DRAFT


Draft Foothill Yellow-Legged Frog (FYLF) Habitat Suitability Criteria (HSC)
Draft FYLF HSC for egg masses and tadpoles were developed for the Placer County Water Agency (PCWA) hydropower relicensing using a combined data set of site specific data collected on PCWA study streams (AQ 12 Special-Status Amphibian and Aquatic Reptiles technical study plan) and pre-existing data from northern Sierra Nevada rivers (Lind and Yarnell 2007).   HSC were developed for water depth, water velocity, and substrate for egg masses and tadpoles.  Three suitability levels (high, marginal, and not suitable) were developed for each life stage and habitat variable.  These levels were based on the range of water depth, water velocity, and substrate values observed for 90%, 10%, and 0% of egg masses or tadpole groups, respectively (Lind and Yarnell 2007). 

PCWA data collected for larger rivers and streams (PCWA 2008) were combined with the combined river data set from Lind and Yarnell (2007) to generate the HSC.   PCWA data from small streams where habitat availability (e.g., limited depth availability) may have had an effect on habitat selection for oviposition (egg masses) or tadpoles were not included in the data set.

Tables 1 and 2 and Figure 1 show the combined data set habitat suitability criteria for egg masses and tadpoles, respectively.  Highly suitable habitat was assigned a suitability value of 1.0, marginal habitat suitability was assigned a suitability value of 0.1, and non-suitable habitat was assigned a suitability of value of 0.0.   Tables 1 and 2 also include a brief description of the biological justification for the HSC categories.  Figures 2 and 3 show the histograms for the PCWA data and Lind and Yarnell (2007) data for egg masses and tadpoles, respectively.  Color overlays on the figures identify the HSC generated from the All River data (PCWA and Lind and Yarnell 2007 data) (top) and from the PCWA data only (bottom).  Generally, the results are similar, and it is proposed that the All River HSC be used.  Tables 3-5 show the HSC for the All River data compared with each of the individual river data sets (PCWA and rivers in Lind and Yarnell 2007).   Appendix A summarizes some experimental data results regarding velocity effects on tadpoles (Kupferberg et al. 2007).
Table 1.  R.boylii egg mass habitat suitability criteria justification.  Criteria shown are for PCWA and Lind & Yarnell 2007 data combined.  

	Habitat Parameter
	Habitat Suitability
	Parameter Range
	Biological Justification

	Mean-column Water Velocity (cm/s) Suitability
	0
	>25
	Criteria based on habitat utilization, no egg masses were observed at greater than 25 cm/s. Limited experimental data from the Pit River1 during a flow increase indicated that scouring of egg masses occurred in this velocity range.  

	
	0.1
	>11 – 25
	Criteria based on habitat utilization in the field, less than 10% of egg masses were observed between 11 and 25 cm/s. Limited experimental data from the Pit River1 during a flow increase indicated that scouring of some egg masses occurred in this velocity range.  

	
	1.0
	0 – 11 cm/s
	Criteria based on habitat utilization, 90% of egg masses were observed at 11cm/s or less. Limited experimental data from the Pit River1 during a flow increase indicated that minimal scouring of egg masses occurred in this velocity range. 

	Total Depth (cm) Suitability
	0
	<2, >110
	Criteria based on observed habitat utilization data; no experimental data on preferred depths exists.

	
	0.1
	2 - <7,       >53 - 110
	

	
	1.0
	7 – 53
	

	Substrate Suitability2
	0
	7
	Criteria based on observed habitat utilization data; no experimental data on preferred substrates exists.

	
	0.1
	1,2,3,6
	

	
	1.0
	4,5
	


1Spring Rivers Ecological Sciences, LLC. 2002.  Foothill Yellow-legged Frog (Rana boylii) Studies in 2002 for PG&E’s Pit 3, 4 and 5 Hydroelectric Project (FERC No. 233).  Prepared for Pacifica Gas and Electric Company, San Ramon, California. 62pp.
2See Table 5 for substrate codes.

