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ABSTRACT: We illustrate how the variability in data collected within and 
among habitat sampling protocols can profoundly affect the interpretation of 
habitat quality and quantity, along with the development of habitat-to-fish 
population metrics. We input data collected from two standardized survey 
techniques, as well as data collected using one standardized technique with 
multiple crews, into empirically-based relationships and found the variability 
in estimates of habitat data resulted in 1-50% differences in predictions 
of Chinook salmon (Oncorhynchus tshawytscha) egg-to-fry survival rates. 
Estimates of percent pool habitat collected via different protocols resulted 
in up to a 3.5-fold difference in juvenile trout abundance. We also found 
substantial differences in the geomorphic relationships between large woody 
debris (LWD) and the frequency of pools when using data collected by 
different protocols. We illustrate how the precision of estimates of LWD and 
pool frequency can substantially affect data-crosswalk opportunities between 
habitat data collected via different protocols. The effects of the variability in 
habitat assessments illustrated here highlights the importance of standardized, 
well-documented protocols, adequate training of field crews collecting habitat 
data, and the need to evaluate potential bias and error. 

FEATURE: 
FISHERIES MANAGEMENT

Different Approaches to Habitat Surveys Can 
Impact Fisheries Management 
and Conservation Decisions

Introduction
Within lotic systems, physical habitat 

acts as a template for biological processes 
and can govern how species are distributed 
within watersheds (Southwood 1977; 
Minshall et al. 1983). The degradation 
and loss of fish habitat has been identified 
as a key factor in the decline in the 
distribution and abundance of resident 
and anadromous salmonids in the Pacific 
Northwest (Nehlsen et al. 1991; Thurow 
et al. 1997). The resulting management 
and conservation implications have led 
to a substantial amount of research aimed 
at identifying the relationships between 
specific stream habitat attributes (e.g., pool 
habitat and large woody debris) and fish 
abundance measures (Rosenfeld et al. 2000; 
Sharma and Hilborn 2001), presence/
absence (Rich et al. 2003; Al-Chokhachy 
and Budy 2007), and survival (May and Lee 
2004; McHugh et al. 2004). Ultimately, 
the development of robust predictive 
relationships can allow for cost-effective 
management and conservation of stream 
ecosystems through large-scale stream 
habitat assessments, which can be collected 

El Tipo de Enfoque utilizado 
para estudiar el Hábitat puede 
Repercutir en Decisiones de 
Manejo y Conservación
RESUMEN: en el presente trabajo se ilustra cómo la variabilidad en la toma 
de datos con diferentes protocolos de muestreo, aplicados dentro y entre 
distintos hábitats, puede afectar sustancialmente la interpretación de la calidad 
y cantidad del hábitat y el desarrollo de medidas que sirven para relacionan 
las distintas poblaciones de peces con su hábitat particular. Se utilizaron datos 
obtenidos mediante dos técnicas estandarizadas de muestreo así como también 
datos provenientes de una técnica que involucra la participación de distintas 
tripulaciones en una embarcación. Se encontró que la variación en la toma de 
datos relativos al hábitat produjo diferencias de entre 1% y 50% en la predicción 
de las tasas de supervivencia de huevos del salmón Chinook (Oncorhynchus 
tshawytscha). Así mismo, los estimados del porcentaje de hábitat muestreado 
mediante distintos protocolos resultó en diferencias de hasta 3.5 veces en la 
abundancia de juveniles de trucha. También se encontraron diferencias notables 
en las relaciones geomórficas entre los escombros grandes de madera (EGM) y 
la frecuencia de las parcelas de hábitat al usar datos colectados con diferentes 
protocolos de muestreo. Los efectos que aquí se ilustran sobre la variabilidad en 
las evaluaciones del hábitat, indican la importancia de protocolos de muestreo 
estandarizados y bien documentados, el entrenamiento adecuado de tripulaciones 
en el campo y la necesidad de evaluar potenciales sesgos y errores. 

Using different methods and observers to conduct 
habitat surveys can directly affect assessments of 
habitat quality, indicating the need for standardized, 
well-documented habitat methodologies. 

Surveying large woody 
debris in Northern Idaho. 
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at a fraction of the cost of fish abundance 
measures (Wang et al. 2006).

