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1 INTRODUCTION 

1.1  Background and Need 

The Pacific lamprey, Entosphenus tridentatus, is an ecologically and culturally important species 

in the Northwest (Close et al. 2002, Petersen-Lewis 2009, Luzier et al. 2011) and it has particular 

significance to the Wiyot Tribe in Northern California. Available evidence suggests that the 

speciesô population and range have declined substantially from historical levels both regionally 

(Moser and Close 2003, Nawa 2003, Moyle et al. 2009, Luzier et al. 2011) and in the Eel River 

basin (Stillwater Sciences 2010, Stillwater Sciences 2014a), which received its English name due 

to the fact that it once contained large numbers of Pacific lampreys (commonly referred to as eels, 

or gouôdaw in the Wiyot language).  

 

In response to declining Pacific lamprey populations and lack of information, the Wiyot Tribe 

and Stillwater Sciences have implemented a program to study and restore the species in the Eel 

River basin. After performing an initial review of information and identifying key data gaps and 

potential threats to the species (Stillwater Sciences 2010), we developed a life-history-based 

conceptual model to use as a framework for identifying factors most likely limiting the species in 

the basin (Stillwater 2014). These documents highlighted the lack of information on life history 

and distribution of the species and pointed toward the need for more systematic collection of 

population dataˈboth to monitor temporal trends in distribution and abundance, and to inform 

our growing understanding of basic biology and limiting factors in the basin.  

 

Accordingly, herein we present a strategy for long-term monitoring of Pacific lamprey in the Eel 

River basin. The primary goal of the Wiyot Tribeôs Pacific lamprey monitoring program is to 

monitor trends in abundance and distribution of the species within the lower Eel River basin in 

support of effective management, conservation, and restoration. Collection of baseline 

information on distribution and life history of the species in the study area and testing and 

refining monitoring methodologies are imperative first steps in designing and implementing a 

monitoring program. Thus, in 2013ï2014 we conducted pilot ammocoete and spawning surveys 

in selected portions of the lower Eel River basin to better understand patterns in distribution and 

spawning and test methods. Additionally, we designed and implemented a systematic and 

repeatable creel survey of lamprey harvest that will be used as an indicator of annual adult run 

size in the Eel River. Results of these pilot surveys are presented in Section 2.  

 

Importantly, pilot surveys were used to inform development of sampling strategies, refinement of 

field protocols, and selection of survey sites for each element of the long-term monitoring 

program. Section 3 presents a systematic multi-life-stage framework for monitoring Pacific 

lamprey, including the following considerations for each monitoring element: spatial scale, 

numbers, and locations of survey sites; sample periodicity and seasonal timing; effort required; 

and monitoring metrics.  

 

The Wiyot Tribe Natural Resources Department (WNRD) conducted fieldwork for this project 

with training and technical assistance provided by Stillwater Sciences. Data analysis and 

reporting for 2014 pilot surveys and development of the long-term monitoring program was led 

by Stillwater Sciences with input and editorial review from WNRD. 
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1.2  Study Area  

The geographic focus of long-term monitoring of Pacific lamprey by the Wiyot Tribe is Wiyot 

ancestral territory and adjacent portions of the lower Eel, Van Duzen, and South Fork Eel 

watersheds that are of interest to the Tribe and close enough to the tribal office to regularly 

monitor. This geographic scope recognizes the logistical and budgetary realities of monitoring a 

species in a large river system. We anticipate that development and implementation of a Pacific 

lamprey monitoring program for lower portions of the Eel basin will encourage other Tribal and 

agency entities to implement similar programs in other parts of the basin, ideally in a manner 

consistent with and coordinated with this program. 

