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Landmark learning by the Ozark zigzag salamander 
Plethodon angusticlavius 

Adam L. CRANE*, Alicia MATHIS 
Department of Biology, Missouri State University, Springfield, MO 65897, USA 

Abstract  Although salamanders have been shown to respond to classical conditioning, spatial learning has been largely un-
studied. We tested whether salamanders could learn to locate foraging areas by using landmarks. We trained 10 salamanders 
Plethodon angusticlavius to use landmarks (small rocks) to locate patches within the arena containing food (blackworms Lum-
briculus variegatus). At the corners of each square testing arena were four plastic dishes, one containing blackworms and the 
other three empty. A rock was placed in front of the dish containing blackworms, and the location of the food-dish was randomly 
chosen for each training trial. A control group was also trained to feed on blackworms in the presence of a rock, but the rock was 
positioned randomly among the four dish locations so that the rock was not a reliable landmark for the worms. Although the 
length of the training period for individual salamanders varied (22–38 trainings per individual), the mean number of trainings for 
salamanders in the control and experimental groups was equal (30 training trials). During testing, no blackworms were present to 
eliminate any visual or chemical cues emanating directly from the prey. Individuals trained with the rock landmarks spent sig-
nificantly more time in the area of the landmark than did control salamanders [Current Zoology 57 (4): 485–490, 2011]. 

Keywords  Landmark learning, Spatial learning, Salamander learning, Plethodon angusticlavius, Beacon 

One common mode of learning is by classical condi-
tioning where animals make associations between a 
familiar stimulus and a novel/neutral stimulus. For in-
stance, some animals can learn information about 
predators by associating the scent of an unfamiliar 
predator with that of a known frightening stimulus (fish: 
Chivers and Smith, 1994; mammals: Griffin et al., 2001). 
In the same way animals can learn spatial information 
by associating characteristics of important resources 
such as shelters or patches of prey with specific features 
of the environment (“landmarks”). Use of familiar 
landmarks for orientation also has been referred to as 
piloting (Schmidt-Koenig, 1965) or Griffin’s Type I 
orientation (Griffin, 1952). A wide variety of species 
have been shown to be capable of some degree of land-
mark learning, including insects (bees: Cartwright and 
Collett, 1983; ants: Collett et al., 2001), octopus 
(Mather, 1991), fish (Odling-Smee et al., 2008), frogs 
(Adler, 1980), reptiles (lizards: Day et al., 1999, Zuri 
and Bull, 2000; snakes: Holtzman et al., 1999; turtles: 
Lopez et al., 2001), birds (Gibson and Kamil, 2001) and 
small mammals (Collett et al., 1986).  

Landmark learning is likely to be particularly impor-
tant for individuals whose home ranges are fixed and 
relatively small so that various locations can be easily 

revisited. In addition, the resource must be either sta-
tionary (e.g., burrows or other shelters, water sources) 
or predictably renewable (e.g., patches of prey) so that 
the landmark is a reliable indicator of the presence of 
the resource. The natural history of territorial terrestrial 
salamanders (genus Plethodon) fits with these criteria. 
During moist conditions, salamanders forage on the 
forest floor where food is abundant, but under dry con-
ditions they are restricted to patches of moisture under 
rocks and logs (Jaeger and Barnard, 1981). For the 
red-backed salamander Plethodon cinereus, core areas 
of territories around cover objects are extremely small 
(less than 0.5 m2: Mathis, 1991), and the wider foraging 
area is also limited (13–24 m2: Kleeberger and Werner, 
1982). Salamanders occupy the same cover objects 
throughout the active season and sometimes across sea-
sons (Gergits and Jaeger, 1990; Mathis, 1990), so it is 
likely that being able to learn the location of at least 
some resources is important. In addition to the location 
of cover shelters, the location of particularly profitable 
patches of prey may be important. These salamanders 
have broad diets composed of virtually any appropri-
ately-sized invertebrate (Petranka, 1998). The location 
of forest-floor invertebrates is largely influenced by 
microclimate (Rykken et al., 2007), and so areas with 
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appropriate microhabitat characteristics are likely to be 
reliable locations for particular prey items.  

