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C11.1  STUDIES PUBLISHED IN "JOURNAL OF 
HERPETOLOGY" 

•  Distribution and Habitat of Rhyacotriton variegatus in Managed, 
Young Growth Forests in North Coastal California  

•  Distribution and Habitat of Ascaphus truei in Streams in Managed, 
Young Growth Forests in North Coastal California (manuscript as it 
appeared in the Journal of Herpetology) 
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C11.2  MONITORING OF SOUTHERN TORRENT SALAMANDER 
POPULATIONS 

C11.2.1 Introduction 

Torrent salamanders are generally found in springs, seeps and the most extreme 
headwater reaches of streams (Nussbaum et al. 1983; Stebbins 1985). They are a small 
salamander that appears to spend most of its time within the interstices of the stream’s 
substrate, which make them difficult to locate and capture without disturbing their 
habitat. The larvae have gills and are restricted to flowing water while adults also appear 
to spend most of their time in the water, but are capable of movements out of the water.  
They are thought to have limited dispersal abilities and small home ranges so that 
recolonization of extirpated sites may take decades (Nussbaum and Tait 1977; Welsh 
and Lind 1992; Nijhuis and Kaplan 1998). Given the highly disjunct nature of their 
habitat, individuals at a given site (sub-population) are likely to be isolated from other 
adjacent sub-populations. The degree of isolation of these sub-populations probably 
varies depending on the distance and habitat that separates them so that torrent 
salamanders could be best described as existing as a meta-population.  

Although there is some evidence for cumulative effects of sediment input in certain sites, 
torrent salamanders are primarily vulnerable to potential direct impacts from timber 
harvest (Diller and Wallace 1996). Direct impacts could include activities such as 
excessive canopy removal at the site leading to elevated water temperature, operating 
heavy equipment in the site, or destabilizing soil leading to excessive sediment deposits 
at the site. Past observations have indicated that these direct impacts can lead to 
extinction of the sub-population at the site. Due to the survey difficulties noted above, an 
attempt to get a statistically rigorous estimate of the number of individuals at monitored 
sites would be impractical. In spite of this, an index of the number of individuals at each 
site and record the life history stage of each individual captured will be determined. 
However, given the unreliability of the index of sub-population size, the persistence of 
individual sub-populations will be used as the primary response variable for the torrent 
salamander monitoring. 

Concerns could be raised that there are too few sub-populations in the meta-population 
of torrent salamanders to expect to see significant changes over time, or that any loss in 
sub-populations would threaten the long-term persistence of torrent salamanders within 
the Plan Area. However, 598 torrent salamander sites (sub-populations) already have 
been located across Green Diamond’s ownership in the HPAs,  and it is estimated that 
no more than 25-30% of the total potential habitat has been surveyed. In addition, 
without a formal monitoring protocol, the apparent extinction and re-colonization of 
several torrent salamander sites have been documented. This would indicate that the 
meta-population concept does appear to apply to torrent salamanders in this region. 

C11.2.2 Objectives 

The primary monitoring approach for southern torrent salamanders will employ a paired 
sub-basin design. Changes in the persistence of sub-populations will be compared in 
randomly selected sites in watersheds with (treatment) and without (control) timber 
harvest. In some cases, control sub-basins will not be available in which case changes 
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in sub-populations will be compared to the amount of timber harvest. In either case, the 
objective will be to determine if timber harvest activities have a measurable impact on 
the persistence of sub-populations. Therefore, the objective for torrent salamander 
monitoring will be to determine if their is a difference in the persistence rate for treatment 
and control sub-populations, and to document any apparent changes in the habitat 
conditions or index of sub-population size at each site. The monitoring reaches within 
each sub-basin will be sampled at least one year prior to operations that could influence 
the treatment sites and every year thereafter. New sub-basins will be added across the 
ownership until there are 12-15 paired sites well distributed across the Plan Area. 
Depending on the schedule of harvesting in the treatment sub-basins, it will likely be 
necessary to monitor a site for more than 10 years to determine if a treatment effect has 
occurred. (Refer to Appendix D for full details of the field protocol.) 

A secondary monitoring objective will be to document long-term changes in torrent 
salamander populations across Green Diamond’s ownership. Previous studies done 
within the Plan Area estimated that 80% of all surveyed streams (almost 90% excluding 
geologically unsuitable areas) had torrent salamander populations (Diller and Wallace 
1996). Given that this occurrence rate is near the highest reported for the species even 
in pristine conditions (Carey 1989; Corn and Bury 1989; Welsh et al. 1992), an additional 
objective is to sustain the occupancy of torrent salamander populations in streams 
across the ownership at a minimum of 80% through time. To determine if this objective is 
being met, the landscape-level survey previously completed (Diller and Wallace 1996) 
will be repeated at 10-year intervals.  