 

The study area for 2013ï2014 pilot ammocoete surveys included the lower Eel River upstream to 

the South Fork Eel River confluence, the Van Duzen River upstream to and including Grizzly 

Creek, and Bull Creek, a major tributary to the lower South Fork Eel River (Figure 1-1). The 

study area for 2014 spawning surveys included the ammocoete study area plus an additional 4 

miles of the mainstem Van Duzen River and approximately 40 miles of the mainstem South Fork 

Eel upstream to the East Branch of the South Fork Eel River. Stillwater Sciences (2014a) 

provides more information on the geographic, climatic, and land-use characteristics of the Eel 

River basin. 
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Figure 1-1.  Pilot survey study area in relation to Wiyot Ancestral Territory and other Eel River 

basin landmarks.  
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2 PILOT MONITORING 

2.1  Ammocoet e Surveys 

Ammocoete surveys conducted during 2013ï2014 pilot monitoring consisted of distribution and 

habitat surveys conducted in wadeable streams and relative abundance surveys at index sites in 

unwadeable streams. The primary objectives of these surveys were: (1) expand understanding of 

Pacific lamprey distribution and basic biology within the study area, (2) test and refine 

methodologies for monitoring distribution and abundance of the ammocoete population, and (3) 

inform selection of index sites that will be revisited periodically as part of long-term monitoring 

of the species in the Eel River study area. Methods and results of these surveys are presented 

below. 

 

2.1.1  Methods 

2.1.1.1  Distribution  surveys 

Distribution surveys were designed to facilitate efficient detection of ammocoete presence, while 

also allowing for collection of data informing relative abundance and habitat availability within 

survey reaches.  

 

Study reaches for distribution surveys were selected from an initial list of 129 streams within the 

study area listed in the Geographic Names Information System (GNIS). Thirty-two of these 

streams were excluded from consideration due to having contributing drainage areas <2 km2 or 

drainage areas <5 km2 and channel gradients predominately >8%. However, two streams with 

drainage area <2 km2, Little Palmer and Finch creeks were kept on the list due to their low 

gradient and proximity to the Table Bluff Reservation. Channel gradient and drainage area for 

stream reaches in the study area were determined from Geographic Information Systems (GIS) 

and high-resolution channel network attributed with these features as described in Stillwater 

Sciences (2014b). The remaining 97 streams constituted the sampling frame for distribution 

surveys in the study area (Appendix A). Streams for conducting pilot distribution surveys were 

prioritized by WNRD based on proximity to the Table Bluff Reservation, stream size (drainage 

area generally >10 km2), channel gradient (lower gradient streams), and general accessibility and 

convenience (e.g., proximity to other survey streams). Additionally, streams or reaches where 

Pacific lampreys were recently definitively detected (Stillwater Sciences 2014a) were not 

surveyed.  

 

Systematic ammocoete distribution surveys were conducted in thirteen streams in the study area 

between December 2013 and September 2014 (Table 2-1, Figure 2-1). Within a stream, standard 

distribution surveys generally began at the confluence with a larger stream and continued 

upstream. In Root Creek, only habitat surveys were conducted because the stream was 

predominately dry and there was no suitable wetted habitat during the survey. Additionally, 

numerous small to moderate sized streams in the study area were visited, but could not be 

surveyed due to the severe drought in the region, which led to lack of water and/or presence of 

high densities of salmonids trapped in small, isolated pools. Opportunistic sampling was 

conducted at a single site on Lawrence Creek near the mouth of Bell Creek to help inform upper 

distribution in the stream. 
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Table 2-1. Streams in the Eel River basin study area where ammocoete distribution and habitat 
surveys were conducted in 2013ð2014. 

Stream Reach ID 1 Tributary to  Sub-basin 

Stream 

drainage 

area (km2) 