In previous studies amphibians have been found to 
learn non-spatial information. Hepper and Waldman 
(1992) showed that frogs learned novel food scents as 
embryos, and Ferrari et al. (2007) documented social 
learning by frog larvae. Salamanders (Order: Caudata) 
have also demonstrated learning. For example, sala-
manders have been trained through classical condition-
ing to respond to unfamiliar predators (Crane and 
Mathis, in press; Woody and Mathis, 1998). Salaman-
ders are also able to learn recognition of novel objects 
(Hershkowitz and Samuel, 1973), recognition of novel 
food sources (Gibbons et al., 2005), and avoidance of 
negative stimuli (Ray, 1970). Additionally, salamanders 
have learned to respond to high predation risk as em-
bryos (Mathis et al., 2008). Although salamanders have 
been shown to learn various sources of information, 
their spatial learning abilities have received very little 
attention.  

The Ozark zigzag salamander Plethodon angusti-
clavius is a lungless salamander that lives under leaf 
litter, logs and rocks in the deciduous forests of northern 
Arkansas and southern Missouri. These salamanders are 
completely terrestrial; individuals hatch from eggs as 
miniature adults and establish territories when they are 
older (Mathis and Britzke, 1999). In this study we hy-
pothesized that Ozark zigzag salamanders could learn to 
use landmarks to locate foraging patches. We used a 
testing protocol that was pioneered by Tinbergen (1932), 
who demonstrated that digger wasps, Philanthus trian-
gulum, can learn to associate the location of their bur-
rows with surrounding landmarks (pinecones). This 
protocol was referred to as the “transformational ap-
proach” by Cheng and Spetch (1998). Because our pro-
tocol examines attraction of individuals to a single 
landmark that is directly associated with the resource, it 
can be categorized as a test of a mechanism called 
“beacon homing”, which was described by Gallistel 
(1990).  

1  Materials and Methods 
Ozark zigzag salamanders (n = 20; SVL = 38.2 ± 

0.62 mm and mass = 0.54 ± 0.03 g) were collected from 
Bull Shoals Field Station in Taney County, Missouri, 
USA. These salamanders were housed in the laboratory 
in large square chambers (plastic Petri dishes; 23 × 23 
cm and 2.5 cm height) and were fed live blackworms 
Lumbriculus variegatus three times per week. Sala-
mander holding chambers were kept inside an environ-

mental chamber at 18 ℃ with a 12:12 light:dark cycle. 
For our protocol to be successful, it was necessary to 

confine the prey to a “patch”. We used circular plastic 
dishes (PVC knock-out plugs; 19 mm radius and 9 mm 
height), each containing 1–2 ml of water and one 
blackworm, as food patches. The worms did not escape 
these dishes. Because this method of prey presentation 
was novel, salamanders were given pre-experimental 
feeding trials to become accustomed to feeding from the 
dishes. Once a salamander successfully fed from the 
dishes, we entered it into training trials. The length of 
the pre-experimental period varied for each individual 
(1–4 weeks). We alternated assignment of training 
groups (10 experimental salamanders and 10 control 
salamanders) so that both groups were equal in experi-
ence consuming blackworms, but individuals began 
training on different dates.  

