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INTRODUCTION 

 

Amphibians are a major component of the forest-floor fauna in Pacific Northwest 

forests and play important ecological roles (see Bury et al. 2002; Davic and Welsh 2004).   

Rigorous, effective sampling protocols are essential to understanding the response of 

amphibians and associated habitat to perturbations such as fire and timber harvest.  

Designs and field techniques also must be able to cover sufficient area or ranges of 

inference.  Adequate samples are needed capture the range of variation in habitat and 

species assemblages over the landscape.  Welsh and Droege (2001) stated that use of 

salamanders as bioindicators requires appropriate and cost-effective counting techniques 

that are precise and replicable (i.e., exhibit low count variances) and accurate (i.e., 

unbiased).   

 Terrestrial salamanders are diverse and abundant in many North American forests 

(Bury et al. 1991; deMaynadier and Hunter 1995; Welsh and Droege 2001).  Several of 

these species or communities are likely candidates for long term tracking within 

Redwood National Park as part of the National Park Service's Inventory and Monitoring 

Program.  Redwood National Park is home to a diverse group of 14 species of 

amphibians and 12 species of reptiles (Table 1).  Some of these can reach high densities 

locally (>1 m
2
).  For example, Welsh and Lind (1992) estimated the density of the Del 

Norte salamander, Plethodon elongatus, at 3200-9000 per ha at one site in northwestern 

California.  Because the core blocks of Redwood National Park represent relatively 

undisturbed ecosystems, they can provide excellent baseline data to monitor amphibians 

trends regionally (e.g., predicated global climate changes) and serve as a comparison to 

nearby logged stands that have suffered declines.   

The objectives of this paper are to evaluate sampling techniques and designs for 

use in future monitoring programs at Redwood National Park.  There are current conflicts 

in employment of relative abundance (count indices) and estimations of densities (mark 

and recapture), but are compared elsewhere (Bury 2004).   Here, the goal is a union of 

emerging technologies (field measurements) and statistical rigor into an effective system 

to best compare how populations may fluctuate over time (e.g., natural cycles), large 

scale changes (e.g., global climate change) or short-term effects (e.g., fire, thinning).
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Table 1. Amphibians and reptiles known or expected at Redwood National Park.  

______________________________________________________________________ 

 

Salamanders 

 

Pacific giant salamander  Dicamptodon tenebrosus 

Torrent salamander    Rhyacotriton variegatus 

Northwestern salamander  Ambystoma gracile 

 Wandering salamander  Aneides vagrans 

 Black salamander   Aneides flavipunctatus 

 Del Norte salamander   Plethodon elongatus   

 Ensatina salamander   Ensatina escholtsii 

 California slender salamander Batrachoseps attenuatus 

 Rough-skinned newt   Taricha granulosa 

 

Anurans 

 

 Tailed frog    Ascaphus truei 

 Northern red-legged frog  Rana aurora aurora 

 Foothill yellow-legged frog  Rana boylii 

 Western toad    Bufo boreas 

 Pacific tree frog   Hyla regilla 

 

Turtles 

 

 Western pond turtle   Clemmys marmorata 

 

Lizards 

 

 Southern alligator lizard  Elgaria multicarinata  

 Northern alligator lizard  Elgaria coerulea Shastensis 

 Northwestern fence lizard  Sceloporus occidentalis occidentalis 

 Western skink    Eumeces skiltonianus skiltonianus 

  

Snakes 

 

 California red-sided garter  Thamnophis sirtalis 

 Northwestern garter snake  Thamnophis ordinoides  

 Terrestrial garter snake  Thamnophis elegans  

 Sharptail snake   Contia tenuis 

 Ringneck snake   Diadophis punctatus 

 Racer     Coluber constrictor 

 Gopher snake    Pituophis catenifer 
_____________________________________________________________________________ 
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SAMPLING DESIGN AND APPROACH 

 

Sampling Issues: Effectiveness and Detectability 

 

Most amphibian monitoring programs attempt to compare populations across time 

or space by comparing counts of animals observed during a standardized survey. 

However, these require that we make several key assumptions: 

1)  The proportion of the population available to be "seen" during surveys is 

constant across time and space (i.e., does not change between survey periods).  

For example, more animals are surface active on a cool moist day than on a dry 

warm day and, thus, more likely to be detected in the first set of circumstances.  

 

2)  The ability of an observer to detect an animal when it is present is the same 

across time or space.  For example, animals may be more difficult to detect in 

thick moist leaf litter or in dense ferns than in a less complex matrix. 

 

3)  The sampling effort is equal at all sampling times or locations. 

 

Using count indices to compare populations across time and space requires employment 

of the formula:  

C1*1 = C2*2   

 

where C1 = the count on the first visit, C2= the count on the second visit, 1=the ability to 

detect animals on the first visit, and 2=the ability to detect animals on the second visit. 

If detection of animals is not equal among visits or across the landscape, detection 

probabilities need to be estimated before counts can be compared.  Sampling terrestrial 

salamanders are complex (see Bailey et al. 2004).  Several recent studies (Hyde and 

Simons 2000, Bailey et al. 2004a) have suggested that detection probabilities are rarely 

constant for terrestrial salamanders and that count indices are likely being inappropriately 

used in many amphibian-monitoring efforts. 
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Redwood National Park is an ideal location to examine salamander-sampling 

methodology because some areas within the park have: (1) High densities of terrestrial 

salamanders; (2) Fairly uniform microhabitat on small scales (e.g., 10 m
2
 plots); and (3) 

A high likelihood that only a small proportion of the salamander population is available 

for sampling at any given time  

 

MATERIAL AND METHODS 

 

We employed a three-step depletion survey technique to evaluate detection 

probabilities at low and high elevations in forested areas of Redwood National Park.  

