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Amphibians in Oregon Forests
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Within the moist, coniferous forests of the U.S. Pacific Northwest, a dense network of headwater streams support high levels of amphibian species endemism and diversity.
We have 52 amphibians associated with streams in the PNW and half are considered imperiled because of changing land uses and climate change. 

PNW- hotspot for amphibians
Indicator species- biphasic, permeable eggs, absorbs O2 and water via skin
Vastly different life histories with considerable diversity in the headwater streams of Oregon




Management over Time
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Regulations for forest biodiversity emerged as the forestry industry developed
Species of concern in these forests included 18 amphibians, many of which are associated with headwater streams. 
new PFA regulations extend buffers to headwaters and non-fish bearing streams
strongly influenced by intensive forestry, wildfire, and climate change. 




Management Approaches
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Currently, there’s a strong emphasis on amphibian conservation in headwater streams given the ecological values of amphibians, headwater streams and riparian networks, and our region has been home to impressive scientific study of management outcomes, including retrospective studies and largescale experimental work, considering geography, stream order, community and population response, streamside buffer treatments, and monitoring over time. 
Examples: 
My recent survey of 27 watersheds in coast range estimating stream-associated amphibian occupancy
The Trask Study- experimental watershed forestry manipulation- amphibians along with lots of other critters
The Density Management and Riparian Buffer Study of Western Oregon (USFS) experimentally manipulating buffer configurations



Pacific Giant Salamanders (Coastal and Cope’s): 
• Bi-phasic
• Neotenic and terrestrial adult phases
• Top predators
• Require perennial streams or pools

Torrent Salamanders (Cascades, Columbia, 
Olympic, Southern): 
• Bi-phasic
• Headwater obligates
• Occupy seasonal streams and hyporheic zones
• Conservation concern

Tailed Frog (Coastal): 
• Bi-phasic
• Riffle microhabitats in headwaters
• Size specific movement across stream orders
• Temperature change intolerant

Management Focus
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Coastal giant salamanders
widespread in the PNW, occurring in high-gradient streams throughout the Cascade and
Coast Ranges from northwestern California to southwestern British Columbia. Similar to Cascade torrent salamanders, they
have multi-year larval and metamorphosed life stages; unlike torrents they are known to exhibit neoteny wherein reproductive
adults retain gills and other larval characteristics. Neotenic adults are often the largest vertebrates in their streams, far exceeding
the body size of other stream amphibians, and can supplant fish as the dominant predator instream. This life history trait, coupled
with their multi-year aquatic life stage, makes permanent water sources vital for persistence. Larvae are important predators in their
streams. Field studies and experiments have shown that larval D. tenebrosus can eat a wide variety and size range of benthic organisms.
Although they are common throughout much of their range, coastal giant salamanders are granted conservation status in Canada,
where they are under consideration for Threatened status by the Canadian Species at Risk Act and a species of special concern in the
province of British Columbia.

Torrents
Cascade torrent salamanders (Fig. 1) occur patchily throughout the western slope of the Cascade Range of Oregon and Washington,
from sea level to approximately 1200 m. This species is most abundant in the uppermost headwaters, characterized by high-gradient
reaches (both permanent and intermittent), waterfalls, and seeps. The species has two distinct life stages, larval and metamorphosed
adults, with metamorphosis taking place 2–4 years after hatching. Their strong association with discontinuous streams will likely
leave them vulnerable to climate change as a result of drought and habitat shrinkage (Olson and Burton, 2019). Cascade torrent
salamanders have also been impacted by timber harvest practices that alter stream temperatures and flow regimes due to changes
in riparian forest structure and coverage, as their occupancy is highly linked to stream temperature. As of 2015, this speciesdalong
with the Columbia torrent salamander and Cascades frogdis under review for listing by the U.S. Endangered Species Act.
Welsh, H. H., & Lind, A. J. (1996). Habitat correlates of the southern torrent salamander, Rhyacotriton variegatus (Caudata: Rhyacotritonidae), in northwestern California. Journal of Herpetology, 30(3), 385–398. https://doi.org/10.2307/1565176
Results from discriminant and regression analyses indicated that this species occurs within a relatively narrow range of physical and microclimatic conditions and is associated with cold, clear headwater to low-order streams with loose, coarse substrates (low sedimentation), in humid forest habitats with large conifers, abundant moss, and >80% canopy closure.
Olson and Burton 2019, Thurman et al. in press. 
Torrent salamanders are regarded as being sensitive to changes in streamflow and temperature and are highly susceptible to desiccation. Their life history, patchy distribution, and habitat make them ideal model organisms for testing novel detection methods.  

