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OBSERVATIONSOF JUGA IN THE DIET OF LARVAL PACIFIC GIANT
SALAMANDERS (DICAMPTODON TENEBR05U5)

JACOB A. ESSELSTYNAND RANDALL C. WILDMAN

The Pacific giant salamander, Dicamplodon lenebro-
sus, is often the dominant vertebrate in small, high
gradient, head water streams of the Pacific North-
west (Murphy and Hall 1981; Com and Bury 1989).
Murphy and Hall (1981) found larval D. tenebrosus to
account for as much as 99% of total predator biomass
in small streams in western Oregon and northern
California. Despite studies of the diet and foraging
ecology of Dicamplodon (Antonelli and others 1972;
Parker 1992, 1993, 1994) the pleurocerid snail Juga
spp. has rarely been reported as a significant dietary
component. Juga spp. inhabit many low elevation
streams in western Oregon and composes up to 90%
of invertebrate standing crop biomass in certain
streams (Hawkins and Furnish 1987).

Although Juga are presumably easily captured by
salamanders, the thick, hard shell is considered to
provide protection from vertebrate predators (Haw-
kins and Furnish 1987). Here, we report predation by
larval D. lenebrosus on Juga and compare salamander
diets in stream reaches with and without Juga.

The study was conducted on two reaches of Look-
out Creek in the H.J. Andrews Experimental Forest,
Lane County, Oregon. Lookout Creek is a 4th order
stream located on the west slope of the Cascade
mountains. Substrate primarily consists of cobble
and small boulders. Woody riparian vegetation is
dominated by Douglas fir (Pseudolsuga menziesii),
western hemlock (Tsuga helerophylla), western red ce-
dar (Thuja plicata), and willow (Salix spp.) For de-
tailed description see Nakamura and Swanson
(1994).

We used Smith-Root backpack electrofishers to
capture 20 larval D. lenebrosus from pool habitats in
each reach. We sampled the lower reach Uuga pres-
ent) on 3 August 1995 and the upper reach Uuga ab-
sent) on 5 September 1995. We attempted to collect
individual salamanders of approximately the same
size. The lower reach (460 m elevation) on Lookout
Creek starts 1 km above the confluence with Blue

River reservoir and the upper reach (590 m elevation)
starts 7 km above the confluence.

Salamanders were held for 2 to 3 hr before being
anesthetized with a dilute solution of MS-222 (tri-
caine methanesulfonate). We measured total length
(TL) and snout-vent length (SVL) of each individual
to the nearest mm and mass to the nearest 0.1 g.
Stomach contents were flushed (Legler and Sullivan
1979) and preserved in 95% ethanol. Salamanders
were released after a 6-hr recovery period. We tested

stomach flushing on 6 D. lenebrosus from Tidbits
Creek (a tributary to Blue River) by first flushing
their stomachs and then removing and examining
the remaining contents of their digestive tracts.
Flushing removed all of the contents of the stomach
(including large items) as well as the contents of the
1st quarter of the intestine.

We identified prey items to the most specific tax-
onomic level possible, usually family or genus. All
identifiable prey items and parts were considered in
the analysis, unless the possibility of counting indi-
vidual prey items multiple times existed. In these
cases, we recorded the minimum number possible
for that particular taxon. Any items that could not be
identified to at least the level of order were not con-

sidered in the analysis.
Mean SVL of larval D. lenebrosus was 113 mm in the

upper reach and 121 mm in the lower reach (I = 1.91,
P = 0.063). Mean TL was 191 mm in the upper reach
and 206 mm in the lower reach (I = 1.91,P = 0.063).
Mean mass was 49.5 g in the upper reach and 57.5 g
in the lower reach (I = 1.68,P = 0.10). .

We identified 327 prey items from 20 stomachs in
the upper reach and 99 prey items from 19 stomachs
(1 was empty) in the lower reach (Table 1). The may-
fly Baetis was the most numerous item in stomachs in
the upper reach; one stomach contained 110 subi-
magoes. Juga was the most frequent prey item in the
lower reach, occurring in 12 of 20 (60%) stomachs.
One individual had 11 Juga flushed from its digestive
tract. Crayfish (Astacidae: Pacifasticus) were common
prey items for D. lenebrosus in both reaches. In the
upper reach the remains of 9 crayfish were identified
in 8 individuals. In the lower. reach 9.crayfish were
identified in 9 individuals. D. lenebrosus were found

with both crayfish parts (usually the chelae) and
whole crayfish in their stomachs.

Number of prey per stomach was greater in the up-
per reach than in the lower reach (Mann-Whitney U-
test, z = 2.498, P = 0.012). Eight stomachs from the
upper reach contained> 10 prey items and 14 stom-
achs from the lower reach contained 0 to 5 prey items
(Fig. 1). A greater diversity of prey were taken in the
upper reach where 9 stomachs contained;:: 6 differ-
ent taxa, compared to the lower reach, where the
greatest number of taxa recorded from a single stom-
ach was 5, and 12 stomachs contained :S 3 taxa.

Several hypotheses may explain the observed dif-
ferences in diet. First, the prey base composition may
differ between the reaches. Hawkins and Furnish
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TABLE 1. List of all prey items with occurrence frequency (% of stomachs in which each taxon occurs), total
number of each taxon in the group (N), mean (N /20), and standard deviation (SD) of the mean.