This depletion technique is adapted from standard fisheries survey techniques (Schneider 

2000). 

We evaluated area-constrained surface surveys for terrestrial salamanders at nine 

100 m
2
 plots in Redwood National Park.  Sites were not chosen randomly, but were 

selected to maximize amphibian density, to minimize hiking time off road or trail, and to 

represent both lower and higher elevation sites in the Park.  At each site a 10 x 10-m plot 

was delineated and flagged at corners.  We recorded weather, forest type, vegetation 

community, and notable features (large trees in the plot) at each site.  The plot was then 

visually divided into four quadrants.  For each quadrant, we recorded percent 

composition by ferns and downed woody debris as well as 10 equally-spaced litter depths 

(leaf litter plus duff). Two people searched the plot by turning over woody, rocks, litter, 

or other objects in search of salamanders for a minimum of 30 and a maximum of 90 

person minutes.  Searchers focused efforts on prime habitat for salamanders such as 

downed woody debris and rocks >10 cm diameter but also searched other available 

habitats including leaf litter and plant matter. Each plot was searched three times 

consecutively without replacement.  We identified, measured, and held all captured 

amphibians until the end of the third survey.   
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RESULTS 

 

We completed three stage depletion surveys at four low elevation and five higher 

elevation sites in Redwood National Park.  The plot surveys yielded a total 150 

salamanders of three species (Table 2).  The complete dataset from the depletion surveys 

can be found in the Appendix. 

 

Table 2.  The number of salamanders captured in each search of nine 10x10m
2
 plots. 

   ___________________________________________ 

  

Plot # Search 1 Search 2 Search       

  1       6       4       5 

  2     10       4       2 

  3       3       6       2 

  4*     29       2  

  5     13       7       3 

  6       6       5       0 

  7       1       1       0 

  8       3       5       3 

  9     18     11       1 

       Total       89        45      16 

     Mean         9.89       5.00       1.78 

_______________________________________________ 

 

          We observed fewer salamanders on each successive survey at only four of nine 

sites and all of these had the higher counts.  Four of our sites had ≤15 individuals found 

on the 3 survey periods, and these likely represent samples too small for any meaningful 

interpretation.  Overall, mean values for all 9 sites decreased with each successive survey 

(Table 2).  Based on the mean value for the first survey, we found 50.6% of this on the 

second survey, and 17.2% on the third survey.  This suggests a steady depletion trend. 
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However, we suspect that this depletion technique was ineffective for most of our 

sites because of the small plot size (100 m
2
) plus most salamanders were found within the 

leaf litter on later surveys.  Surveys we have conducted in the Klamath National Forest in 

northern California and the Siskiyou National Forest in southern Oregon had most 

salamander captures under cover objects such as downed woody debris and rocks (Fig. 

1).  These were both more inland, drier areas and leaf litter is less than in coastal stands 

such as at Redwood National Park.  Where there is deep or extensive areas of leaf litter 

present, it has to be searched intensively to reveal salamanders.  Leaf litter is deep at 

Redwood National Park.  For example, three forested plots had deep mean leaf-litter 

depths (see Appendix): Site 1, 34.5 mm; Site 2, 77.5 mm; and Site 3, 87.8 mm.  

This meant that "high grading" (i.e., turn over the larger woody and rocky objects, 

especially >10 cm diameter) was not effective to fully sample salamandres at Redwood 

National Park.  Overall, there was always more leaf litter to search than available time at 

our Redwood sites and, hence, we likely underestimated how many salamanders were 

present on plots.   

 

 

 

 

Figure 1.  Frequency of salamander captures under rocks, wood (logs, sticks, bark) and litter/duff 

in Redwood National Park (2003) and Klamath National Forest (2001).  
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Using depletion surveys to estimate population abundance and detectability relies 

on several key assumptions: (1) Emigration and immigration is insignificant during the 

sampling period; (2) All amphibians have an equal probability of capture; (3) The ability 

to capture an amphibian doesn’t change during the sampling period; and (4) Sampling 

effort is equal for each sampling period.  

We used standard formulas to estimate population size and detectability using 

both two-stage (Table 3) and a three stage (Table 4) depletion methods (Schneider 2000).  

The assumptions required by the depletion technique for the estimation of detectability 

and population size were not met in this study.  Therefore, statistics and calculations 

derived from this methodology should be considered suspect and thus interpreted 

cautiously.  Densities across both methods ranged from 0.1 to 0.5 salamanders per square 

meter.  Detection probabilities ranged from 17% to 93%.  However, to our knowledge, no 

other studies in the Northwest have tried to validate sampling techniques with detection 

estimates.  The high variability of detection estimates is not unexpected and reaffirms the 

importance of validating sampling methods for terrestrial salamanders. 

 

 

Table 3.  Detection probability, population estimate, and standard error determined using 

two stage depletion.  = detectability, N = population size, SE = standard error 

 

Site 

Number 

1 2 3 4 5 6 7 8 9 

 0.33 0.60 NA 0.93 0.46 0.17 NA NA 0.39 

N 18 17 NA 31 28 36 NA NA 46 

SE 18.97 4.16 NA 0.44 11.30 99.50 NA NA 21.76 

#/m
2
 0.18 0.17 NA 0.31 0.28 0.36 NA NA 0.46 
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Table 4.  Detection probability, population estimate, and standard error determined using 

three-stage depletion.  = detectability, N = population size, SE = standard error. 

 

Site 

Number 

1 2 3 4 5 6 7 8 9 

 0.37 NA 0.41 NA 0.59 NA NA 0.35 0.65 

N 19 NA 13 NA 24 NA NA 14 31 

SE 3.76 NA 2.27 NA 1.26 NA NA 3.13 1.29 

#/m
2 0.19 NA 0.13 NA 0.24 NA NA 0.14 0.31 

 

 

CONCLUSIONS AND RECOMMENDATIONS 

 

Our sampling in Redwood National Park did not meet the necessary assumptions 

of depletion estimators to reliably estimate population size or detection probability.   