Survey date 

Bear Cr 001 Eel River Lower Eel  21.9 12/18/2013 

Price Cr 002 Eel River Lower Eel  34.0 1/15/2014 

Strongs Cr 003 Eel River Lower Eel  43.8 1/21/2014 

Howe Cr 004 Eel River Lower Eel  28.3 1/28/2014 

Rohner Cr 005 Strongs Cr Lower Eel  11.8 2/4/2014 

Atwell Cr 006 Howe Cr Lower Eel  11.1 2/6/2014 

Booths Run 007 Lawrence Cr Van Duzen 15.4 7/15/2014 

Bell Cr 008 Lawrence Cr Van Duzen 11.6 7/15/2014 

Shaw Cr 009 Lawrence Cr Van Duzen 13.6 7/22/2014 

Blanton Cr 010 Yager Cr Van Duzen 8.2 7/22/2014 

Cuneo Cr 011 Bull Cr SF Eel 11.3 7/28/2014 

SF Yager Cr 012 Yager Cr Van Duzen 27.8 7/30/2014 

Root Cr2 013 Van Duzen Van Duzen 16.6 9/11/2014 

Grizzly Cr 014 Van Duzen Van Duzen 49.0 9/11/2014 

Lawrence Cr3 n/a Van Duzen Van Duzen 43.0 7/15/2014 

1 Reach ID is provided here to facilitate locating reaches in Figure 2-1. 
2 Electrofishing was not conducted in Root Cr because the stream was predominately dry and there was no suitable 

wetted habitat. 
3 Sampled opportunistically at the mouth of Bell Creek. Drainage area listed is for this location. 
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Figure 2-1.  Locations of ammocoete distribution and index site surveys conducted in 2013ð
2014. 
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Distribution surveys for each stream reach were carried out by systematically sampling all 

suitable ammocoete habitat (see Table 2-2) in 100-m channel segments (measured along the 

thalweg with a laser range finder or tape), typically starting at a streamôs confluence and 

continuing upstream until one of the following occurred: 

¶ Pacific lampreys were definitively documented after surveying at least one 100-m channel 

segment. 

¶ At least ten 100-m segments (1,000 m) of channel were surveyed and no Pacific lampreys 

were found. 

¶ Approximately 10 non-adjacent and highly suitable (Type I) ammocoete habitat patches, 

each with an area greater than 1 m2 (10.8 ft2), were sampled and no Pacific lampreys were 

foundðand at least three 100-m segments of stream were surveyed. 

¶ Access was limited due to safety concerns or private property.  

 

For each 100-m stream segment, ammocoete and habitat data were collected as described below. 

Ammocoetes were sampled using an ETS AbP-2 backpack electrofisher designed to capture 

lampreys burrowed in stream substrates. All suitable (see Table 2-2) ammocoete habitat patches 

encountered (including those in alcoves, side channels, and other off-channel features) that were 

larger than 1 m2 were sampled. Suitable habitat patches were visually identified and categorized 

as either Type I (preferred) or Type II (acceptable) based on dominant substrate characteristics 

and particle sizes. Table 2-2 was used to assist with objective identification and categorization of 

habitat type. Table 2-2 generally follows descriptions of rearing habitat types outlined by others 

(e.g., Slade et al. 2003, Fodale et al. 2003), but attempts to describe substrate characteristics of 

each type more precisely based on recent descriptions of ammocoete habitat preference (e.g., 

Torgersen and Close 2004, Stone and Barndt 2005, Claire 2004). In stream segments containing 

no or few suitable habitat patches >1 m2, opportunistic electrofishing of smaller patches or 

patches with borderline suitability (e.g., clay or gravel substrates) was carried out to help 

accomplish the primary objective of detecting lamprey presence.  

 
Table 2-2. Characteristics of ammocoete habitat categories used as a guideline for field 

classification of rearing habitat suitability.  

Rearing 

habitat type 

Dominant 

substrate 

Particle size 

range (mm)1 
Notes on classification 

Type I/ 

Preferred 

Silt with or without 

organic matter 
0.004ï0.062 

Finer-grained sediment (clays) not suitable unless 

loosely packed and mixed with substantial 

fraction of organic matter. 

Fine to medium 

grain sand with 

substantial fraction 

of silt or organic 

matter 

0.063ï0.50 

Substrates dominated by coarser-grained sands 

(<2 mm) may be categorized as Type I only if 

they contain a substantial fraction of organic 

matter and silts. 
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Rearing 

habitat type 

Dominant 

substrate 

Particle size 

range (mm)1 
Notes on classification 

Type II/ 

Acceptable 

Medium grain to 

coarse sand with 

zero to very little 

silt or organic 

matter 

0.25ï2.0 

Considered acceptable if mixed with some gravel 

and small cobble substrates if other habitat 

characteristics are also highly suitable. Not 

considered acceptable if hard-packed. 