Fish-habitat relationships are often used 
to predict fish abundance based on the 
quantity of habitat available (e.g., Spina 
et al. 2005). Identifying the relationship 
between a continuum of stream habitat 
qualities and fish, however, requires accurate 
assessments of both the specific habitat 
attribute(s) of interest and the appropriate 
metric of a fish population (Rosenfeld 
2003). Recently, several studies have 
illustrated the potential bias in different 
fish sampling methods (Rosenberger and 
Dunham 2005; Thurow et al. 2006) as well 
as differences among observers (Dunham 
et al. 2001). These biases or differences 
among observers in the estimation of 
fish abundance can then lead to biases in 
any fish-habitat relationships based on 
these data (Peterson et al. 2004; Thurow 
et al. 2006). Logically, the precision and 
accuracy of stream habitat measurements 
can also affect our assessments of fish-
habitat relationships. Stream habitat 
measurements can vary considerably across 
individuals (Roper et al. 2002; Olsen et al. 
2005) and seasons (Archer et al. 2004). 
Additionally, there can be substantial differences in how the same 
habitat characteristics are measured across different monitoring 
programs/agencies (Whitacre et al. 2007). For example, in a 

Measuring stream depths along a cross section in Northwestern Montana. 

Pool habitat in Eastern Oregon. 

comparison of protocols used by different monitoring programs, 
Whitacre et al. (2007) found over a two-fold difference among 
programs in the mean estimates of percent of pools in a specific 

reach. These differences suggest the use 
of instream habitat data collected with 
different protocols can have significant 
impacts on our interpretation of habitat 
quality, the relationships between different 
habitat attributes, and the results from 
predictive fish-habitat relationships. 
Overall, variability in habitat data in 
combination with bias across fish-sampling 
methodologies suggests identifying accurate 
fish-habitat relationships may be more 
problematic than previously suggested (e.g., 
Thurow et al. 2006). 

Despite our increasing understanding 
of the variability in habitat assessments 
(Kaufmann et al. 1999), there has been 
little effort to quantify how this variability 
in the collection of stream habitat attributes 
affects our understanding of fish-habitat 
relationships and/or assessments of land-
management actions. Our objectives are to 
use field data collected by different crews 
and protocols from the same stream reaches 
to illustrate: (1) how integrating assessments 
of habitat quality collected with different 
habitat protocols into predictive models can 
yield substantially different results; (2) how 
the variability among different crews using 
the same protocol can result in different 
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assessments of habitat quality as it relates 
to biological processes of interest (e.g., 
survival); and (3) how repeatability of 
measurements of physical habitat can 
affect our understanding of the strength 
of relationships of interest. The purpose 
of this article is to highlight how the 
variability in habitat assessments 
across methods and observers, like 
approaches for estimating the size of 
fish populations (e.g., count data vs. 
abundance estimates; Williams et al. 
2002), can have considerable effects 
on our overall understanding of stream 
systems. 

Methods
Study sites and sampling design

For all analyses within this article we used data collected 
with protocols from two large-scale monitoring programs, the 
Environmental Protection Agency’s Environmental Monitoring 
and Assessment Program (EPA EMAP; Stoddard et al. 2005) and 
the U.S. Forest Service (USFS) PACFISH/INFISH Biological 
Opinion effectiveness monitoring program (PIBO; Kershner et 
al. 2004). The PIBO protocol was followed by PIBO seasonal 
crews, while individuals from Oregon State University, Oregon 
Department of Environmental Quality, and Washington State 
Department of Ecology collected the data using the EMAP 
protocol. 

All data were gathered as part of a larger assessment of the 
variability within and across protocols used by monitoring 
programs to evaluate stream-habitat conditions (i.e., Roper et 
al. 2008). Data were collected in 2005 using both monitoring 
protocols in the same stream reaches in 12 different streams in 
the John Day Basin in eastern Oregon. Streams varied in size 
(median bankfull width = 5.6 m; range = 2.5-15.7 m) and gradient 
(median = 2.58%; range = 1.17-9.05%; Table 1). Stream reaches 
were selected to insure broad representation of three stream types 
defined by Montgomery and Buffington (1997): step-pool (SP), 
plane-bed (PB), and pool-riffle (PR) within the John Day Basin. 
Four reaches of each stream type, with each set representing a 
range of channel complexity (simple, free-formed channels vs. 
complex wood-forced; Buffington and Montgomery 1999), were 
selected for sampling. 