However, this was a preliminary attempt to determine detectability in western 

salamanders and some progress was made.  Our surveys emphasize the risk of using 

standard count indices for monitoring population trends.  Plot size was relatively small 

(10 x 10 m) and time was limited for intensive searches, which were constraints on 

sampling. 

We recommend that future studies at Redwood National Park employ methods to 

delineate detection probabilities of terrestrial salamanders on a broader scale (e.g., for 

several species and in different habitats and elevations).  The ineffectiveness of our 

depletion surveys was largely due to our expectation that animals would be concentrated 

under cover objects rather than in the leaf litter.  This was the case.  Because we targeted 

cover objects first, our probability of detecting animals changed during our surveys as we 

moved from cover objects to leaf litter.  We believe that the depletion technique could be 

an effective method for estimating salamander population size and probability of 

detection with the following changes: 
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  1) Observers do not ―hi grade‖ (select) for microhabitat such as larger objects of 

downed woody and rock. 

  2) Establish a large enough plot to obtain a reasonable sample size (e.g., if salamanders 

are found to number ca. 1/m
2 

 then ca. 25 animals would occur in a 15 x 15 m plot 

= 225 m
2
).   

  3) Once plot is determined, measure major habitat features (tree diameters, large "logs" 

or other big woody debris) and estimate percent cover of ground cover (leaf litter, 

rocky talus, etc.).  Attempt to search all large cover objects and, if not all 

serached, estimate percent not surveyed.  Then, randomly select samples of 

ground cover (e.g., 20 or more 1- m
2
 subplots). 

  4) Allow sufficient field time to survey all available large microhabitat (or estimate how 

much was surveyed vs not surveyed) and 10-20% of the ground cover. 

 

Periods of surface activity by terrestrial salamanders vary widely dependent on 

immediate weather conditions and seasonal changes.  Forest type also influences site 

climate (e.g., temperatures vary less inside a dense stand than in a clear cut area). 

Given sufficient time or monetary support, we recommend employing a rigorous 

mark-recapture study to estimate detection probabilities and population size for long term 

monitoring.  Individual marks can be made with fluorescent elastomer (Welsh and Lind 

1992; Davis and Ovaska 2001; Lowe 2002), which is an effective method for marking 

large populations over time.  Relating detection probabilities to accurate population 

estimates would enable Redwood National Park to initiate a meaningful long term 

monitoring program for terrestrial salamanders. 

We recognize the need to improve the reliability and accuracy of determining how 

many terrestrial salamanders occur on control and treatment sites.  We suggest increased 

attention to determination of population sizes by more rigorous, intensive techniques 

(e.g., mark/recapture) while relating results to broader sampling to ensure coverage of the 

range of variation in western forests.  Each approach has its advantages and drawbacks 

(see Bury 2004).   
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 Toward an effective monitoring program, we also suggest experimenting with a 

new approach: Variable Circle Plot.  This has been well tested for birds in forest habitats 

(see Ralph et al. 1995).   For sampling herpetofauna, we suggest a modification where 

there is an inner circle with a radius of 15 m or more (Fig. 2).  The area sampled should 

encompass the home range of many resident salamanders.  If the species in question have 

small home ranges, then a smaller circle would be required to relocate animals in revisits.  

However, we have little information on this topic.  Welsh and Lind (1992) found that few 

Plethodon elongatus moved beyond 7.5 m over a 3 yr period.  Staub et al.(1995) mean 

movements of Ensatina eschscholtzii from original capture was 21.7 ± 2.1 m for males 

and  22.2  ± 2.8 m for females at a site in the Sierra Nevada, California.  Further, their 

and other data sets on terrestrial plethodontid salamanders suggested that distance 

traveled (and thus home range or territory size) may well be correlated with size of the 

study plot.  This emphasizes the importance of establishing plot sizes sufficient to 

encompass the movements of the resident salamanders. 

 We suggest conducting an intensive search of the inner circle until the proportion 

of recaptures exceeds 25%.  On a revisit (e.g., two weeks later or longer), resurvey the 

inner circle to locate marked animals.  Further, survey the outer area to discover how 

many, if any, of the marked individuals have moved out of the inner area.  In theory, one 

may eventually be able to calculate the number of animals moving out or into the inner 

area.  However, we must first experiment with this design to find out if personnel can 

locate sufficient samples and obtain enough recaptures for estimating population sizes. 

 Lastly, we need to determine the costs for these intensive efforts as it may prove 

impractical to sample forested stands, especially over larger area.  The Redwood National 

Park is a large unit with 44,300 ha (= 112,513 acres) and, thus, monitoring sites will need 

to be carefully located as they likely will be sparse over this large landscape.  Time-

constrained surveys have been routinely used to sample salamanders in the Northwest 

(Welsh and Lind 1998; Corn and Bury 1991) but only provide count indices.   However, 

we suggest that time-constrained or other general surveys be done in conjunction with or 

superimposed on mark-recapture plots to compare the effectiveness of each method (cost 

per capture, time commitment, etc.).  No one technique may be adequate to answer the 

questions we have about the distribution and abundance of the herpetofauna over time. 
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Figure 2.  Proposed sampling design to monitor long-term trends in terrestrial 

herpetofauna.  This is deemed RAVCiP (Reptiles Amphibian Variable Circular Plot). 

r = radius  (15 m or more depending on movement or home range sizes of animals). 

 

 

 

 

            r 

                                                 | 
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 Appendix.  Data from the detectability investigation in Redwood National Park 23-26 March 2003. 