Fine gravel with a 

substantial fraction 

of fine sand, silt, or 

organic matter 

2.0ï8.0 

Substrates dominated by medium gravel (8ï

16 mm) may be categorized as Type II if they are 

loosely packed and contain substantial fraction of 

finer substrates or organic matter.  

Type III/ 

Not 

Acceptable 

Clay sediments  <0.004 

Clay sediments are generally too compacted for 

burrowing. Coarse-grained clays may be 

acceptable if they are loosely packed and contain 

significant fractions of silt and/or organic matter 

and other habitat characteristics are also suitable. 

Medium to coarse 

gravel  
8ï64 

Generally considered not acceptable. 

Ammocoetes have been documented in gravel 

substrates, but they are considered marginal 

habitat. 

Small cobble and 

larger including 

bedrock  

>64 

Ammocoetes have been documented in cobble 

substrates, but they are considered marginal 

habitat. 

1 Sizes based on the Wentworth scale (Wentworth 1922). 

 

 

Electrofishing was conducted by a field crew consisting of an operator and one or two netters. 

Each suitable habitat patch was systematically sampled with a thorough, single pass, at a rate of 

approximately 90 s per m2 of suitable habitat. Direct current was delivered using the primary 

slow-pulse channel at three pulses/s second to induce ammocoete emergence from substrate. 

When necessary, the secondary fast-pulse electrofishing channel, with a direct current of 30 

pulses/s, was applied to aid in capture of ammocoetes that emerged from the substrate by 

stunning them. A 25% duty cycle and 3:1 burst-pulse train cycle were applied and peak output 

voltage for both channels was typically 125 V. Sampling effort for each habitat patch and 100-m 

stream segment was recorded as seconds of time slow-pulse current was applied, using the built-

in timer on the AbP-2 electrofisher.  

 

Length and average width of each Type I and Type II habitat patch were measured with a stadia 

rod or tape and used to estimate total habitat area (and thus the sample time required). Only 

substrate that was wetted during the date of the survey was measured and sampled. The entire 

area of suitable habitat patches smaller than 10 m2 (108 ft2) were sampled. However, it was 

necessary to sub-sample larger patches to ensure sufficient time remained to survey an adequate 

length of channel for documenting presence of Pacific lamprey. For patches larger than 10 m2 

(108 ft2) and smaller than 30 m2 (323 ft2), a subsample of 10 m2 was conducted. For patches 

larger than 30 m2, 33% of the patch area was subsampled. Prior to beginning subsampling, 

approximate boundaries of a sub-sample area representative of the larger patch were delineated. 

This area was sampled at the same rate of 90s per m2 of habitat.  

 

When encountering a significant side-channel branching off the 100-m survey segment, it was 

sampled following completion of the main channel segment. Side channels were essentially 
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treated as additional survey segments and sampled in their entirety using the same methods as 

main channels. Side channel length was estimated using a laser range finder or tape.  

 

After electrofishing each 100-m survey segment, all captured lampreys were anesthetized, 

measured to the nearest 1 mm, identified to genus (either Entosphenus or Lampetra) where 

possible (typically individuals >60 mm) by examining caudal fin and ventral pigmentation 

(Goodman et al. 2009, Reid 2012), and categorized as one of the following life stages: 

ammocoetes, eyed-ammocoetes (ñtransformersò), macrophthalmia, or adult. After recovering 

from anesthesia, all captured individuals were released within the 100-m segment in which they 

were captured. 

 

In addition to data on captured lampreys, we recorded the following information for each 100-m 

survey segment: 

¶ GPS coordinates at segment start and end points. 

¶ Maximum substrate depth of each habitat patch sampled. 

¶ Number of qualifying large wood (LWD) pieces in the survey segment that were instream 

(touching water or the active channel) and overhanging (perched above the active channel). 

Qualifying LWD was defined as a piece of wood either >15 cm in diameter and 2 m long 

or a root wad with a cut end >30 cm in diameter with no minimum length. 

¶ Whether each habitat patch was associated with (adjacent to and apparently created by) one 

or more pieces of large wood. 

¶ A minimum of two bankfull and wetted width measurements at representative locations 

within the survey segment.  