Three crews used the EMAP field methods (Peck et al. 2006) to 
evaluate all 12 stream reaches and summarized field measurement 
as prescribed by Kaufmann et al. (1999). Six crews used the PIBO 
monitoring protocol (Heitke et al. 2007), where three crews 
evaluated one set of six stream reaches while the second set of 
three crews evaluated the remaining six stream reaches. 

Habitat attributes
For our analyses here, we used estimates of percent surface 

fine sediment that were collected from two crews using the 
PIBO protocol, and estimates of percent pools, pool frequency, 
and LWD frequency that were collected from all crews and 
both EMAP and PIBO protocols. We specifically selected these 

attributes because they are frequently 
used in fish-habitat models where the 
individual habitat attributes are used as 
independent variables to predict various 
fish abundance and early life-history 
survival (references herein).

Effects of using habitat 
data collected with different 
protocols

We used estimates of percent pools 
from data collected with the PIBO and 
EMAP protocols in an empirically-

derived fish-habitat model to quantify 
the effects of using data collected via 

different protocols on fisheries management and conservation. 
For data collected with each protocol, we calculated percent pool 
habitat for a reach as the sum of the lengths of all pools within a 
reach divided by the total reach length. Using the PIBO protocol, 
areas bounded by pool head and tail crest where the maximum 
depth of the pool was at least 1.5 times the pool tail depth and as 
long as the channel was wide were classified as pools (Kershner 
et al. 2004). Under the EMAP protocol, pools were visually 
classified at each step of measuring the longitudinal profile and 
were defined as deeper channel habitats with slow velocities and 
smooth glassy surfaces (Kaufmann et al. 1999). 

To illustrate how the variability in estimates of percent pool 
(by crew and monitoring protocol) affects assessments of fish 
abundance, we used crew-specific field estimates of percent pool 
collected from both the EMAP and PIBO protocols to calculate 
the following relationship between percent pool habitat and 
juvenile coastal cutthroat trout (Oncorhynchus clarkii; > 110 mm) 
derived from Rosenfeld et al. (2000):

 

Table 1. The elevation, gradient, average bankfull width, and average 
estimates of percent pool habitat (SD) for three crews using PIBO protocol 
and the EMAP protocol for 12 streams in the John Day Basin, Oregon.

 

Stream name Elevation (m) Gradient
(%)

Bankfull 
width (m)

Bridge  655 1.17 4.5

Camas  847 1.26 15.7

Potamus 1295 2.45 8.9

Tinker 1411 2.72 2.5

Big 1850 1.33 3.7

Crane 1630 1.25 4.2

Trail 1581 1.78 6.8

WF Lick 1298 3.34 3.9

Crawfish 1816 5.4 6.5

Indian 1813 5.8 4.3

Myrtle 1444 9.05 3.2

Whisky 1213 6.72 3.0

 
†Standard deviation was not possible as only one crew visited this stream.

Measuring bank angles at transects in Central Idaho. 
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Ncut = 0.020 + 0.002 (percent pool)
Equation 1

where Ncut is the number of trout per m2 and percent pool is 
the crew-specific estimate of percent pool habitat in a given 
reach. We selected this particular equation as it was based on 
physical habitat data collected using a combination of visual 
(i.e., identifying channel units) and measurement (i.e., residual 
depth criteria) inputs (Johnston and Slaney 1996), which is 
generally similar to the channel-unit classification in the PIBO 
protocol, but different from the EMAP protocol where percent 
pool is largely estimated via visual assessments. 

Effects of variability within and among 
crews

Percent surface fine sediment (< 6 mm) and 
fish survival

Numerous studies have evaluated the relationship between 
fine sediment and survival rates of salmonids. While fines are 
consistently found to reduce survival in laboratory studies, the 
relationship is not consistently demonstrated in field studies 
(Chapman 1988). One reason this relationship may be difficult 
to detect in field situation is the variation associated with 
sampling fine sediment. To illustrate how among-crew variability 
in assessments of surface fine sediment can extend to estimates 
of biological process, we input estimates from each crew into 
the following deterministic fine sediment survival rate function 
for egg-to-fry emergence of Chinook salmon (O. tshawytscha; 
McHugh et al. 2004):

SFines = [92.65/(1 + e-3.994+0.1067*Fines)]/100
Equation 2

where SFines is egg-to-fry survival given the level of fines and 
Fines is the percent surface fines in areas suitable for spawning 
calculated at the reach scale. We acknowledge that our selection 
of the specific relationship here was arbitrary, but we use it as 
a means to illustrate how the variability in estimates of fine 
sediment across crews can propagate to biological assessments 
that rely on this data. 