Tailed frog:
This family contains the basal species for all anurans and retains many primitive features lost in other frog species. Like the torrent and giant salamanders, coastal tailed frogs (Fig. 3) are associated with high-gradient streams and have larval and adult life stages. The tadpole (larval) stage, which can last from 1 to 4 years, has a characteristic suctorial mouth which it uses to attach to rocks in fast-flowing streams. The adults also contain unique traits adapted for fast-flowing streams. The ‘tail’ in their name refers to the copulatory organ that males use for internal fertilization which minimizes sperm loss in turbulent water; tailed frogs are the only North American frog species with this reproductive strategy. Like torrent salamanders, they are sensitive to increased water temperatures and siltation, both of which are a common consequence of timber harvest and wildfire. 
Wahbe, T. R., & Bunnell, F. L. (2003). Relations among larval tailed frogs, forest harvesting, stream microhabitat, and site parameters in southwestern British Columbia. Can. J. For. Res., 33(Pough 1983), 1256–1266. https://doi.org/10.1139/X03-052
Density, biomass, and mean snout–vent length were greatest in streams flowing through old growth; however, effects associated with forest harvest depended on elevation, stream size, percent cover of sand, boulders, runs, and riffles. Density and biomass were highest in high-elevation streams where silt and algae were absent and where temperature and percent cover of sand were lowest. Larvae appeared to select pool, run, or riffle microhabitats depending on their body size or developmental stage, with larger and more developed larvae occupying faster stream sections.




Dunn’s Salamander

Western Red-backed 
Salamander
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The life histories and habitat selection for these different species makes management needs varied and complex. 
Stream obligates- occupy high gradient streams and seeps, need some permanent water given multi-year larval stages. 

There is niche partitioning in these headwaters, however, with each species occupying their own microhabitats. As such, these species have distinct relationships with habitat variables, with tailed frog tadpoles mostly in the riffles of the stream, suctioned onto bigger cobble and rocks in swiftly flowing, cold waters. The torrents are also in cold water but can bury themselves in finer sediments to reach hyporheic, sub surface flows when water becomes less available. Pacific giants, alternatively, can compete with the larger, downstream predators like cutthroat trout, so they follow the drying, seasonal streams down to their perennial reaches to occupy larger pools, sometimes metamorphosing into neotenic adults who never have to leave the water. 

Adjacent habitats are also part of the picture, and that’s where lots of herpetofauna diversity is located. Species with facultative dependence on headwaters, such as duns and redbacks. These species aren’t dependent on aquatic habitats for early life stages, but are often associated with stream side habitats, seeps, and splash zones. They forage, however, on terrestrial insects. 





 Forest Management
 Climate Change
 Wildfires

 Habitat Extent
 Site Conditions
 Habitat Connectivity
 Diversity

1. Water Availability
2. Water Temperature
3. Stream Substrate
4. Upland Habitat
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while habitat conditions are critical for the maintenance of amphibian populations in these habitats, we must consider the larger picture. 

Site conditions are just one of at least 4 aspects of amphibian habitat needs, which include habitat availability (extent), connectivity between habitats, and diversity in all it’s forms. This is what enhances the resilience of a system to change and the adaptive capacity. Given the additive and potentially synergistic interactions between disturbance regimes like forest management, climate change and wildfire, we need to take this scaled approach to adaptively evaluate conservation efforts. 