¶ Qualitative ratings of relative abundance of suitable Pacific lamprey spawning habitat to 

aid in selection of potential spawning survey reaches (Section 2.2). 

¶ Photographs looking upstream and downstream from the start, mid, and end points of the 

segment and of other noteworthy features such as large Type I habitat patches, side 

channels, large wood jams, or significant bank erosion. 

 

2.1.1.2  Index site  relative abundance surveys 

The purpose of the pilot index site surveys was to test sampling protocols for characterizing 

relative abundance of ammocoetes in large patches of high quality habitat within unwadeable 

streams. The ultimate goal of index site surveys is to evaluate trends in relative abundance at 

these sites over time as part of long-term monitoring. The pilot surveys were designed to estimate 

relative abundance of ammocoetes (measured as fish/m2) while also informing how many 

samples are required to detect changes in abundance at each site over time. A secondary aim of 

these pilot surveys was to determine if lamprey density within a site was related to habitat 

variables such as distance from shore, water depth, substrate depth, or presence of aquatic 

vegetation, dead organic matter, or algal mats in the sample quadrat. Understanding these 

relationships contributed to the design of a sampling strategy that more accurately estimates 

density at each site. 

 
Field methods  

In early fall 2014, pilot ammocoete electrofishing surveys were conducted at four index sites in 

the study area, two in the lower Eel River and two in the Van Duzen River (Figure 2-1). We 

selected sites that had easy access and a relatively large (wetted area greater than approximately 

150 m2) and contiguous area of Type I habitat (e.g., Figure 2-2). 
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Figure 2-2.  Example of an ammocoete index site sampl ed during 2014 pilot surveys: Looking 
downstream at  Site ERI2 (Eel River near Stafford).  

 

 

When arriving at each index site, the site was diagrammed to scale on gridded paper using a 

stadia rod and 100-m measuring tape to assist with selection of areas to be sampled by 

electrofishing (e.g., Figure 2-3). These diagrams included: 

¶ The wetted boundary of Type I habitat patch to be sampled, 

¶ The wetted boundary of nearest stream bank, and  

¶ The boundary of suitable substrate that was contiguous with the patch to be sampled but 

dry on the sample date. 

 

If an edge of patch was too deep for effective sampling with the backpack electrofisher (>1 m), 

the maximum depth boundary was drawn and the area of suitable habitat too deep for sampling 

was estimated visually and recorded. 

 

After diagraming the patch boundaries, the patch was evenly divided into lower, middle, and 

upper segments based on length of the patch from downstream to upstream. Next, ten 1 m2 

sample quadrats were selected (as described below) within each of the three segments for a total 

area of 30 m2 to be sampled at each site. Sample quadrats were evenly spaced, separated by at 

least 1 m, in a zig-zag pattern from downstream to upstream and from the bank edge to the 

thalweg edge of the patch to capture variation in depth and distance from bank at the site (Figure 

2-3).  
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Figure 2-3.  Example index site diagram showing selected sample quadrats in the upper 
segment of Site EI1, located in an alcove on the lower Eel River (note : lower and 
middle segments not shown).  

 

 

After selecting locations of sample quadrats, each quadrat was sampled with a single 90s pass 

(based on slow-pulse timer) using an ETS AbP-2 backpack electrofisher with the settings 

described above. Quadrats were sampled in the downstream to upstream direction. A one m3 

netted frame covered with a fine-meshed (0.6 mm) polyester material on the sides was placed on 

each sample quadrat to aid in capture of ammocoetes (Figure 2-4). An attempt was made to 

capture all lampreys that clearly originated from the substrate within the sample quadrat. In cases 

where there were large numbers of young-of-the-year ammocoetes (<25 mm), capture of larger 

individuals was prioritized. The number of ammocoetes seen emerging from the substrate but not 

captured was estimated and tallied. Captured ammocoetes from each quadrat were placed in 

separate 5-gallon buckets for identification and measurement using the methods described above 

for distribution surveys. After recovering from anesthesia, all captured individuals were released 

near the area they were captured in, but well downstream of subsequent sample quadrats to avoid 

re-capture. 

 




































































