We trained the salamanders in their home arenas 
about every two days from 20 May – 7 September 2009 
between 10: 30 and 16: 00 h at 23–26 ℃ under fluo-
rescent overhead lighting. We placed one dish at each 
corner of the arena with only one dish containing a prey 
item (one blackworm, 1–3 cm length). The other three 
dishes held water but no blackworms (Fig. 1A). A small 
rock (mass range: 1–2 g) was also present in each arena. 
In the arenas of salamanders in the experimental group, 
the rock was always adjacent to the food-dish holding 
the blackworm (i.e. it was a reliable predictor of the 
presence of food). The rock was positioned about 5 mm 
from the food-dish and between the dish and the center 
of the container. The placement of the prey patches and 
the rock occurred while the salamander was covered by 
an opaque circular holding container (PVC knock-out 
plug; 25 mm radius and 9 mm height) that blocked vis-
ual cues. Salamanders were kept inside the holding 
container for 5 min before it was removed and the sala-
mander was free to explore the arena. We randomly 
selected which of the four dishes would contain the 
blackworm and adjacent landmark each training trial; 
the other three dishes had neither blackworms nor adja-
cent rocks. Because assignment was random, possible 
use of landmark cues external to the salamander’s 
chamber was eliminated. A control group was also 
trained to feed on blackworms in the presence of a rock, 
but the positions of the blackworms and the rocks were 
randomized independently (using a randomized block 
procedure) so that the rock was not a reliable landmark 
for the worms (Fig. 1B). Thus, for control salamanders, 
the rock spent roughly equal amounts of time placed 
clockwise, counter-clockwise, diagonally, and adjacent 
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to the dish containing food. Before testing, individual 
salamanders in both experimental and control groups 
received an average of 27.5 ± 2.29 training sessions (t = 
0.0, P = 1.0). 

All 20 salamanders were tested on each of two test-
ing days: 28 August and 9 September 2009 at 
11:30–13:00 h when laboratory temperatures were ap-
proximately 23℃. Each salamander remained in its home 
arena for testing, and a transparent grid was placed over it. 
The grid had four square quadrants (8 × 8 cm2), and each 
surrounded one of the dishes. To eliminate any visual or 
chemical cues from the food, none of the dishes con-
tained blackworms during testing. The salamander was 
placed under a holding container, and the rock landmark 
was randomly placed adjacent to one of the empty 
dishes (Fig. 1C). The salamander was kept in the hold-
ing container for 5 min and then was free to leave the 
central area and enter into one of the quadrants. Testing 
trials lasted 30 min; we recorded the location of the 
salamander (landmark quadrant, quadrant without 

landmark, or no choice) every minute based on the loca-
tion of the pectoral girdle of the salamander. The response 
variables we analyzed were the latency to enter the land-
mark quadrant, the total number of times the landmark 
quadrant was chosen (out of 30 recordings), and the per-
centage of times the landmark quadrant was chosen (no. of 
landmark quadrant choices / no. of total quadrant choices). 
We averaged the data from the two testing dates for each 
individual to avoid pseudoreplication. 

2  Results 
Our data met the assumptions for parametric statisti-

cal testing, so we used two-sample t-tests. Salamanders 
that had been trained to use landmarks spent signifi-
cantly more time in the quadrant with the landmark 
during testing (number of times the landmark quadrant 
was chosen: t = 3.37, P = 0.005, Fig. 2A; percentage of 
times the landmark quadrant was chosen: t = 3.20, P = 
0.007, Fig. 2B). On average the landmark-trained sala-
manders also moved to the landmark quadrant about  

 

Fig. 1  Experimental methods for landmark learning by salamanders 
A. Training arena for experimental group salamanders: landmark always adjacent to food. B. Training arena for control group salamanders: land-
mark randomly placed in relation to food. C. Testing arena with landmark present but no food. 

 

Fig. 2  Summary of results from learning tests 
A. Mean (±SE) numbers of times the landmark quadrants were chosen in learning tests by Ozark zigzag salamanders Plethodon angusticlavius that 
were trained to use landmarks (experimental group) and those that were not (control group). Two-sample t-test:t = 3.37, P = 0.005. B. Mean (±SE) 
percentages times the landmark quadrants were chosen in learning tests by Ozark zigzag salamanders Plethodon angusticlavius that were trained to 
use landmarks (experimental group) and those that were not (control group). The dotted line represents the random expectation of 25%. Two-sample 
t-test: t= 3.20, P = 0.007. 
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3 min earlier than control salamanders (11.65 ± 2.21 and 
14.60 ± 2.73 min), but these latencies were not signifi-
cantly different (T = 0.84, P = 0.412). 