C11.2.3 Thresholds/Triggers 

The extinction of a sub-population of torrent salamanders is a stochastic event that will 
not be likely to occur on a regular basis. As such it will not provide a responsive trigger 
to incremental changes in habitat conditions for torrent salamanders. However, any 
extinction of a sub-population will trigger a first phase (yellow light) evaluation to 
determine if the extinction was likely to be related to management activities. The 
apparent decline in the index of sub-population size in treatment sites compared to 
control sites would also trigger a first phase evaluation, but Green Diamond does not 
believe these data could be used to determine a reliable estimate of a population trend. 
Any significant increase in the extinction of treatment sub-populations relative to control 
streams would initiate a second stage review, but it is likely that this could be 
documented only after many years of monitoring.  

The yellow light thresholds will be: 

• any extinction of a sub-population, or   

• an apparent decline in the average index of sub-population size in treatment sites 
compared to control sites.  

The red light thresholds will be:  

• a statistically significant increase in the extinction of treatment sub-populations 
relative to control streams, or   

• a significant increase in the net rate of extinctions over the landscapes.  
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The change in the occurrence of torrent salamander populations across the ownership 
would not be suitable to use as a trigger to initiate management review due to the 
extended time-lag between successive data points. However, the occurrence of torrent 
salamanders in streams across the Plan Area would serve as corroborative evidence to 
support the findings of the meta-population monitoring, and a significant decrease in the 
occurrence rate would initiate a review of the probable cause of the decline. 

C11.2.4 Temporal Scale 

Based on previous monitoring of torrent salamander sites, the extinction of a site will 
likely be due to a catastrophic event (natural or anthropogenic).  This will be detected 
during the first survey season following the event.  Therefore, yellow light conditions will 
trigger an evaluation in a single year.  As noted above, the torrent salamander 
monitoring is not well suited for a red light threshold, because the temporal scale would 
likely be too long for effective use in adaptive management.  

C11.2.5 Spatial Scale 

The zone of monitoring influence for a specific site will be determined on a case-by-case 
basis.  Given that torrent salamanders are most likely to be impacted by direct site 
impacts, assessment of yellow conditions will include a field inspection of the affected 
site to determine likely causes.  Results from all sites will be examined to determine if 
extirpations or declines are localized, area-wide, or associated with specific 
management activities, geologies, climatic variations, or other variables.  Potential 
adaptive management changes could occur within a HPA, across the Plan Area, or in all 
areas with similar geology, for example, depending on the nature of the monitoring 
results. 

C11.2.6 Feedback to Management 

As noted above, the extinction of a sub-population of torrent salamanders due to 
management activities will most likely be caused by the direct impacts of timber harvest. 
Green Diamond believes that most of these impacts can be avoided by the proper 
identification of the site as a Class II watercourse. Ongoing training of the forestry staff 
will be designed to insure that improper watercourse classification does not occur. 
However, if it does occur, additional corrective measures such as only utilizing trained 
biologists to determine watercourse classification on small headwater streams will be 
employed. Extinctions or apparent declines in numbers that occur for more subtle 
reasons will be evaluated using habitat data collected at each site such as monitoring 
water temperature, canopy closure and substrate composition. If the apparent cause is 
management related, the appropriate adjustments will be made to mitigate future 
impacts. 

C11.2.7 Results to Date 

Eight paired sub-basins have already been selected for monitoring southern torrent 
salamanders including one sub-basin (Poverty Creek) that will serve as a control for two 
treatment sub-basins (Jiggs and Pollock Creeks). Five were initiated in 1998, two in 
1999 and one additional paired sub-basin was selected in 2000 (Table C11-1).  
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Table C11-1. Summary of southern torrent salamander monitoring sites, 1998-2000.1 

