult crayfish from 6 separate burrow.
Later, we scanned the footage to observe the predatory strategies used,
prey items consumed, and other relevant interactions. Because
capturing burrowing crayfish often destroys the burrow, we chose to not
capture the individuals in this portion of our study. Therefore, we do not
report demographic data from the recorded footage (i.e., sex, body size).

Our videos revealed numerous interesting and previously undocu-
mented surface interactions in burrowing crayfishes. Across all crayfish,
we observed a surprising amount of day (91 h; 14% of total observation
time) and night (182 h; 27% of total observation time) activity at the
entrance of L. thomai burrows. Most of this activity involved crayfishes
sitting at their burrow portal, often with their claws or bodies partially
out of the burrow. The function of waiting atop the burrow may include
defending the burrow from conspecifics, defending their burrow from
predators, as well as providing an opportunity to secure food. On several
occasions, the L. thomai sat atop their burrow and waited for potential
prey to pass. When a prey item approached, the crayfish would sprint
out of its burrow to ambush the prey (Video S1). We recorded L. thomai
ambushing a variety of prey, including: an ant (Formicidae), a mil-
lepede, Narceus americanus, a dragonfly nymph (Aeshnidae; Fig. 1A), a
spider (Lycosidae.; Fig. 1B) a slug (Philomycidae), and several worms
(Oligochaeta; Fig. 1C; Video S1). In most observations, the crayfish
secured the prey and returned to their burrow for consumption. How-
ever, some predation events were unsuccessful; in which the crayfish
would sprint out of the burrow to secure the prey but was unable to
because of a “missed” strike. Two observations (worm and ant; Video S1)
of sit-and-wait predator behavior occurred during daylight. The daylight
observation of worm predation occurred opportunistically while a L.
thomai was excavating its burrow. In this observation, as the crayfish
was carrying a fresh pile of mud from the bottom of the burrow, the
crayfish sensed a worm nearby, immediately dropped the mud pellet,

Fig. 1. (A) A drawing of a typical burrowing crayfish burrow. This specific drawing depicts a burrow with multiple entrances which lead to two tunnels that connect
to groundwater (depicted in blue). (B) An adult burrowing crayfish, the Little Brown Mudbug, Lacunicambarus thomai, exhibiting daylight activity outside of its
burrow. The burrow’s entrance is out of sight due to the extensive leaf litter coverage. Burrow drawing by Sam Wilson. Photo of L. thomai courtesy of John
Freudenstein. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)



Z.A. Graham et al.

ambushed the worm, and retreated into the burrow (Fig. 1C). Given the
movement of antennae, the worm was likely detected through chemical
or tactical cues rather than visual cues. The remainder of the observa-
tions (dragonfly nymph, millipede, spider, slug, a second worm obser-
vation) of the sit-and-wait predatory behavior were recorded at night,
between 9:00 pm and 4:00 am (Video S1).

In addition to the observations of L. thomai predating upon animals,
we observed 221 instances of foraging for plants. In 78 (35.3%) of these
observations, the crayfish cut nearby plant matter and then consumed it
at the base of their burrow portal. In the remaining 143 (64.7%) ob-
servations, the crayfish cut and then dragged the material down into the
burrow (Video S2). Thus, foraged vegetation can be immediately
consumed or cached for later consumption. Vegetation caches have been
recorded in the burrows of several other burrowing crayfish species
(Hobbs, 1981; Jezerinac et al., 1995; Loughman and Simon, 2011),
confirming our observations with a known occurrence. In theory, the
foraged vegetation may be consumed immediately or left for later con-
sumption. Although it is purely speculative, substantial foraging bouts
may occur prior to seasons in which out of burrow activity is limited, to
ensure food is available year-round.

After these observations from our video recordings, we wanted to
analyze the gut contents of L. thomai to see whether our results were
generalizable across populations. In September 2021, we collected 23
L. thomai which ranged in size from 17.21 mm carapace length to 45.35
mm carapace length, with an average carapace length of 31.28 mm. 9 of
the 23 crayfish were collected from the same population that we filmed
in Hickory, Pennsylvania whereas the remaining crayfish were collected
from 3 separate populations scattered throughout southwestern Penn-
sylvania. All crayfish had their stomachs extracted and they were then
carefully opened and flushed with water in a petri dish with a grid of 1
cm squares. The grid of squares allowed us to more accurately estimate
the percentages of materials in each gut. We then observed the contents
under a dissecting microscope (Leica EZ4) and estimated the percent
volume of the gut contents to the nearest 5% for each crayfish (Parkyn
et al., 2001; Stites et al., 2017; Taylor and Soucek, 2010). Because the
gastric mill of crayfishes often makes the gut contents difficult to
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identify (Whitledge and Rabeni, 1997), we categorized into three broad
groups: vegetation, invertebrates, and unidentified organic material.