3  Discussion 
Our data support the hypothesis that Ozark zigzag 

salamanders can learn to use landmarks (i.e. beacon 
homing) to find foraging patches. Compared to control 
salamanders, individuals trained with landmarks spent 
over twice as much time in the quadrant with the land-
marks. Salamanders showed substantial variability in 
their food-searching strategies, with individuals either 
searching for food immediately, moving quickly to the 
corner they faced and then slowly beginning to explore, 
or remaining still for a relatively long period of time and 
then beginning to explore. Qualitatively, the frequencies 
of these behavior patterns did not appear to vary be-
tween training groups (i.e. there seemed to be bold and 
shy individuals in both groups). However, these differ-
ences in initial individual behavior contributed to the 
high variation in foraging latencies.  

The random expectation was that salamanders would 
spend an average of 25% of their time in each of the 
four quadrants. However, salamanders that were trained 
to associate the food patch with the rock landmark 
chose the landmark quadrant 37% of the time, which is, 
as expected, greater than the random expectation (t = 
1.94, P = 0.04, one-tailed). Surprisingly, control sala-
manders appeared to avoid the rock landmark, choosing 
the landmark quadrant only 13% of the time, which is 
less than the 25% expected by chance (t = −3.44, P = 
0.007, two-tailed). This low frequency of use of the 
quadrant with the rock landmark could be because con-
trol salamanders learned that the rock usually (75% of 
the time) indicated the site of an empty dish, and, thus, 
they were more likely to find food in one of the three 
dishes without an adjacent rock. An alternative explana-
tion is that the control salamanders found the rock to be 
a generally negative stimulus, but this explanation 
seems unlikely since salamanders are often found asso-
ciated with rocks in their natural habitat. 

Whether the attraction to landmarks by the experi-
mental salamanders was to a visual or chemical cue or a 
combination of both is unknown. Although terrestrial 
plethodontid salamanders tend to be more active at night, 
they can use visual information for foraging (David and 
Jaeger, 1981; Placyk and Graves, 2001). Studies on ori-
entation by newts Salamandra salamandra suggest that 
visual landmarks may be the most important cue for this 
species (Himstedt and Plasa, 1979; Plasa 1979), but 

studies of homing in Plethodon have focused on possi-
ble use of chemical information (Jaeger et al., 1993; 
Madison, 1969). The possibility that the salamanders in 
our study detected airborne cues emanating from the 
rock landmark is also feasible because volatile cues are 
known to be important to salamanders in at least some 
contexts (Dawley, 1984; Martin et al., 2005). Individu-
als in some species have been found to have the strong-
est responses when both chemical and visual cues were 
present (frogs: Stauffer and Semlitsch, 1993; lizards: 
Amo et al., 2004; crayfish: Bouwma and Hazlett, 2001).  

Most studies of associative learning in amphibians 
have been in the context of predator-recognition learn-
ing, and these studies have shown rapid learning of 
predatory cues, usually with a single training trial (e.g., 
Crane and Mathis, in press; Ferrari and Chivers, 2008; 
Mirza et al., 2006; Woody and Mathis, 1998). Rapid 
learning for avoidance of noxious prey (Rice and Taylor, 
1995) and cues associated with harsh environments 
(heat and drying) (Grubb, 1976) has also been reported. 
Note, however, that rapid learning does not appear to be 
the case for all aversive stimuli. Studies that trained 
amphibians to recognize stimuli associated with either 
electric shocks or bright lights, stimuli that are aversive 
but not naturally encountered in their habitats, required 
numerous training trials (Greding, 1971; Ray, 1970). In 
contrast to stimuli associated with predatory cues, 
learning associated with prey has been reported to re-
quire a substantial number of training trials (Hershko-
witz and Samuel, 1973). We did not collect data during 
the training period, but our qualitative assessment was 
that salamanders needed numerous training trials before 
showing somewhat consistent responses to the rock. 
One hypothesis to explain these differences is that am-
phibians may be able to more quickly learn information 
associated with predation risk than with foraging op-
portunities, possibly due to the greater fitness conse-
quences to the failure to recognize situations involved 
with high predation risk in comparison to the conse-
quences of missed foraging opportunities. However, 
there are at least two alternative hypotheses that should 
be considered. First, because patches of prey can be 
either depletive and transient or predictably renewable 
(Mathis et al., 1995), it may take numerous visits to 
prey patches for individuals to determine whether asso-
ciated landmarks are indeed reliable indicators of prey 
presence. Second, the design of our experiment may 
have been particularly challenging in comparison to 
what a salamander might experience in nature because 
the location of the landmark was not stable; in small 
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mammals, landmarks that change position are more dif-
ficult to learn than stable landmarks (Biegler and Morris, 
1993, 1996), and attraction to landmarks can decrease if 
the position is changed after a period of stability (De-
venport and Devenport, 1994).  