____________________________________________________________________________________ 

Site 1        March 23, 2003 

Off Bald Hills Road      Brome McCreary, Erin Hyde 

10T 0416912, 4568825      Air T at 1m 4C 

 

Habitat Description 

Quad1  10% DWD LL depths: 30cm, 25cm, 40cm, 75cm, 60cm 

Quad2  20% DWD LL depths: 45cm, 55cm, 20cm, 20cm, 25cm 

Quad3  5-10% DWD LL depths: 70,20,55,40,25 

Quad4  10% DWD LL depths: 30,20,40,25,25 

 

First Sample beginning @ 0930.  1 person hour 

ID SP SVL TL Substrate Sub Size 

1 BAAT 28 60 LL/DUFF  

2 ENES  19 32 LL/DUFF  

3 ENES 47 91 LOG 100cm x 7cm dia 

4 BAAT 39 89 LL  

5 BAAT 39 89 LL  

6 ENES 21 36 LL  

 

Second Sample – 1 person hour 

ID SP SVL TL Substrate Sub Size 

7 BAAT 37 87 LL  

8 BAAT 37 101 LL  

9 BAAT 41 84 LOG 30cm X 20dia 

10 ENES 40 76 STICK 7cm dia x 100cm 

 

Third Sample – 44 person minutes 

ID SP SVL TL Substrate Sub Size 

11 BAAT 41 105 LL  

12 ENES 36 69 Hole under log 8cm dia x 500cm 

13 ENES 47 96 LL/DUFF  

14 ENES 23 32 LL/DUFF Base of tree 

15 BAAT 31 68 LL/DUFF  

 

 

Leaf litter searches for Site 1 done later on March 25, 2003  13:51 

Site 1 Leaf Search 1 

 <1/4‖= 165 ¼-1‖=28  1-3‖=6  >3‖=0 

 litter volume=40x40x21cm 

Site 1 Leaf Search 2 

 <1/4‖=113 ¼-1‖=22 1-3‖=3  >3‖=0 

 litter volume=36x35x18cm 

Site 1 Leaf Search 3 

 <1/4‖=98 ¼-1‖=6 1-3‖=1  >3‖=0 

 litter volume=37x40x17cm 

1 BAAT 39 61 LL/duff Stumpy tail 

Site 1 Leaf Search 4 

 <1/4‖=94 ¼-1‖=29 1-3‖=1  >3‖=0 

 log: 14x90x11cm 

 log: 12x8x25cm 

 litter volume=41x19x38cm 

1 BAAT 42 96 LL/duff  
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______________________________________________________________________________________ 

Site 2        March 23, 2003 

Bald Hills Rd       Brome McCreary, Erin Hyde 

10T 0416544, 4569268      Air Temp ~1m= 6.5C 

 

Redwood forest, but primary vegetation TanOak 

QUAD 1: 5-10% DWD LITTER DEPTHS: 25,65,30,45,50 MM  

QUAD 2: 20% DWD LITTER DEPTHS: 65,45,75,60,25 MM 

QUAD 3: 15% DWD LITTER DEPTHS: 25,30,30,40,50 

QUAD 4: 50% DWD LITTER DEPTHS: 80,30,45,70,50 

 

FIRST SAMPLE : 1 PERSON HOUR 

ID SP SVL TL Substrate Sub Size 

1 BAAT 36 71 D/L  

2 BAAT 39 86 D/L  

3 ENES-O 41 77 ROCK 14X22X10CM 

4 BAAT 41 97 WOOD 13X11X60 

5 ENES 41 65 WOOD 10X6X60 

6 BAAT 42 87 WOOD 10X10X50 

7 BAAT 43 69, TAILBITE LOG 15X18X100 

8 BAAT 30 63 L/D  

9 BAAT 39 77 BARK 18X6X2 

10 BAAT 41 86 BARK 6X5X25 

 

SECOND SAMPLE : 1 PERSON HOUR 

ID SP SVL TL Substrate Sub Size 

11 BAAT 42 83 LL  

12 BAAT 41 46 LL  

13 BAAT 43 87 LL  

14 BAAT 41 94 LL  

 

THIRD SAMPLE: 36 PERSON MINUTES 

ID SP SVL TL Substrate Sub Size 

15 BAAT 35 85 WOOD 7X3X30 

16 BAAT 39 95 LL  

 

Site 2 Leaf Search 1 

 <1/4‖= 52 ¼-1‖= 11 1-3‖= 10 >3‖= 0 

 log: 6x14x80cm   

 log: 6x13x90cm 

 log: 50x16x95cm 

 litter volume= 40x46x18cm 

1 BAAT 30 37 LL/duff  

 

Site 2 Leaf Search 2 

 <1/4‖= 63 ¼-1‖= 11 1-3‖= 3 >3‖= 0 

 litter volume= 35x40x20cm 

 No salamanders 

Site 2 Leaf Search 3 

 <1/4‖= 46 ¼-1‖= 15 1-3‖= 1 >3‖= 0 

 litter volume= 36 x 40 x 28cm 

 <1/4‖= 54 ¼-1‖= 8 1-3‖= 0 >3‖= 0 

 litter volume=45x44x22cm 

1 BAAT 47 92 LL/duff  
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__________________________________________________________________________________ 

Site 3       March 24, 2003 

09:30-11:45      Willow Wegner, Erin Hyde 

Redwood Creek Trail; Tall Trees Trail   Overcast Clouds 10C 

GPS for parking lot (taken March 26): 10T 0413590, 4572296 EPE 19 

Old-growth redwood forest with sword fern under story with some salmonberry.  Ground cover of 

sorrel.  Thick redwood needles and duff layer. 18Slope. 208Aspect. 10x10m plot 

10T 0414064, 4571490 

 