Table 2.  R.boylii tadpole habitat suitability criteria and biological justification.  Criteria shown are for PCWA and Lind & Yarnell 2007 data combined. 
	Habitat Parameter
	Habitat Suitability
	Parameter Range
	Biological
Justification

	Mean-column Water Velocity (cm/s) Suitability
	0
	> 28
	Criteria based on habitat utilization in the field, no individuals were observed at greater than 28cm/s. Experimental data indicate that direct negative effects occur to most if not all individuals.  These range from 65-70% of individuals swept downstream at 30cm/s to 100% of individuals swept downstream at 40-50 cm/s.  

	
	0.1
	>6 -28
	Criteria based on habitat utilization in the field, less than 10% of individuals were observed at greater than 6 cm/s. Experimental data indicate that negative effects occur to a majority of individuals.  These  range from modified behavior (i.e. sheltering in substrate) and increased predation risk and decreased growth and development while sheltering at 5-10cm/s to 50-70% of individuals swept downstream at 25-30cm/s.  

	
	1.0
	0 - 6
	Criteria based on habitat utilization in the field, 90% of individuals were observed at 6 cm/s or less. Experimental data indicate that there are is no observable velocity effects below 3cm/s, and that observed behavior changes (i.e., sheltering in substrate) for some individuals at 5cm/s.  

	Total Depth (cm) Suitability
	0
	<2, >100
	Criteria based on observed habitat utilization data; no experimental data on preferred depths exists.

	
	0.1
	>40 -.100
	

	
	1.0
	2 - 40
	

	Substrate Suitability1
	0
	7
	Criteria based on observed habitat utilization data; no experimental data on preferred substrates exists.

	
	0.1
	1,2
	

	
	1.0
	3,4,5,6
	


1See Table 5 for substrate codes.
Figure 1.  Velocity, depth, and substrate habitat suitability criteria for egg masses and tadpoles.  
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	Figure 2a. Distribution of observed mean-column velocity at egg masses in PCWA large river sites, Lind and Yarnell (2007), and All River data combined.  Suitability criteria color overlays from All Rivers (top) and just PCWA data (bottom).
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	*All Rivers is PCWA data and Lind and Yarnell (2007). Lind and Yarnell (2007) data are from a combined data set from the West Branch Feather River (2006), Butte Creek (2006), the South Fork Feather River (2005) and the Pit River (2002-2004). Note: the scales on the two x-axes are different.

	

	


	Figure 2b. Distribution of observed depth at egg masses in PCWA large river sites, Lind and Yarnell (2007), and All River data combined.  Suitability criteria color overlays from All Rivers (top) and just PCWA data (bottom).
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	*All Rivers is PCWA data and Lind and Yarnell (2007). Lind and Yarnell (2007) data are from a combined data set from the West Branch Feather River (2006), Butte Creek (2006), and the Pit River (2002-2004). Note: the scales on the two x-axes are different.

	

	

	


	Figure 3a. Distribution of observed mean-column velocity at tadpoles in PCWA large river sites, Lind and Yarnell (2007), Eel River, and All River data combined (excluding Eel River).  Suitability criteria color overlays from All Rivers (top) and just PCWA data (bottom).
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	*All Rivers is PCWA data and Lind and Yarnell (2007). Lind and Yarnell (2007) data are from a combined data set from the West Branch Feather River (2006) and Butte Creek (2006).  Eel River data (S. Kupferberg, unpublished) are plotted, but not combined in the other river data sets.

	

	

	


	Figure 3b. Distribution of observed depth at tadpoles in PCWA large river sites, Lind and Yarnell (2007), Eel River, and All River data combined (excluding Eel River).  Suitability criteria color overlays from All Rivers (top) and just PCWA data (bottom).
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	*All Rivers is PCWA data and Lind and Yarnell (2007). Lind and Yarnell (2007) data are from a combined data set from the West Branch Feather River (2006) and Butte Creek (2006).  Eel River data (S. Kupferberg, unpublished) are plotted, but not combined in the other river data sets.

	

	

	


	Table 3. Rana boylii egg mass habitat suitability criteria.  n = valid sample size for depth/velocity/substrate; 0 = not suitable, 0.1 = marginally suitable, 1 = suitable.  See text for detailed description of how criteria were derived.