Terrestrial salamanders can maintain above-ground 
site-specific territories for several months, with some 
territories re-occupied by the same individuals even 
after an over-wintering period when salamanders occu-
pied underground burrows (Gergits and Jaeger, 1990). 
Therefore, the usefulness of the retention of spatial in-
formation, including landmark (beacon) learning, has 
potential to have important fitness consequences. Indi-
viduals that can rapidly locate reliable prey patches on 
the forest floor are at an advantage to individuals that 
rely on random search because they can more quickly 
return to their home shelters under rocks and logs where 
they are safer from predators and from desiccation.   

 
Acknowledgements  This research was approved by the 
Missouri State University Institutional Animal Care and Use 
Committee (2007M). Salamanders were collected using Mis-
souri Department of Conservation permit # 13966. We thank 
the Missouri State University Biology Department for support. 

References 

Adler K, 1980. Individuality in the use of orientation cues by 
green frogs. Anim Behav. 28: 413–425.  

Amo L, Lopez P, Martin J, 2004. Wall lizards combine chemical 
and visual cues of ambush snake predators to avoid overesti-
mating risk inside refuges. Anim. Behav. 67: 647–653. 

Biegler R, Morris RGM, 1993. Landmark stability is a prerequi-
site for spatial but not discrimination learning. Nature 361: 
631–633. 

Biegler R, Morris RGM, 1996. Landmark stability: Further stud-
ies pointing to a role in spatial learning. Q. J. Exp. Psychol. 
49B: 307–345. 

Bouwma P, Hazlett BA, 2001. Integration of multiple predator 
cues by the crayfish Orconectes propinquus. Anim. Behav. 61: 
771–776. 

Cartwright BA, Collett TS, 1983. Landmark learning in bees. J. 
Comp. Physiol. A. 151: 521–543. 

Cheng K, Spetch ML, 1998. Mechanisms of landmark use in 
mammals and birds. In: Healy S ed. Spatial Representation in 
Animals. Oxford: Oxford University Press. 

Chivers DP, Smith RJF, 1994. Fathead minnows Pimephales pro-
melas acquire predator recognition when alarm substance is 
associated with the sight of unfamiliar fish. Anim. Behav. 48: 
597–605. 

Collett TS, Cartwright BA, Smith BA, 1986. Landmark learning 
and visuo-spatial memories in gerbils. J. Comp. Physiol. A. 
158: 835–851.  

Collett TS, Collett M, Wehner R, 2001. The guidance of desert 
ants by extended landmarks. The J. Exp. Biol. 204: 1635–1639.  

Crane AL, Mathis S, in press. Predator-recognition training: A 

conservation strategy to increase postrelease survival of hell-
benders in head-starting programs. Zoo Biol. Available online 
at DOI: 10.1002/zoo.20358. 

David RS, Jaeger RG, 1981. Prey location through chemical cues 
by a terrestrial salamander. Copeia. 1981: 435–440.  

Dawley EM, 1984. Recognition of individual, sex, and species 
odours by salamanders of the Plethodon glutinosus-P. jordani 
complex. Anim. Behav. 32: 353–361. 