Quad 1  <5% LWD  40% Fern Base Litter+Duff = 80,100,50,90,75mm 

Quad 2  Large Redwood Circumference: 

5-10% LWD 15% Fern Litter+Duff= 80,65,50,60,70 

Quad 3  5-10% LWD 20% Fern bases Litter+Duff= 90,70,60,90,80mm 

Quad 4  30% Fern <5% LWD Litter+Duff=100,90,70,100,80mm 

 

Stage 1 – 60 person minutes 

ID SP SVL TL Substrate Sub Size 

1 ENES 43 84 LL/DUFF  

2 ENES 40 104 LL/DUFF  

3 BAAT 35 98 LL/DUFF  

  

Stage 2 – 60 person minutes 

ID SP SVL TL Substrate Sub Size 

4 BAAT 33 70 LL/DUFF  

5 ENES 34 63 LL/DUFF  

6 ENES 18 44 LL/DUFF  

7 BAAT 25 57 LL/DUFF  

8 BAAT 29 59 On log under 

needles 

6 cm dia x 200cm  

9 BAAT 36 92 LL/DUFF  

 

Stage 3 

ID SP SVL TL Substrate Sub Size 

10 ENES 35 67 LL/DUFF  

11 ENES 41 78 LL/DUFF  

 

No leaf litter samples taken on March 24. 

Instead, Willow and Chris R. returned on March 26
th

 to take leaf litter samples from this plot. Data are as 

follows:   

 

Leaf Litter 1  GPS 0414089,4571326 EPE 16  Altitude 31ft 

Air Temp: 10.5C  Substrate Temp: 3.1C 

Stick volume: 200x25x5cm 

Litter/Duff volume:  63x30x25cm 

<1/4= 81 ¼-1= 19 1-3= 4  >3= 0 

1 BAAT 25 54 L/DUFF  

2 BAAT 35 76 LL/DUFF  
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Continued, Site 3: Leaf Litter 2 
 

Stick volume: 70x61x27cm 

Litter/Duff volume:  45x37x30cm 

<1/4= 5  ¼-1= 1   1-3= 44 (mostly bark)   >3= 5 (large pieces of bark) 

1 ENES 37 65 Under bark 25x5x2cm 

2 BAAT 37 83 LL/Duff  

      

 

Site 3: Leaf Litter 3 

Stick volume:   65x40x25cm  

Litter/Duff volume:  55x47x30cm 

                    <1/4= 47    ¼-1= 12    1-3= 3       >3= 0 

1 BAAT 45 84 In duff 

w/missing tail 

 

2 BAAT 43 79 In duff  

      

 

Site 3: Leaf Litter 4 

Stick volume:  80x45x30cm 

Litter/Duff volume:  50x45x45cm 

      <1/4= 57     ¼-1= 34   1-3= 5  >3= 0 

1 BAAT 42 54 Leaf litter  Missing tail 
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SITE 4       MARCH 24, 2003  

Start Time 13:20     Willow Wegner, Erin Hyde 

 10T 0414066, 4571489 (poor est)    Aspect 96   Slope 19 

Overcast Skies 

Redwood and Tanoak forest, but no standing Redwood in plot. Fern understory.  Ground has very 

few herbs/forbs. 

We started the first survey, but after the first 30 minutes, we had only finished a tiny portion of the 

plot because the only surface to sample was leaf litter.  We sampled continuously for 78 minutes to 

complete the first sample.  We then did a second sample. 

 

Quad 1    LWD <5%; 15% ferns     Litter + Duff:  40,40,35,30,40mm 

Quad 2     LWD: <5%; 10-20% Ferns      Litter + Duff:  50,40,30,40,70mm 

Quad 3     LWD: 5-10%  Ferns: 25% Litter + Duff:   30,60,55,70,50 mm 

Quad 4   LWD: <5%   Ferns:5-10%       Litter + Duff:   90,30,20,30,40mm 

 

ID SP SVL TL Substrate Sub Size 

1 BAAT 36 90 L/D  

2 BAAT 32 77 L/D  

3 ENES 19 33 L/D  

4 BAAT 30 61 L/D  

5 BAAT 30 63 L/D  

6 ENES 26 50 BARK 15X11X1CM 

7 BAAT 32 74 L/D  

8 BAAT 34 77 L/D  

9 BAAT 34 56 L/D  

10 BAAT 21 52 L/D  

11 BAAT 33 72 UNDER 

BARK 

9X100X1CM 

12 BAAT 25 54 L/D REGENTAIL 

13 ENES 28 52 L/D  

14 BAAT 21 39 L/D  

15 BAAT 32 71 L/D  

16 BAAT 32 74 L/D  

      

END OF 30 MINUTES: SAMPLING CONTINUES…  2
ND

 60 person MINUTEs 

ID SP SVL TL Substrate Sub Size 

17 ENES 39 77 L/D  

18 BAAT 26 61 L/D  

19 ENES 17 31 L/D  

20 BAAT 31 53 L/D  

21 BAAT 31 68 L/D  

22 BAAT 25 53 L/D  

23 BAAT 35 81 L/D  

24 BAAT 28 42 L/D REGEN TAIL 

      

 

End of 30 minutes: Sampling continues…Third period – 36 person minutes 

25 ENES 33 55 L/D  

26 ENES 29 48 L/D  

27 BAAT 36 77 L/D  

28 BAAT 35 79 L/D  

29 BAAT 18 32 L/D  

      



 21 

  

AREA COMPLETED 

SECOND AREA SURVEY:  36 person minutes 

1 ENES 17 32 L/D  

2 BAAT 31 63 L/D  

      

 

 