	

	 
	 
	Total Depth (cm)
	Mid-column Water Velocity (cm/sec) Suitability2
	Substrate Suitability2,3

	 
	 
	Suitability1
	
	

	River
	n
	0
	0.1
	1
	0
	0.1
	1
	0
	0.1
	1

	All Rivers Combined
	330,296,376
	<2, >110
	2-<7, >53-110
	7-53
	>25
	>11-25
	0-11
	7
	1,2,3,6
	4,5

	PCWA Rivers
	110,104,128
	<5, >110
	5-<12, >59-110
	12-59
	>23
	>11-23
	0-11
	1,2,3,7
	6
	4,5

	L&Y 2007 All Rivers Combined
	223,192,248
	<2, >90
	2-5, 48-90
	6-47
	>25
	10-25
	0-9
	3
	1,2,6
	3,4,5

	Butte Creek
	59,59
	<2, >64
	2-4
	5-64
	>7
	6-7
	0-5
	 
	 
	 

	West Branch Feather River
	49,49
	<9, >90
	65-90
	10-64
	>17
	13-17
	0-12
	 
	 
	 

	South Fork Feather
	28,28
	na
	na
	na
	>25
	14-25
	0-13
	 
	 
	 

	Pit River
	114,80
	<6, >49
	6-9, 32-49
	10-31
	>15
	10-15
	0-9
	 
	 
	 

	1 - L&Y 2007 for total depth = Butte Creek, West Branch Feather River, and Pit River.
	
	
	
	
	
	
	

	2 - L&Y 2007 for mid-column water velocity and substrate = South Fork Feather River, Butte Creek, West Branch Feather River, Pit River.
	
	
	
	

	3 - See Table 3 for the substrate codes.
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	Table 4. Rana boylii tadpole habitat suitability criteria. n = valid sample size for depth/velocity/substrate; 0 = not suitable, 0.1 = marginally suitable, 1 = suitable.  See text for detailed description of how criteria were derived.

	

	 
	 
	Total Depth (cm)
	Mid-column Water Velocity (cm/sec) Suitability1
	Substrate Suitability1,2

	
	
	Suitability1
	
	

	River
	N
	0
	0.1
	1
	0
	0.1
	1
	0
	0.1
	1

	All Rivers Combined
	323,315,361
	<2,>100
	>40-100
	2-40
	>28
	>6-28
	0-6
	7
	1,2
	3,4,5,6

	PCWA Rivers
	169,169,206
	<2,>76
	>21-76
	2-21
	> 27
	>3-27
	0-3
	1,2,7
	3,6
	4,5

	L&Y 2007 All Rivers Combined
	154,145,155
	<2,>100
	45-100
	2-44
	>28
	12-28
	0-11
	7
	1,5
	2,3,4,6

	Butte Creek
	114,105
	<2,>100
	45-100
	2-44
	>28
	9-28
	0-8
	 
	 
	 

	West Branch Feather River
	40,40
	<5,>100
	36-100
	5-35
	>24
	11-24
	0-10
	 
	 
	 

	South Fork Eel River
	184,184
	<1,>70
	21-70
	1-20
	>8
	4-8
	0-3
	 
	 
	 

	1-All Rivers = Butte, West Branch Feather (South Fork Eel not included)
	
	
	
	
	
	
	

	2 - See Table 4 for the substrate codes.
	
	
	
	
	
	
	
	
	


	Table 5.  Frequency data for Rana boylii egg mass attachment substrate and tadpole group habitat substrate.  Highlighted cells represent the ranked (highest to lowest) substrate types used to reach a total of 90% of the observations.  Data are from Lind and Yarnell (2007), PCWA, and All Rivers combined.