Olson & Burton 2019

Habitat Extent

Olson and Burton 2019
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Olson and Burton 2019- modeled hydrology of headwaters in the northern extent of the Oregon coast range - 4.5–11.5% loss in surface flow was projected with climate change by 2055–2085. This graph shows the increase in dry stream length in the headwater basins across the range of the study.
We also know that forest management influences hydrology, and that riparian buffers and upland stand ages have effects on discharge and flow, with large flow events after a harvest or wildfire. 
Surface water flow- 
Consequences of low or restricted surface flow and longer subsurface summer seasons on critical functions like foraging, breeding, and dispersal. It may also force animals downstream, which could extend over-ridgeline dispersal distances, thereby disrupting population connectivity. Forced downstream movements would alter aquatic community composition and could also increase predation risk on amphibians by downstream predators; fish are less prevalent in headwater streams due to waterflow discontinuity and ephemerality but pose a significant predation threat to amphibians downstream.
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Connectivity- within watershed

Figure: USDA Forest Service graphic by K. Ronnenberg
https://research.fs.usda.gov/pnw/projects/riparian-buffers#research
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Buffers

Douglas J. Martin, Andrew J. Kroll, Jenny L. Knoth, An evidence-based review of the effectiveness of riparian buffers to maintain stream temperature and stream-associated amphibian populations in the Pacific Northwest of Canada and the United States, Forest Ecology and Management, Volume 491, 2021, 119190,
ISSN 0378-1127, https://doi.org/10.1016/j.foreco.2021.119190.
The effect size for the mean 7-day maximum temperature metric showed a positive association when comparing no-buffers (clearcut) to treatments with wide buffers (≥30 m). For amphibians, we found mixed evidence for relationships between population responses and buffers maintained along streams after forest harvest. Specifically, we did not find evidence to support the contention that positive population responses are associated consistently with larger buffers. Also, considerable uncertainty exists about which environmental covariates reliably explain variation in amphibian population responses. 



https://research.fs.usda.gov/pnw/projects/riparian-buffers#research


Connectivity- between watersheds
Photo credit: Klamath-Siskiyou Wildlands Center
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Ridgelines

Emel, S.L., Olson, D.H., Knowles, L.L. et al. Comparative landscape genetics of two endemic torrent salamander species, Rhyacotriton kezeri and R. variegatus: implications for forest management and species conservation. Conserv Genet 20, 801–815 (2019). https://doi.org/10.1007/s10592-019-01172-6
Ridgelines are important- land cover and roads were the best predictors of genetic distance




Diversity
Kuglerva et al. 2023
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Diversity is the foundation for conservation



Pacific Giant Salamanders (Coastal and Cope’s): 
Objective: Perennial waterways and pools
Action:     •Side-channels and In-stream structure

•Culvert replacement 
•Road removal

Torrent Salamanders (Cascades, Columbia, 
Olympic, Southern): 
Objective: Cold, consistent baseflows
Action:     •Riparian buffers

•Canopy complexity 
•Road removal 

Tailed Frog (Coastal): 
Objective: Sedimentation control
Action:     •Upslope and riparian vegetation

•Bank stabilization
•Culvert replacement
•Debris flow mitigation 

Amphibian Restoration
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Not an exhaustive list but hits on the species specific objectives for the big three. Also, not mutually exclusive. YOU can do all these things together. One action can impact entire communities.

Direct vs. Indirect. 

With the idea of habitat extent, site condition, connectivity, and diversity at all times. 





Amphibian Restoration

Culvert: Little Eagle Creek Culvert Removal Project
https://clackamasriver.org/little-eagle-creek-culvert-removal/

Riparian habitat: Oregon Conservation Strategy
https://www.oregonconservationstrategy.org/strategy-habitat/riparian-habitats-and-flowing-water/

Large wood: Camp Creek Headwaters Restoration Project

https://clackamasriver.org/little-eagle-creek-culvert-removal/
https://www.oregonconservationstrategy.org/strategy-habitat/riparian-habitats-and-flowing-water/


Project Effectiveness Evaluation
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Effectiveness Evaluation:
Clear objectives that bridge the scales of influence (site, landscape, stressor)
Data driven objectives and assessments
Reference sites or pre-treatment data 
Transparent data and design sharing
Consistent measures of response
Go beyond amphibians: think at community scale




Project Effectiveness Evaluation

Consistent 
Measures 

of 
Response

Amphibian Response Variables:
• Presence/Absence
• Density (life stage dependent)
• Occupancy Probability
• Development and Growth
• Movement/Dispersal

Pre-
Treatment 

Data or 
Reference 

Site

Site/Time Comparison:
• BACI (Before/After, Control/Impact)
• Treatment vs. Reference Conditions
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Zoom in on two metrics:

Amphibian Population Response:
Presence/Absence
Density
Occupancy Probability
Ontogenetic Niche