 
 Salamanders 

Paired Monitoring Sub-basin Site Type 1998 1999 2000 
Blackdog Creek  BD 5400 A C 6 4 4 
Blackdog Creek BD 5400 B C 9 27 12 
Blackdog Creek BD 5300 A T 8 3 5 
Blackdog Creek BD 5300 B T 18 2 1 
Lower NF Mad Poverty A C 13 27 18 
Lower NF Mad Poverty B C 63 87 79 
Lower NF Mad Jiggs A T 7 6 7 
Lower NF Mad Jiggs B T 6 5 5 
Lower NF Mad Pollock A T 9 3 1 
Lower NF Mad Pollock B T 4 5 11 
Upper NF Mad Canyon A C 20 21 20 
Upper NF Mad Canyon B C 8 3 18 
Upper NF Mad Mule A T 9 9 11 
Upper NF Mad Mule B T 6 7 2 
Panther Creek O-5 A C/h 4 6 5 
Panther Creek O-5 B C/h 8 23 23 
Panther Creek O-6 A  T 8 6 3 
Panther Creek O-6 B T 3 1 2 
Rowdy Creek R-1700 A C/h  7 7 
Rowdy Creek R-1700 B C/h  5 13 
Rowdy Creek R-1000 A T  13 10 
Rowdy Creek R-1000 B T  7 3 
NF Maple Creek B (F-10) C/h  3 3 
NF Maple Creek C (F11.5-1) C/h  2 2 
NF Maple Creek D (F11.5) T  5 3 
NF Maple Creek A (F-13) T  4 6 
Surpur Creek B700A C   9 
Surpur Creek A400A C   9 
Surpur Creek B1042B T   4 
Surpur Creek A400B T   24 
Totals   209 291 320 
Note 
1  “C” indicates a control site with no timber harvest, C/h represents a control site that will have some limited 
timber harvesting and “T” indicates treatment sites that will have extensive timber harvesting. 

 

C11.2.8 Discussion 

This study has only been going on for three years and there has been no timber 
harvesting immediately adjacent to any of the torrent salamander monitoring sites. 
Unlike the tailed frog monitoring protocol (see Appendix D), the torrent salamander 
protocol is based on the persistence of sites as the primary response variable and not on 
estimates of abundance of individuals in monitoring reaches. However, the protocol does 
specify consistent collecting effort over the same sample reach each year so that 
comparisons of relative abundance of individuals at each site can be made. In spite of 
the less precise estimate of abundance relative to tailed frogs, there was little annual 
variation in the number of torrent salamanders collected at monitoring reaches. The 
mean number of individuals captured per year from 1998-2000 for the 18 sites that were 
monitored over the entire three years was 11.6, 13.6, and 12.6, respectively. If this 
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pattern persists, it could lend support for using relative abundance as the primary 
response variable, which would provide much greater sensitivity to the treatment effects 
for this monitoring approach. Recently, Green Diamond experimented with marking 
individual salamanders with a fluorescent elastomer and the initial results have been 
promising. If this technique proves to be reliable, it will be used to obtain mark-recapture 
estimates of salamander abundance which will allow tracking of changes in abundance 
over time.  

C11.2.9 Conclusion 

This study is in its preliminary stages and it is too early to determine if there were any 
effects of timber harvest on the persistence of the sites by torrent salamanders.  
However, most sites seemed to have relatively constant numbers among years and 
there was no evidence of any local extinction. 
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C11.3  MONITORING OF TAILED FROG POPULATIONS 

C11.3.1 Introduction 

Tailed frog habitat has been characterized as perennial, cold, fast flowing mountain 
streams with dense vegetation cover (Bury 1968; Nussbaum et al. 1983). To support 
larval tailed frogs, streams must have suitable gravel and cobble for attachment sites 
and diatoms for food (Bury and Corn 1988).  Streams supporting tailed frogs have been 
found primarily in mature (Bury and Corn 1988; Welsh 1990) and old growth coniferous 
forests (Bury 1983; Welsh 1990).  Bury and Corn (1988) reported that the frogs seem to 
be absent from clearcut areas and managed young forests (Welsh 1990). Although 
these authors did not establish a cause and effect relationship, it is hypothesized that 
tailed frog populations could be effected by both direct and indirect impacts of timber 
management. Direct impacts could include activities such as excessive canopy removal 
at the site leading to elevated water temperature, or destabilizing soil leading to direct 
sediment inputs at the site. However, tailed frogs may be vulnerable to cumulative 
impacts from the upper reaches of watersheds that result in elevated water temperatures 
or excessive sediment loads. In this regard they are similar to the salmonid species 
except that such cumulative impacts could effect tailed frog populations before the 
impacts were manifest in the lower fish-bearing reaches of the watershed. 