	

	Substrate
	All Rivers Egg Masses (%)
	All Rivers Tadpole Groups (%)
	PCWA Egg Masses (%)
	PCWA Tadpole Groups (%)
	L&Y 2007 Egg Masses (%)
	L&Y 2007 Tadpole Groups (%)

	
	
	
	
	
	
	

	Category
	Code
	
	
	
	
	
	

	Silt/Clay/Mud
	1
	0.3
	1.1
	0.0
	0.0
	0.4
	2.6

	Sand (<2mm)
	2
	0.5
	4.4
	0.0
	0.0
	0.8
	10.3

	Gravel (2-64mm)
	3
	7.2
	13.3
	0.0
	6.3
	10.9
	22.6

	Cobble (64-128mm)
	4
	66.0
	65.6
	53.1
	84.5
	72.6
	40.6

	Boulder (>128mm)
	5
	24.7
	7.8
	46.1
	8.3
	13.7
	7.1

	Bedrock
	6
	1.3
	7.8
	0.8
	1.0
	1.6
	16.8

	Other
	7
	0
	0
	0
	0
	0
	0

	n =
	376
	361
	128
	206
	248
	155


APPENDIX A
Summary of Experimental Data for Tadpoles from Kupferberg et al. 2007

Velocity effects on R.boylii tadpoles summarized from experiments and discussion in Kupferberg et al 2007. 

	Velocity Range
	Experiment
	Results

	0-2 cm/s
	Artificial channel in circular flume (Arcata lab)
	~60% of tadpoles active with normal behavior (foraging on substrate, swimming, not sheltering in substrate)

	0-2 cm/s
	Instream rearing experiments
	Baseflow or ‘control’ conditions with normal behavior, growth and development observed

	5-8 cm/s (3-10cm/s)
	Artificial channel in circular flume (Arcata lab)
	~45% of tadpoles active with normal behavior; lower emigration from patch (i.e. greater number sheltering in substrate)

	5-10 cm/s
	Instream drift fence experiment
	52% and 80% (in 2 trials) of tadpoles swept downstream or disappear

	8-10 cm/s
	Instream rearing experiments
	Smaller, less developed tadpoles; direct mortality of recently hatched tadpoles (<2 wks old); lower survival rate of older tadpoles (~40% mortality when predators present) 

	10 cm/s
	Brett chamber (UCD lab)
	25% of all tadpoles exhausted; Mean critical velocity (velocity at which tadpoles exhausted) for late stage tadpoles (39-42 Gosner stage)

	10-30 cm/s (mean vel = 16 cm/s)
	Instream flume box
	40% of tadpoles displaced from flume box over 18 hrs

	10-30 cm/s (mean vel = 21 cm/s)
	Instream flume box
	70% of tadpoles displaced from flume box over 18 hrs

	16-22 cm/s
	Artificial channel in circular flume (Arcata lab)
	39% of tadpoles displaced; remainder sheltering in substrate

	25 cm/s
	Brett chamber (UCD lab)
	Mean critical velocity for all tadpoles tested and for mid-stage tadpoles (35-38 Gosner stage)

	30 cm/s
	Brett chamber (UCD lab)
	66% of all tadpoles exhausted; Mean critical velocity for early stage tadpoles (27-30 Gosner stage)

	40-50 cm/s
	Artificial channel in circular flume (Arcata lab)
	100% of tadpoles displaced

	50 cm/s
	Brett chamber (UCD lab)
	100% of all tadpoles exhausted


Summary conclusions regarding velocity effects on R.boylii tadpoles excerpted from Kupferberg et al 2007 chapter 4:

· R. boylii tadpoles across a wide ontogenetic sequence seek refuge in substrate as soon as velocity increases and behavioral responses and performances were consistent among experimental venues.  The sheltering response became apparent at velocities as low as 5 cm/sec.

· In a laboratory flume (Brett chamber), tadpoles could no longer shelter under rocks at a mean critical velocity of 20.9 ± 1.6 cm/s.  

· Critical velocity varied negatively with tadpole size and developmental stage, with velocities as low as 10 cm/s causing 25% of tadpoles to be displaced. The most easily displaced individuals are the largest, especially those closest to metamorphosis.

· For recently hatched tadpoles in the field, there were direct lethal effects of velocities as low as 10 cm/s. 

· In flow refugia, there are lethal effects of predation. For tadpoles < 6 weeks old, mortality risk in rearing enclosures was doubled with a mean increase of approximately 7 cm/sec.  

Literature Cited
Kupferberg, S., Lind, A., Mount, J., and Yarnell, S. 2007. Pulsed flow effects on the Foothill Yellow-Legged Frog (Rana boylii): Integration of empirical, experimental and hydrodynamic modeling approaches. Final Report. California Energy Commission, PIER. Publication number TBD. 
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