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OBSERVATIONS OF JUGA IN THE DIET OF LARVAL PACIFIC GIANT 
SALAMANDERS (DICAMPTODON TENEBROSUS) 

JACOB A. ESSELSTYN AND RANDALL C. WILDMAN 

The Pacific giant salamander, Dicamptodon tenebro- 
sus, is often the dominant vertebrate in small, high 
gradient, head water streams of the Pacific North- 
west (Murphy and Hall 1981; Corn 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 Dicamptodon (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. tenebrosus 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 (Pseudotsuga menziesii), 
western hemlock (Tsuga heterophylla), 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. tenebrosus from pool habitats in 
each reach. We sampled the lower reach (Juga pres- 
ent) on 3 August 1995 and the upper reach (Juga 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. tenebrosus 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. tenebrosus was 113 mm in the 
upper reach and 121 mm in the lower reach (t = 1.91, 
p = 0.063). Mean TL was 191 mm in the upper reach 
and 206 mm in the lower reach (t = 1.91, p = 0.063). 
Mean mass was 49.5 g in the upper reach and 57.5 g 
in the lower reach (t = 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. tenebrosus 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. tenebrosus 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 - 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 
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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 

a One stomach contained 110 Baetis 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 of prey 
base composition and dietary electivity will be re- 
quired to determine specific causal mechanisms re- 
sponsible for the observed difference in diets. 
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AUTUMN VOCALIZATIONS BY THE RED-LEGGED FROG (RANA AURORA) AND 
THE OREGON SPOI ED) FROG (RANA PRETIOSA) 

WILLIAM P. LEONARD, KELLY R. MCALLISTER, AND LISA A. HALLOCK 

On 1 November 1996, we heard 2 male red-legged 
frogs, Rana aurora, calling between 0945 and 0955 hr 
from a red alder (Alnus rubra) riparian forest on the 
NW side of Fiander Lake, Fort Lewis, Pierce Co., 
Washington. The sky was clear and the air temper- 
ature was 6?C at the time of the observation. Air tem- 
peratures taken at the National Weather Service sta- 
tion at the Olympia Airport on the day of these ob- 
servations ranged between -1? and 14?C; 0.05 cm of 
precipitation was recorded 3 days prior to this ob- 
servation and a trace was recorded 1 day later. Nei- 
ther frog was visually located. One individual ap- 
peared to be calling from a hillside, approximately 
10 m N of the lake edge. A 2nd individual appeared 
to be located at the edge of the lake, approximately 
10 m SW of the other frog. Several calling episodes 
were heard. Each began with a series of approxi- 
mately 7 rapid, low-volume clucking notes, given by 
the individual on the hillside. Either immediately 
following or slightly overlapping with the end of the 
initial call, the frog nearest the lake responded with 
a similar call. These calls closely matched northern 
red-legged frog, R. a. aurora, advertisement calls re- 
cently published by Davidson (1995). The final call, 
given by the initiating male, ended in an extended 
growl note that sounded remarkably similar to Da- 
vidson's recording of the California red-legged frog, 
R. a. draytonii. 

We have heard Oregon spotted frogs, Rana pretiosa, 
calling outside of the breeding season on 3 occasions. 
On 22 September 1994, we heard a male calling be- 
tween 1349 and 1500 hr from a deep (> 2 m), slow- 
moving drainage ditch at Conboy Lake National 
Wildlife Refuge, Klickitat Co., Washington. The mar- 
gins of the ditch were densely vegetated with emer- 
gent and floating-aquatic vegetation. The weather 
was clear and approximately 25?C. Air temperatures 
taken at Mt. Adams Ranger Station, Gifford Pinchot 
NF on the day of these observations ranged between 
3? and 29?C. The weather pattern leading up to the 
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day was generally clear with warm days and cold 
nights. Measurable precipitation recorded on the 
nearest days before and after this observation in- 
clude a trace on 14 September and 0.43 cm on 29 Sep- 
tember. Advertisement calls were heard on several 
occasions. Each call, consisting of 9 to 12 faint, low- 
pitched "tapping" notes, was very similar to a re- 
cently published recording (Davidson 1995) of its 
sibling species, the Columbia spotted frog, R. luteiv- 
entris (Green and others 1996, 1997). The calling male 
was not visually located, but several female R. pre- 
tiosa were observed basking along the margins of the 
ditch nearby. 

On 25 September 1996, we heard a male R. pretiosa 
calling between 1512 and 1520 hr from an emergent 
wetland adjacent to Dempsey Creek, Thurston Co., 
Washington. The weather was clear and approxi- 
mately 20?C at the time of the visit. Air temperatures 
taken at the National Weather Service Station at the 
Olympia Airport on the day of this observation 
ranged between 1? and 21?C. The weather pattern 
leading up to the day was generally clear with warm 
days and cold nights. Measurable precipitation re- 
corded on the nearest days before and after this ob- 
servation include 0.25 cm on 22 September and 0.12 
cm on 2 October. The frog gave several advertise- 
ment calls, allowing us to determine that it was in 
Dempsey Creek, in an area of deep (- 1 m), slow- 
moving water with abundant emergent and floating- 
aquatic vegetation. We were unable to locate the call- 
ing male, but an adult female and several recently 
metamorphosed individuals were observed basking 
along the opposite bank. Between 1150 and 1155 hr 
on 9 October 1996, we heard a male calling at this 
same location, but attempts to locate it were also un- 
successful. The weather was clear and approximately 
20?C at the time of the observation. Air temperature 
taken at the National Weather Service Station at the 
Olympia Airport on the day of this observation 
ranged between 6? and 27?C. Measurable precipita- 
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