SITE 4  Leaf Litter 1  1600hrs 

Stick Volume 36x3x14cm    

Sticks 

<1/4  = 133  ¼-1 = 10   1-3 = 3  >3 = 0   

Litter Litter Dimensions 48cmx34cmx24 

1 BAAT 39 79 L/D  

2 BAAT 39 85 L/D  

3 BAAT 41 83 L/D  

      

 

SITE 4  LEAF LITTER 2 16:45 

Stick Volume 48x23x8cm 

Sticks 

<1/4 = 35 

¼-1 = 20   1-3 = 1   >3 = 0 

Leaf litter volume: 32x29x14cm 

 

SITE #4  Leaf Litter 3 

Stick volume 51cmx25cmx13cm 

Sticks 

<1/4 = 52   ¼-1 =  11  1-3 = 4 

 Leaf litter dimensions: 44cmx34cmx18cm 

No Salamanders 

 

No 4
th

 Leaf Litter Search at this time. 

Returned on 3/26 with Willow and Chris to conduct 4
th

 LL search 

Weather: cloudy, dry, no wind 

Volume Litter: 47x35x23cm 

Volume Sticks: 55x40x5cm 

<1/4=31  ¼-1‖=16  1-3‖=2 

No Salamanders 
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_______________________________________________________________________________ 

SITE # 5  MARCH 25, 2003  

10T 4571138, 0415719  E Hyde; B. McCreary 

Raining, No Wind      Air= 10degC 

 Slope 17deg 

Elevation 473m 

10m x 10m 

D. Fir /Redwood old growth forest; Sparse understory of doug fir; Some fern but fairly open.  

Redwood needles as cover. 

 

Search One: 60 person minutes  

1 ENES 45 78 LL  

2 ENES-tiger 36 64 STICK 4.5X4.5X87CM 

3 BAAT 37 83 LL  

4 ENES 37 85 LL  

5 ENES 40 74 LL  

6 BAAT 32 69 LL  

7 BAAT 37 78 LL  

8 ENES 44 78 LL  

9 BAAT 34 70 LL  

10 BAAT 23 58 LL  

11 BAAT 39 94 LL  

12 ENES 39 67 LL  

13 BAAT 40 78 LL  

      

 

Search Two: 60 person minutes 

14 BAAT 44 94 LL  

15 BAAT 36 75 LL  

16 BAAT 34 71 LL  

17 BAAT 32 71 LL  

18 BAAT 38 83 LL  

19 ENES 20 32 LL  

20 BAAT 37 73 LL  

 

SEARCH THREE: 60 PERSON MINUTES 

21 ENES 43 91 LL  

22 BAAT 38 77 LL  

23 BAAT 37 73 LL  

      

 

QUAD 1:  5% LWD     0% FERN      LITTER+DUFF: 30,20,24,30,20MM 

  

QUAD 2:   <5% LWD   FERN: 0%    LITTER +DUFF: 22,32,35,20,20MM 

 

QUAD 3:   LWD 15%    FERN <5%   660CM CIRCUMFERENCE Doug Fig 

                                                             LITTER+DUFF: 20,80,30,20,22 MM 

 

QUAD 4:   15% LWD    <5% FERN   LITTER+DUFF: 25,30,30,28,65 MM 

 

(INCIENTAL: found DITE Adult 11SVL/82tail) 

 

PLOT 5  

Leaf Litter Searches 

Litter Search 1:  <1/4  = 79   ¼-1 = 28   1-3 = 1  >3 = 0   Leaf litter dimensions: 30x26x20cm 
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Litter Search 2:   <1/4  = 24   ¼-1 = 16  1-3 = 6   >3 = 0   Leaf litter dimensions: 35x27x12cm 

  BAAT 34SVL/78TL 

  

Litter Search 3:   <1/4  = 92   ¼-1 = 30  1-3 = 9   >3 = 0  Leaf litter dimensions: 37x33x28cm 

  ENES: 45svl/75TL Male 

 

Litter Search 4:   <1/4  = 32  ¼-1 = 6    1-3 = 0   >3 = 0   Leaf litter dimensions: 35x30x15 

  BAAT 42SVL/86TL 

  BAAT 41SVL/51TL 
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SITE 6        MARCH 26, 2003 

  Erin Hyde and Brome McCreary 

Just upstream from junction of trail with N. Fork Lost Man Creek 

Redwood Old Growth 

 

QUAD 1:  0% LWD  25% Fern bases            Litter + Duff: 65,70,40,50,80mm  

QUAD 2:  0-5% LWD  30% Fern Bases        Litter+ Duff: 75,30,50,35,50mm 

QUAD 3:  5-10% LWD  20% Fern                Litter + Duff  30,110,70,65,40mm  

QUAD 4:   35% Fern Bases    10% LWD      Litter + Duff: 25,50,90,50,60mm 

 

Search One: 60 person minutes      Start Time 0910 

 

1 BAAT 39 97 LL/DUFF  

2 BAAT 36 74 LL/DUFF  

3 BAAT 46 76 TAIL 

REGEN 

ROOT 1.5X40CM  

4 BAAT 33 77 LL/DUFF  

5 BAAT 38 56 LL/DUFF TAIL REGEN 

6 DITE 114 220 LOG  

      

 

SEARCH 2  60 PERSON MINUTES 

7 BAAT 40 93 LL/DUFF  

8 ENES 21 34 LL/DUFF  

9 BAAT 32 63 LL/DUFF REGEN TAIL 

10 BAAT 29 53 LL/DUFF  

11 BAAT 38 84 LL/DUFF  

 

SEARCH 3 36 PERSON MINUTES 

 NONE     

 

LEAF LITTER SEARCH #1 

      <1/4‖ = 33  ¼-1‖ = 12   1-3‖ = 0 

LOGS: 20CM X 9.5CM X 100CM 

LEAF LITTER VOLUME: 40CM X 31CM X 14CM 

 