The primary focus of the tailed frog monitoring will be on the larval population. While the 
adults can move between the stream and adjacent riparian vegetation, the larvae respire 
with gills and are tied to the stream environment. They require a minimum of one year to 
reach metamorphosis (Wallace and Diller 1998), which necessitates over-wintering in 
the streams. They feed on diatoms while clinging to the substrate with sucker-like mouth 
parts (Metter 1964) and have limited swimming ability. This makes them potentially 
vulnerable to excessive bed movement of the stream during high flows, which  
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previously have been documented to drastically reduce the larval cohort. As a result of 
their life history requirements, the larvae provide the most immediate and direct 
response to changes in stream. In addition, larval tailed frogs can be captured with ease 
while causing minimal disturbance to the site. Ongoing studies have allowed us to 
develop a protocol that has been shown to be highly effective in estimating larval 
populations. Adults can also be captured with minimal disturbance to the site, but in 
contrast to the larvae, their population size can not be readily estimated. As a result of all 
the factors discussed above, the primary response variable for the tailed frog monitoring 
will be the size of the larval population. 

C11.3.2 Objectives 

The primary monitoring approach will employ a paired sub-basin design. Changes in 
larval populations of tailed frogs will be compared in randomly selected streams in 
watersheds with (treatment) and without (control) timber harvest. In some cases, control 
sub-basins will not be available in which case changes in larval populations will be 
compared to the amount of timber harvest. In either case, the objective will be to 
determine if timber harvest activities have a measurable impact on larval populations. 
The monitoring reaches within each sub-basin will be sampled at least one year prior to 
operations that could influence the treatment sites and every year thereafter. New sub-
basins will be added across the ownership until there are 12-15 paired sites well 
distributed across the Plan Area. Depending on the schedule of harvesting in the 
treatment sub-basins, it will likely be necessary to monitor a site for more than 10 years 
to determine if a treatment effect has occurred. (Refer to Appendix D for full details of 
the field protocol.) 

A secondary monitoring objective will be to document long-term changes in tailed frog 
populations across Green Diamond’s ownership. Previous studies done within the Plan 
Area determined that 75% of all surveyed streams (80% excluding geologically 
unsuitable areas) had tailed frog populations (Diller and Wallace 1999). Given that this 
occurrence rate is not much lower than the highest reported for the species even in 
pristine conditions (Corn and Bury 1989; Welsh 1990; Bull and Carter 1996), a 
secondary objective is to sustain the occupancy of tailed frog populations in streams 
across the ownership at a minimum of 75% through time. To determine if this objective is 
being met, the landscape study previously completed (Diller and Wallace 1999) will be 
repeated at 10-year intervals.  

C11.3.3 Thresholds/Triggers 

The change in larval tailed frog populations can be used as a trigger to initiate both first 
and second stage review of management activities. Any significant decrease in the larval 
populations of treatment streams relative to control streams would initiate a first stage 
(yellow light) review. A significant decline in treatment streams relative to control streams 
over a three year period would initiate a second stage (red light) review. 

The yellow light thresholds will be: 

• any statistically significant decrease in the larval populations of treatment 
streams relative to control streams, or  

• a statistically significant downward trend in both treatment and control streams.  
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The red light thresholds are: 

• a statistically significant decline in larval populations in treatment streams relative 
to control streams in >50% of the monitored sub-basins in a single year;  

• a statistically significant decline in treatment vs. control sites continuing over a 
three year period within a single sub-basin or;  

• a statistically significant downward trend in both treatment and control streams 
that continues for three years or more. 

The change in the occurrence of tailed frog populations across the ownership would not 
be suitable to use as a trigger to initiate management review due to the extended time-
lag between successive data points. However, the occurrence of tailed frogs in streams 
across the ownership would serve as corroborative evidence to support the findings of 
the larval population monitoring, and a significant decrease in the occurrence rate would 
initiate a review of the probable cause of the decline. 

C11.3.4 Temporal Scale 

If a significant change occurs in the larval populations of treatment streams relative to 
controls, it will most likely occur during winter high flow events.  This change would then 
be detected during the summer survey season immediately following the winter event.  
Therefore, the yellow light threshold for adaptive management could be initiated in a 
single year.  The red light threshold would require three years to be initiated. 

C11.3.5 Spatial Scale 

The spatial scale over which results from an individual monitoring site should apply, (the 
zone of monitoring influence), will be analyzed on a case-by-case basis.  The inherent 
variability associated with monitoring of a biological indicator necessitates this approach.  
If a yellow or red light condition is detected, results from all sites across the Plan Area 
will be examined carefully to determine if the observed population decline(s) appear to 
be associated with management activity, if they are localized or area wide, and if they 
appear to be correlated with other factors such as underlying geology or annual climate 
variation.  Field inspection of the problem site(s) will also attempt to identify potential 
causes of the decline.  Because populations in both treatment and control streams could 
decline for reasons beyond control that may not be related to habitat (e.g. stochastic 
disease outbreaks), it is essential to examine the results from all monitoring sites to look 
for patterns in the observed decline. The spatial scale of any resulting adaptive 
management changes will depend on the particular results.  Potential management 
changes could occur within a HPA, across the Plan Area, or in all areas with similar 
geology, for example, depending on the nature of the monitoring results. 