Pre-treatment Data or Reference Site data
BACI can be useful, or just pre and post
A separate reference site must have similar condiitons




Project Effectiveness Evaluation: Case Study

Objective: Evaluate effectiveness 
of a salamander/fish ladder 

instillation

Photo Credit: Jordan Eaton
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Jordan Eaton thesis project evaluating the effectiveness of an instillation to assist in aquatic vertebrate movement across a water intake structure.
Objective: evaluate Coastal Giant salamanders and Cutthroat Trout use of a stepwise habitat structure bypassing a water intake structure. 
Reference site: similar stream type and reach that did not have a water intake structure
Measures of response: salamander and fish movement across the structure over the course of 6 months. Pit tagged sallys and fish upstream and downstream of the structure. Took monthly measurements of fish and salamander locations to track movement across the structure. 




Project Effectiveness Evaluation: Case Study

Paired site design:
• Same reach 

length
• Similar 

vertebrate 
densities

• Similar stream 
types

Response Variables:
• Monthly 

assessments of 
fish and 
salamander 
densities above 
and below 
structure

• Body size range

Photo Credit: Jordan Eaton
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Jordan Eaton thesis project evaluating the effectiveness of an instillation to assist in aquatic vertebrate movement across a water intake structure.
Objective: evaluate Coastal Giant salamanders and Cutthroat Trout use of a stepwise habitat structure bypassing a water intake structure. 
Reference site: similar stream type and reach that did not have a water intake structure
Measures of response: salamander and fish movement across the structure over the course of 6 months. Pit tagged sallys and fish upstream and downstream of the structure. Took monthly measurements of fish and salamander locations to track movement across the structure. 




Project Effectiveness Evaluation

Project 
Constraints

Context Dependencies 
• Responses should be associated 

with past, as well as current, 
management actions (Kroll 2009)  

Photo credit: Oregon State Archives
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Recognize:
Context specific. (Kroll et al. paper)

Andrew J. Kroll, Sources of uncertainty in stream-associated amphibian ecology and responses to forest management in the Pacific Northwest, USA: A review,
Forest Ecology and Management,, Volume 257, Issue 4, 2009,, Pages 1188-1199, ISSN 0378-1127, https://doi.org/10.1016/j.foreco.2008.12.008.
Regular, long-term monitoring of SAA responses should be conducted and effects associated with past and current management actions segregated, when possible. 



Project Effectiveness Evaluation

Project 
Constraints

Context Dependencies 
• Time scales of response may exceed 

project timelines (Arismendi et al. 
2024)
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Arismendi, I., Gregory, S. v., Bateman, D. S., & Penaluna, B. E. (2024). Shrinking sizes of trout and salamanders are unexplained by climate warming alone. Scientific Reports 2024 14:1, 14(1), 1–15. https://doi.org/10.1038/s41598-024-64145-x

Time frame of the study is contingent on the organisms of interest

20 year data set on populations in coast range for cutthroat and coastal giants. See smaller sizes over time in fish but it’s taking awhile in the giants. Are they resilient? Maybe, but they also live a lot longer than the cuttys. Mark recapture for giants has individuals in these streams living 25 years, while the cuttys are 4-5 years. This means that a 20 year dataset is nothing! We can barely say anything about site condition on these animals. 



Project Effectiveness Evaluation

Project 
Constraints

Context Dependencies 
• Datagaps exist, thus there will be 

uncertainty in responses.

Photo credit: USA Today; https://www.usatoday.com/story/news/nation/2024/06/26/oregon-wildfires-map-darlene-3-fire/74223655007/

Presenter Notes
Presentation Notes
Recognize:
Datagaps exist- there will be uncertainty

Wildfires 

Hossack and Honeycutt 2017- Rocky Mountain tailed frog abundance in burned streams had nearly recovered to pre-fire conditions within two generations. For other PNW species, most of which occur in less fire-adapted regions, several wildfire impacts could emerge. Loss of
upland forest from wildfire may change local microclimates and elevate in-stream temperature, alter flow regimes, and increase headwater
debris flows

Wildfires may also increase in-stream sediment loads. (Ashley Coble NCASI)

https://www.usatoday.com/story/news/nation/2024/06/26/oregon-wildfires-map-darlene-3-fire/74223655007/


Questions
Christopher Cousins
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