LEAF LITTER SEARCH #2 

     <1/4‖  = 23    ¼-1‖ = 7  1-3‖ = 3   LOGS = 0   

LEAF LITTER VOLUME = 35X30X17CM 

1 BAAT 27 52 LL/DUFF  

 

LEAF LITTER SEARCH #3 

<1/4‖  = 66    ¼-1‖=15   1-3‖=6    LOGS=0 

LEAF LITTER VOLUME=32x38x14cm 

1 BAAT 41 98 LL/DUFF  

 

LEAF LITTER SEARCH #4  

      <1/4‖ =38  ¼-1‖=9   1-3‖=1   LOGS=0 

LEAF LITTER VOLUME=34X35X16CM 

   No salamanders 
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Site 7 25 March 2003 

Location: ~1/2 mile from trailhead, Dolason Prairie Trail Willow Wegner and Chris Rombaugh 

GPS: 10T 0420369,4561791, no EPE Aspect= S/SW facing 

AirTempStart=3.4C; SubstrateTempStart=5.3C; AirTempEnd=3.2C; SubstrateTempEnd=5.7C 

Weather= moderate to heavy rain, wind=3 from W/NW (outside trees), 100% low nimbostratus cloud cover 

    Vegetation: Reprod (~60 year) doug fir over early successional alder and chinkapin oak; open flooor 

with few young alder and sword fern.  5 fir stems in plot. 2 alder stems in plot. 1 chinkapin stem in plot.  

Whole area is old logged redwood.  Duff= doug fir needles with alder leaves. 

Slope:13deg 

 

Quad 1:   10-20% LWD  <5% Sword Fern           Litter+ Duff: 65,20,40,40,30 

 

Quad 2:  5-10% LWD    <5% sword Fern           Litter + Duff: 20,15,40,30,30 

 

Quad 3: 30-40% lWD    <5% Sword Fern          Litter + Duff: 20,40,10,60,50 

 

Quad 4:  20-30% LWD    <5% Sword Fern        Litter + Duff: 20,40,30,60,30 

 

First Search: 1 person hour  1008 to 1038 

1 BAAT 39 86 DUFF  

 

SECOND SEARCH: 1 PERSON HOUR 1040 TO 1110 

2 ENES-PICTA 46 104 DUFF AT 

BASE OF 

TREE 

 

THIRD SEARCH: 30 PERSON MINUTES (1115-1130) 

No amphibians 

_____________________________________________________________________________________ 

SITE 7- LITTER 1 

    <1/4‖ =131  ¼-1‖ =12   1-3‖ =0  >3‖(LOGS) =0 

LITTER VOLUME = 45X35X15CM 

STICK PILE=60X40X10CM 

No Salamanders 

 

SITE 7- LITTER 2 

    <1/4‖ =42  ¼-1‖ = 14  1-3‖ =1   >3‖(LOGS) =0 

LITTER VOLUME = 51X37X14CM 

STICK PILE=55X37X15CM 

No Salamanders 

 

SITE 7- LITTER 3 

    <1/4‖ =87  ¼-1‖ =2   1-3‖ =0    >3‖(LOGS) =0 

LITTER VOLUME =48X35X17CM;  STICK PILE=30X30X7CM 

1 ENES 19 34 LL/DUFF 

 

SITE 7- LITTER 4 

    <1/4‖ =11  ¼-1‖ =2   1-3‖ =7   >3‖(LOGS) =0 

LITTER VOLUME =50X41X29CM;   STICK PILE=40X20X5CM 

No Salamanders 
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SITE 8        March 25, 2003 

Off Bald Hills Road (South Side)  W. Wegner and Chris Rombough 

Later taken GPS: 10T 0415251, 4572330 

Adjacent to small stream about ½ m x 5-8cm deep 

Old-growth Redwood forest with salal dominating. Also, sword fern and salmonberry. 

2 large trees (1 Redwood  6 ft diameter & 1 doug fir 4 ft diameter) 

GPS: 10T 0420369, 4561731  No EPE 

 

Substrate Temp at Start: 3.5C; Air Temp at Start: 10.2C; Weather: Very rainy. Cloudy, wind 2 from SW 

Aspect: W facing 234deg 

 

Quad 1: % LWD: <5%   % Fern: 10%       Leaf + duff= 15,90,30,46,44 

Quad 2: % LWD: <5%   % Fern: 60%       Leaf + duff= 45,20,48,64,30 

Quad 3: % LWD: 20%     % Ferns: 65       Leaf litter + Duff= 55,40,42,20,15 

Quad 4: % LWD: 10        Ferns: 15-20%   Litter + Duff: 55,85,15,44,70% 

 

First Sampling : 60 person minutes; 1521-1551 

1 BAAT 40 93 LL/DUFF  

2 BAAT 37 85 LL/DUFF  

3 BAAT 40 80 LL/DUFF  

      

 

 

Second Sampling: 60 person minutes; 1552-1622 

4 RHVA 46 72 LL/DUFF ON 

SLOPE BY 

STREAM 

 

5 BAAT 45 96 LL/DUFF  

6 BAAT 37 81 LL/DUFF  

7 ENES PICTA 37 63 IN LOG  1X.5X.5M 

(female) 

8 ENES PICTA 34 64 IN LOG 

1X.5.X.5M 

FEMALE 

      

 

Third Sampling: 16:40-1705  50 person minutes 

9 DITE(TERR) 82 143 LL/DUFF  

10 BAAT 46 100 LL/DUFF  

11 BAAT 41 94 LL/DUFF ADJ TO LOG 

2X.5X.5M 

      

END TEMPS  AIR T=11C 

SUBSTRATE T = 3.4 C 

Site 8 – LEAF LITTER 1 

    <1/4‖ = 12   ¼-1‖ = 4   1-3‖= 3    
LOGS = NONE 

LITTER VOLUME= 40X34X25CM;  STICK VOLUME= 20X15X5CM 

   No salamanders.  