Day LB, Crews D, Wilczynski W, 1999. Spatial and reversal 
learning in congeneric lizards with different foraging strategies. 
Anim. Behav. 57: 393–407.  

Devenport JA, Devenport LD, 1994. Spatial navigation in natural 
habitats by ground-dwelling sciurids. Anim Behav. 47: 
727–729. 

Ferrari MCO, Chivers DP, 2008. Cultural learning of predator 
recognition in mixed-species assemblages of frogs: The effect 
of tutor-to-observer ratio. Anim. Behav. 75: 1921–1925. 

Ferrari MCO, Messier F, Chivers DP, 2007. First documentation 
of cultural transmission of predator recognition by larval am-
phibians. Ethology 113: 621–627.  

Gallistel CR, 1990. The Organization of Learning. Cambridge, 
MA: M.I.T. Press. 

Gergits WF, Jaeger RG, 1990. Site attachment by the red-backed 
salamander Plethodon cinereus. J. Herpetol. 24: 91–93.  

Gibbons ME, Ferguson AM, Lee DR, 2005. Both learning herita-
bility affect foraging behavior of red-backed salamanders 
Plethodon cinereus. Anim Behav. 69: 721–732.  

Gibson BM, Kamil AC, 2001. Search for a hidden goal by Clark’s 
nutcrackers Nucifraga Columbiana is more accurate inside 
than outside a landmark array. Anim Learn Behav. 29: 
234–249. 

Greding EJ Jr, 1971. Comparative rates of learning in frogs 
(Ranidae) and toads (Bufonidae). Carib. J. Sci. 11: 203–208.  

Griffin AS, Evans CS, Blumstein DT, 2001. Learning specificity 
in acquired predator recognition. Anim Behav. 62: 577–589. 

Griffin D, 1952. Bird navigation. Biol. Rev. 27: 359–393. 
Grubb JC, 1976. Maze orientation by Mexican toads Bufo val-

liceps (Amphibia, Anura, Bufonidae) using olfactory and con-
figurational cues. J. Herpetol. 10: 97–104. 

Hepper PG, Waldman BW, 1992. Embryonic olfactory learning in 
frogs. Q. J. Exp. Psychol. 44B: 179–197   

Hershkowitz I, Samuel D, 1973. The retention of learning during 
metamorphosis of the crested newt Triturus cristatus. Anim. 
Behav. 21: 83–85. 

Himstedt W, Plasa L, 1979. Home-site orientation by visual cues 
in salamanders. Naturwissenschaften. 66: 372–373. 

Holtzman DA, Harris TW, Aranguren G, Bostock E, 1999. Spatial 
learning of an escape task by young corn snakes Elaphe gut-
tata guttata. Anim Behav. 57: 51–60.  

Jaeger RG, Barnard DE, 1981. Foraging tactics of a terrestrial 
salamander: Choice of diet in structurally simple environments. 
Am Nat. 117: 639–664.  

Jaeger RG, Fortune D, Hill G, Palen A, Risher G, 1993. Salaman-
der homing behavior and territorial pheromones: Alternative 
hypotheses. J. Herpetol. 27: 236–239. 

Kleeberger SR, Werner JK, 1982. Home range and homing be-
havior of Plethodon cinereus in northern Michigan. Copeia. 
1982: 409–415. 

Lopez JC, Gomez Y, Rodriguez F, Broglio C, Vargas JP et al., 

D
ow

nloaded from
 https://academ

ic.oup.com
/cz/article/57/4/485/1812039 by M

issouri State U
niversity user on 23 Septem

ber 2021



490 Current Zoology Vol. 57  No. 4 

2001. Spatial learning in turtles. Anim Cogn. 4: 49–59.  
Madison DM, 1969. Homing behavior of the red-cheeked sala-

mander Plethodon jordani. Anim Behav. 17: 25–39. 
Martin SB, Jaeger RG, Prosen ED, 2005. Territorial red-backed 

salamanders can detect volatile pheromones from intruders. 
Herpetologica. 61: 29–35. 