Prey item Occurrence (%) N Mean SD

Upper reach
Ephemeroptera

Baetidae 45 150 7.5 24.40
Baetis 40 148a 7.4 24.43

Siphlonuridae
Ameletus 60 23 1.15 1.46

Leptophlebiidae
Paraleptophlebia 25 11 0.55 1.15

Heptageniidae 50 14 0.70 0.86

Ephemerellidae 35 9 0.45 0.69

Timpanoga 25 5 0.25 0.44

Other Ephemeroptera 70 39 1.95 2.39

Trichoptera
Glossosomatidae 45 28 1.4 2.37

Lepidostomatidae
Lepidostoma 20 5 0.25 0.55

Hydropsychidae 5 2 0.10 0.45

Philopotamidae
Wormaldia 5 1 0.05 0.22

Polycentropodidae
Polycentropus 5 1 0.05 0.22

Limnephilidae 10 3 0.15 0.49

Other Trichoptera 40 10 0.50 0.69

Plecoptera
Leuctridae 5 1 0.05 0.22
Perlidae 25 5 0.25 0.44

Coleoptera
Elmidae 10 2 0.10 0.31

Diptera
Tipulidae 10 2 0.10 0.31

Hydracarina 20 6 0.30 0.73
Terrestrial insects 15 5 0.25 0.64

Decapoda
Astacidae

Pacifasticus 40 9 0.45 0.60
Cottidae 5 1 0.05 0.22
Total 327
Lower reach

Pleuroceridae
Juga 60 53 2.65 3.34

Ephemeroptera
Baetidae 15 3 0.15 0.37

Baetis 5 1 0.05 0.22

Siphlonuridae
Ameletus 20 4 0.20 0.41

Leptophlebiidae
Paraleptophlebia 15 3 0.15 0.37

Heptageniidae 20 4 0.20 0.41

Other Ephemeroptera 40 9 0.45 0.60

Trichoptera
Lepidostomatidae

Lepidostoma 10 2 0.10 0.31

Other Trichoptera 15 4 0.20 0.52

Plecoptera
Leuctridae 5 1 0.05 0.22

Other Plecoptera 5 1 0.05 0.22

Coleoptera
Elmidae 5 1 0.05 0.22

Orthoptera
Tridactylidae 5 1 0.05 0.22



.. One stomach contained 110 Badis subimagoes.

(1987) suggested that Juga is a competitive dominant
in some streams and may profoundly influence
abundances of other invertebrates, specifically less
mobile scrapers and collector-gatherers. Quantita-
tive analysis of invertebrate populations is needed to
assess prey availability and whether or not Juga may
be competing with other invertebrates in the lower
reach. Second, D. tenebrosus may select Juga (optimal
foraging behavior). For example, low search and han-
dling time may result in a preference for Juga. Lastly,
Juga shells may remain in the digestive tract of D. te-
nebrosus for extended periods, thus resulting in an
overestimate of their dietary importance and possi-
bly preventing ingestion of other prey. Dietary anal-
yses require the assumption that all food items are
digested at equal rates. Larger items should take lon-
ger to digest due to their low surface-to-volume ra-
tios. Prey items housed inside protective shells or ex-
oskeletons may also take longer to digest. Juga shells
were observed in the intestines of dissected sala-

manders, leading us to believe that the shells are
passed completely through the digestive tract. Fur-
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FIGURE 1. Frequencies for number of prey items
per gut with one outlier removed from the upper
population (outlier value = 124).

-

ther study with replicated sites and measures o~prey
base composition and dietary electivity will be re-
quired to determine specific causal mechanisms re-
sponsible for the observed difference in diets.

Acknowledgments.-We are very grateful to Jack
Burgess, Janelle McFarland, Brent Miller, and Matt
Whitman for their contributions to field work; Bill
Gerth and Caleb Zurstadt for assisting with the iden-
tification of prey items; and Stan Gregory for provid-
ing advice and direction for the research and com-
ments on the manuscript.

LITERATURECITED

ANTONELU AL, NUSSBAUMRA, SMITH SD. 1972.

Comparative food habits of four species of
stream-dwelling vertebrates (Dicamptodon e.nsa-
tus, D. copei, Cottus tenuis, Salmo gairdneri). North-
west Science 46:277-289.

CORN PS, BURYRB. 1989. Logging in western Ore-
gon: responses of headwater habitats and stream
amphibians. Forest Ecology and Management 29:
39-57.

HAWKINSCP, FURNISHJK.1987. Are snails important
competitors in stream ecosystems? Oikos 49:209-
220.

LEGLERJM, SULUVAN LJ. 1979. The.application of
stomach-flushing to lizards and anurans. Herpe-
tologica 35:107-110.

MURPHY-ML,HALL JD. 1981. Varied effects of clear-
cut logging on predators and their habitat in
small streams of the Cascade Mountains, Oregon.
Canadian Journal of Fisheries and Aquatic Sci-
ences 38:137-145.

NAKAMURAF, SWANSONFJ. 1994. Distribution of
coarse woody debris in a mountain stream, west-
ern Cascade Range, Oregon. Canadian Journal of
Forest Research 24:2395-2403.

PARKERMS. 1992. Feeding ecology of larvae of the
Pacific giant salamander (Dicamptodon tenebrosus)
and their role as top predator in a headwater
stream benthic community. (Dissertation] Davis,
CA: University of California. 141 p.

PARKERMS. 1993. Size-selective predation on ben-
thic macroinvertebrates by stream-dwelling sal-

72 NORTHWESTERN NATURALIST 78(2)

TABLE 1. Continued.

Prey item Occurrence (%) N Mean SD

Diptera
Chironomidae 10 2 0.10 0.31

Hydracarina 5 1 0.05 0.22
Decapoda

Astacidae
Pacifasticus 45 9 0.45 0.51

Cottidae 5 1 0.05 0.22
Total 99
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