 

Site 8 – LEAF LITTER 2 

    <1/4‖ = 31  ¼-1‖ = 7   1-3‖=8   LOGS = 0  

LITTER VOLUME= 37X22X22CM 

STICK VOLUME= 200 X 50X 10CM;  NO SALAMANDERS 
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Site 8 – LEAF LITTER 3 

    <1/4‖ = 11   ¼-1‖ = 15  1-3‖=0 

LOGS =0 

LITTER VOLUME= 40X30X27 

STICK VOLUME= 45X20X10 

1 BAAT 34 87 DUFF  

 

Site 8 – LEAF LITTER 4-too dark to complete 4
th

 leaf litter sample 

Returned 3/26/03 to take 4
th

 LL 

   <1/4‖ = 18   ¼-1‖ = 8   1-3‖=5   LOGS =0 

LITTER VOLUME= 40x35x25; STICK VOLUME= 30x25x15 

Appendix C, vont. 

 

1 BAAT 37 78 Ll/Duff  

2 BAAT 47 84 LL/Duff  

3 BAAT 32 70 LL/Duff  

*** Found a juvenile clouded salamander 

ANFE 21SV/41TL found under 40x15x9cm redwood bark next to road on pulloff next to our site 
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______________________________________________________________________________________ 

Site 9       March 26, 2003 

Redwood Creek Trailhead (Tall Trees Trail)  Willow Wegner and Chris Rombaugh  

GPS for parking lot: 10T 0413590, 4572296 EPE 19 

Aspect: 208deg (S); Slope: 12deg at 10m; Air temp: 3.9C? (bad thermometer?) 

Substrate: 3.9C 

Weather: cloudy, light rain, no wind. 

GPS: 0414061,4571310, 49ft EPE; altitude: 81ft 

 

 Vegetation Community: old growth redwood forest with tan oak, ground cover redwood needles 

and wood sorel (1 big redwood in plot – 12 ft dbh) 

 

QUAD 1:  15% LWD     20% ferns        LL depths: 62,44,53,75,150mm 

Quad 2: <5% LWD      5-10%              LL depths: 75,95,87,72,38mm 

Quad 3: 5-10% LWD    5-10%             LL depths: 60,85,80,102,108mm 

Quad 4:  5-10% LWD      <5% ferns       LL depths: 110,140,110,120,90mm 

 

First Search: 10:56-11:36 

1 BAAT 43 98 LL/DUFF  

2 BAAT 38 80 LL/DUFF  

3 BAAT 47 116 LL/DUFF  

4 BAAT 38 82 LL/DUFF  

5 BAAT 46 115 LL/DUFF  

6 BAAT 41 90 LL/DUFF  

7 BAAT 37 77 LL/DUFF  

8 ENES** 17 29 LL/DUFF JUV 

9 BAAT 42 94 LL/DUFF  

10 BAAT 34 72 LL/DUFF AT BASE OF 

REDWOOD* 

11 BAAT 34 72 ― ― 

12 BAAT 42 92 ― ― 

13 BAAT 36 67 ― ― 

14 BAAT 38 87 ― ― 

15 BAAT 37 82 ― ― 

16 BAAT 36 86 ― ― 

17 BAAT 37 94 ― ― 

18 BAAT 38 76 ― ― 

      

**Enes: sides paler, belly transparent, 3 vertical bars oneach side, dark colored.  Dorsal surface of tail has 

dark reticulations 

*All these found at base of large redwood in a depression between the redwood and a very decayed stump 

Second Search: 11:40-12:10 

19 BAAT 41 63 LL/DUFF REGEN TAIL 

20 ENES* 34 57 DUFF/LOG 100X10X10CM 

21 BAAT 36 82 DUFF  

22 BAAT 37 96 DUFF  

23 BAAT 44 96 DUFF  

24 BAAT 42 87 DUFF BY 

FERN 

TAIL REGEN 

25 BAAT 30 62 ―  

26 BAAT 38 87 DUFF  

27 ENES 35 66 DUFF/LOG .5X.5X.10 M 
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BARK 

28 BAAT 38 92 DUFF  

29 BAAT 32 74   

*Enes mustard yellow with green eye lids and dark reticulation.  Probably juvenile male. 

 

Third Search:  12:11-12:31 

30 BAAT 38 72 Ll/Duff  

 

_____________________________________________________________________________________ 

Site 9 Litter Search 1: West Plot 

Air temp: 10.2C 

Substrate temp: 10.7C 

Stick Volume: 70x40x20cm 

Litter Volume: 40x40x35cm 

<1/4‖= 59  1/4"-1‖ = 24  1-3‖= 8  >3‖= 0 

1 BAAT 37 81 Ll/Duff  

      

 

Site 9 Litter Search 2:  North Plot 

Stick Volume: 65x35x35cm 

Litter Volume: 58x40x34cm 

<1/4‖= 64   1/4"-1‖ = 17    1-3‖= 6   >3‖= 0 

No Salamanders 

 

Site 9 Litter Search 3: East Plot 

Stick Volume: 60x40x15cm 

Litter Volume: 50x35x35cm 

<1/4‖= 50  1/4"-1‖ =17   1-3‖=3   >3‖=0 

No Salamanders 

 

Site 9 Litter Search 4: S of Plot 

Stick Volume: 45x25x5cm 

Litter Volume: 60x40x20cm 

<1/4‖= 7      1/4"-1‖ =9     1-3‖=0     >3‖=0 

1 BAAT 40 100 duff  

 