Mather JA, 1991. Navigation by spatial memory and use of visual 
landmarks in octopuses. J. Comp. Physiol. A. 168: 491–497.  

Mathis A, 1990. Territoriality in a terrestrial salamander: The 
influence of resource quality and body size. Behaviour 112: 
162–175. 

Mathis A, 1991. Territories of male and female terrestrial sala-
manders: Costs, benefits, and intersexual spatial associations. 
Oecologia. 86: 433–440.  

Mathis A, Jaeger RG, Keen WH, Ducey PK, Walls SC et al., 1995. 
Aggression and territoriality in salamanders and a comparison 
with the territorial behaviour of frogs. In: Heatwole H, Sulli-
van BK ed. Amphiban Biology. Vol. 2. Social Behaviour. Sur-
rey Beatty and Sons: Chipping Norton, NSW, Australia, 
533–676. 

Mathis A, Ferrari MCO, Windel N, Messier F, Chivers DP, 2008. 
Learning by embryos and the ghost of predation future. P. R. 
Soc. B. 275: 2603–2607.  

Mathis A, Britzke E, 1999. The roles of body size and experience 
in agonistic displays of the Ozark zigzag salamander Pletho-
don angusticlavius. Herpetologica. 55: 344–352. 

Mirza RS, Ferrari MCO, Kiesecker JM, Chivers DP, 2006. Re-
sponses of American toad tadpoles to predation cues: Behav-
ioural response thresholds, threat-sensitivity and acquired pre-
dation recognition. Behaviour 143: 877–889. 

Odling-Smee LC, Boughman JW, Braithwaite VA, 2008. Sympat-
ric species of threespine stickleback differ in their performance 

in a spatial learning task. Behav. Ecol. Sociobiol. 62: 
1935–1945.  

Petranka JW, 1998. Salamanders of the United States and Canada. 
Washington, DC: Smithsonian Institution Press. 

Placyk JS Jr, Graves BM, 2001. Foraging behavior of the 
red-backed salamander Plethodon cinereus under various 
lighting conditions. J. Herpetol. 35: 521–524.  

Plasa L, 1979. Heimfindeverhalten bei Salamandra salamandra 
(L.). Z. Tierpsychol. 51: 113–125. 

Ray JA Jr., 1970. Instrumental avoidance learning by the tiger 
salamander Ambystoma tigrinum. Anim. Behav. 18: 73–77. 

Rice TM, Taylor DH, 1995. A simple test of prey discrimination 
that demonstrates learning in postlarval ranid frogs. J. Herpetol. 
29: 320–322.  

Rykken JJ, Moldenke AR, Olson DH, 2007. Headwater riparian 
forest-floor invertebrate communities associated with alterna-
tive forest management practices. Ecol. Appl. 17: 1168–1183.  

Schmidt-Koenig K, 1965. Current problems in bird orientation. In: 
Lehrman DS ed. Advances in the Study of Behavior. Vol. 1. 
New York: Academic Press.  

Stauffer HP, Semlitsch RD, 1993. Effects of visual, chemical and 
tactile cues of fish on the behavioural responses of tadpoles. 
Anim. Behav. 46: 355–364. 

Tinbergen N, 1932. Über die Orientierung des Bienenwolfes 
(Philanthus triangulum Fabr.). Z Vergl Physiol. 16: 305–335 

Woody DR, Mathis A, 1998. Acquired recognition of chemical 
stimuli from an unfamiliar predator: Associative learning by 
adult newts Notophthalmus viridescens. Copeia. 1998: 
1027–1031. 

Zuri I, Bull CM, 2000. The use of visual cues for spatial orienta-
tion in the sleepy lizard Tiliqua rugosa. Can. J. Zool. 78: 
515–520. 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/cz/article/57/4/485/1812039 by M

issouri State U
niversity user on 23 Septem

ber 2021


	Landmark learning by the Ozark zigzag salamander Plethodon angusticlavius
	Recommended Citation

	Microsoft Word - 8Adam L. CRANE_new_.doc