C11.3.6 Feedback to Management 

A decline in tailed frog populations could be caused by a number of factors including 
elevated water temperatures, change in the algal community due to an increase in 
insolation or increase in sediment inputs. However, previous research and monitoring of 
tailed frogs indicated that they were most likely to be impacted by increases in sediment 
inputs. Given that water temperature, canopy closure, and substrate composition along 
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with the larval populations will be monitored, Green Diamond believes that the likely 
cause of a future decline will be determined. If for example some future decline is 
attributed to sediment inputs, the source of the sediment can be determined, and if it is 
management related, the appropriate adjustments will be made. 

C11.3.7 Results to Date 

Eight paired sub-basins have already been selected for monitoring tailed frogs including 
one sub-basin (Poverty Creek) that will serve as a control for two treatment sub-basins 
(Jiggs and Pollock Creeks). Five were initiated in 1997, one in 1998, two more in 1999 
and one additional paired sub-basin was selected in 2000 (Table C11-2).  

 

Table C11- 2.  Summary of tailed frog monitoring sites, 1997-2000.1 

 
Tailed Frog Larvae Paired 

Monitoring 
Sub-basin 

 
Site 

 
Type  

1997 
 

1998 
 

1999 
 

2000 
Blackdog Creek BD 5400 C 86 140 183 30 
Blackdog Creek  BD 5300 T 25 76 290 99 
Upper NF Mad Canyon  C 88 103 370 98 
Upper NF Mad Mule  T 79 41 83 78 
Lower NF Mad Jiggs  T 127 136 389 106 
Lower NF Mad Pollock  T 148 272 242 159 
Lower NF Mad Poverty  C  53 90 50 
Panther Creek O5 C/h  107 182 36 
Panther Creek O6 T  122 311 58 
Rowdy Creek R1700 C/h   39 40 
Rowdy Creek R1000 T   153 75 
NF Maple Creek F-8  C/h   121 44 
NF Maple Creek F-line T   65 30 
Surpur Creek West Fork C/h    190 
Surpur Creek South Fork T    27 
Totals   553 1050 2518 1120 
Note 
1  “C” indicates a control site with no timber harvest, C/h represents a control site that will have some limited 
timber harvesting and “T” indicates treatment sites that will have extensive timber harvesting.  

 

C11.3.8 Discussion 

Only one treatment monitoring reach (Jiggs in 1998) has had any significant harvesting 
to date. In spite of this, the results to date indicate that there is considerable annual 
variation within monitoring stream reaches for both control and treatment streams. It also 
appears that the different sites were somewhat in synchrony such that there were 
generally good and bad years for tailed frog reproduction. For example, the mean 
number of tailed frog larvae captured per year from 1997-2000 for the 6 sites that were 
monitored over the entire four years was 92.2, 129.7, 259.5 and 95, respectively. There 
were almost three times as many larvae produced in 1999 compared to both 1997 and 
2000. This may be the result of differential annual reproductive effort by the adult 
population or differences in larval survival among years. Currently, little is known about 

C-248 
October 2006 



  
 

 

GREEN DIAMOND 
AHCP/CCAA  

 
the adult population in terms of its size or life history characteristics so that it is difficult 
speculate as to the cause of these annual fluctuations. In spite of the annual fluctuations 
in the larval populations, the BACI experimental design that was incorporated in this 
monitoring program will still allow for the detection of treatment effects since the analysis 
will be based on a treatment by time interaction. However, these fluctuations will 
increase the variance in the analysis and therefore decrease the statistically power. As a 
result, Green Diamond intends to implement additional studies of the adult population to 
determine if the effects of annual variation can be removed from the analysis through the 
inclusion of one or more additional covariates. Green Diamond currently is 
experimenting with capturing and marking the adult frogs to determine the feasibility of 
estimating the size of the adult population. If this proves successful, it would be possible 
to estimate annual fecundity rates, and subsequently over winter survival rates of the 
larvae. Having several response variables to monitor would greatly increase the chances 
of isolating the life history stage that is most sensitive to management activities. 

C11.3.9 Conclusion 

This study is in its preliminary stages and there has been very little harvesting in any of 
the treatment sub-basins to date. Therefore, it would be premature to attempt to analyze 
the data to determine if there were any effects of timber harvest on larval tailed frog 
populations.  However, the data do suggest that there was substantial annual variation in 
both control and treatment sites, which if not explained through future studies of the 
adult population, may reduce the statistical power of this monitoring approach. 
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