Our gut content analysis confirmed the generality of our recorded
foraging observations. We estimated that 47% of the material within the
guts of crayfish was from vegetation (primarily roots, leaves, and grass
cuttings). 23 of the 23 (100%) crayfish that we dissected had vegetation
in their stomachs. Further, we estimated that 16% of all gut content
material was from invertebrates, with most of this coming from small
sections of exocuticle. In one crayfish, we found a nearly complete worm
(Oligochaeta) in the gut. 17 of the 23 (74%) crayfish that we dissected
had invertebrate material within their stomach. The remaining 38% of
stomach material was unidentifiable organic material, which was either
too decomposed to properly identify or rendered unrecognizable by the
gastric mill.

Our video footage also revealed several vertebrate predators inter-
acting with the burrow or the resident crayfish at the burrow portal. We
recorded one scenario of an Eastern Garter Snake, Thamnophis sirtalis
entering a burrow during the day (Fig. 1D; Video S3). Almost immedi-
ately after entering, the snake was chased out by the resident L. thomai.
The snake sat in a defensive pose for several seconds, until the crayfish
left the burrow to engage with the snake and chase it off. Interspecies
behaviors like this demonstrate a level of territoriality not previously
observed in burrowing crayfish. We also observed other vertebrate
predators interacting with burrows (Video S3), including a female Red-
Winged Black bird, Agelaius phoeniceus (Fig. 1E), a Common Raccoon,
Procyon lotor (Fig. 1F), and a Brown Rat, Rattus norvegicus.

Prior to our footage, the foraging strategies of burrowing crayfish
were largely unknown (but see Grey and Jackson, 2012). Historically,
burrowing crayfishes were hypothesized to feed primarily on vegetation
and roots that were encountered inside the confines of their burrows
(Grow and Merchant, 1980; Hobbs, 1981; Loughman et al., 2009; Nor-
rocky, 1991). To our surprise, sit-and-wait foraging seems to be a
common method of acquiring food in L. thomai. Similar observations to
those described herein have occurred with several burrowing species
(Cambarus dubius, Cambarus fetzneri, and Cambarus pauleyi) in situ dur-
ing nocturnal fieldwork, corroborating our recordings and thus

A -
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Fig. 2. Example observations from video surveys of Lacunicambarus thomai. The top three images represent observations of sit-and-wait predator behavior that we
observed. (A) Wolf spider (Lycosidae), (B) Dragonfly nymph (Aeshnidae), (C) Worm (Oligochaeta.). The bottom three images represent recorded predators inter-
acting with crayfish and their burrows. (D) Eastern Garter snake, Thamnophis sirtalis, (E), female Red-Winged Blackbird, Turdus migratorius, (F) Common Raccoon,
Procyon lotor. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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demonstrating that such interactions may be more frequent than bi-
ologists realize (ZJL, personal observation). Given their predation on
surface-dwelling organisms as prey, ecologists need to view burrowing
crayfishes in a different trophic light; especially since small trophic in-
teractions shape ecosystem function (McCann et al., 1998). Further, our
findings support the importance of burrowing crayfish as both predators
and prey that interact with both plant and animal communities in
terrestrial environments (Reynolds et al., 2013).

Interestingly, we did not observe any crayfish engage in extended
foraging excursions beyond the realm of their burrow. Terrestrial
foraging excursions are common within some crayfishes. Indeed, the
Lamington Spiny Crayfish, Euastacus sulcatus is known for its terrestrial
excursions and have been reported feeding on detritus and human
garbage (Furse et al., 2004; Furse et al., 2006). In one report, an adult
E. sulcatus was repeatedly observed attempting to solicit food from the
staff and guests at a tourist resort (Furse and Wild, 2002). But in L.
thomai, foraging seems to be primarily occurr within the area immedi-
ately surrounding the burrow. In Grey and Jackson (2012), observations
of terrestrial plant foraging by P. clarkii were similarly only observed
within the area surrounding the burrow (Grey and Jackson, 2012).
Further, broadening the taxonomic scope of burrowing crayfish diet and
predatory behaviors will be important, as right now the majority of our
understanding comes from within the genus Lacunicambarus (Thoma
and Armitage, 2008). It is currently unknown to what degree burrowing
crayfish in other genera (e.g., Cambarus, Creaserinus, Engaeus, Para-
satcus, etc). rely on sit-and-wait predatory behavior and the consump-
tion of animal prey. The continued use of video and photo technology
(Bearden et al., 2021) to observe terrestrial activity of burrowing cray-
fish will improve our understanding of the behavior and trophic ecology
of these elusive animals. Lastly, such behavioral studies will continue to
elucidate the importance of burrowing crayfish in the diet of terrestrial
predators such as mammals and birds.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.fooweb.2022.e00225.
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