Inputs of fines were taken from surface fine data collected by 
PIBO crews using grid samples placed in pool tails (Kershner et 
al. 2004). At each of the first 10 pool tails within a reach, three 
0.35 x 0.35 m grids were randomly tossed in an area extending 
from the pool-tail crest upstream to a distance equal to 10% 
of the pool length. Within each grid placement, the b-axis of 
each substrate particle that coincided with the intersection was 
measured. The percent fines for a given grid was calculated as the 
number of intersections containing particles < 6 mm divided by 
the total number of particles measured (49 intersections; Bunte 
and Abt 2001). Because the number of pools varied across 
reaches, the number of grids per reach ranged from 9-30 (median 
= 30). We computed reach-level estimates of surface fines by 
calculating the average and standard deviations in the percent-
fine values across all grids. The results of these comparisons 
indicated substantial differences among crews in some streams 
and minimal differences in others (Figure 1; Table A1). We 
selected Potamus Creek (low variability) and West Fork Lick 

Creek (high variability) to demonstrate how the consistency 
among and within observers (the same two observers did both 
creeks) might affect our understanding of the relationship 
between surface fine sediment and fish characteristics. 

To determine the possible values of surface fines for a given 
observer within a given stream reach, we used a Monte Carlo 
approach to generate outcomes of 1,000 reach surveys given 
the mean and distribution found by two observers in the two 
streams. For the purpose of these analyses, we assumed the 
mean estimated from the field data was the true mean and that 
observed variation was normally distributed and estimated by 
the variance of the grid samples within the reach. We used these 
simulated values to calculate the egg-to-fry survival rates (based 
on equation 1) within and between crews for both Potamus 
Creek and WF Lick Creek. 

Repeatability and its effect on the strength of 
relationships of interest

We compared linear relationships of LWD frequency 
and pool frequency across streams, protocols, and crews to 
illustrate the effects of repeatability on our understanding of the 
relationships between instream habitat attributes. We evaluated 
this relationship as an example because one of the primary 
justifications of the use of large wood in stream restoration 
projects is that its addition increases that amount of pool habitat 
available.

We calculated pool frequency for data collected using both 
monitoring protocols as the total number of pools in a reach 
divided by the reach length (pools/100 m). The number of 
pools was determined as described in the previous section for 
PIBO, but for EMAP was calculated from the longitudinal 
profile, which objectively categorized habitat units as pools 
when residual depth exceeded 5 cm (as apposed to the visual 
approach used in the preceding sections; Kaufmann et al. 1999). 
Wood frequency was calculated as the total number of pieces 
of wood counted by crews using the PIBO protocol (> 0.1 m 
in diameter, > 1 m in length; within bankfull width) and by 
crews using the EMAP protocol (> 0.1 m in diameter, > 1.5 m 
in length; within bankfull channel) standardized to 100 m reach 
lengths (wood/100 m). With this data, first we evaluated the 
consistency in relationships between LWD frequency (pieces 
per 100 m) and pool frequency (pools per 100 m) using average 
crew estimates from each of the 12 total streams using each 
monitoring protocol. For this comparison, we log transformed 
(ln) LWD frequency and evaluated differences in the slope and 
intercept of the global relationships collected by crews using the 
two monitoring protocols using simple linear regression (PROC 
REG, SAS 9.1, 2004). 

We incorporated the estimates of LWD frequency and pool 
frequency collected by different crews but at the same reaches 
to illustrate how the variability of data across different protocols 
and observers can impede our evaluations of relationships that 
incorporate assessments of physical habitat. For data collected 
under each monitoring protocol, we estimated the maximum 
possible variability in pool frequency explained by LWD 
frequency, given the variability in estimates of both variables, 
using the following equation from Kaufmann et al. (1999):
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Equation 3

where S is the signal (i.e., variability across streams), N is the 
noise (i.e., variance of repeated visits to the same reach), and 
rmax is the maximum possible correlation given an assumption 
that d (pool frequency) and i (ln LWD frequency) are perfectly 
correlated. We used PROC MIXED (SAS 9.1, 2004) where we 
log-transformed (natural log) LWD frequency and used “stream” 
as a random class variable to estimate the signal and noise for 
each parameter.

Results

Effects of using habitat data collected 
with different protocols

Across the 12 streams, estimates of percent pool differed 
substantially between the two monitoring protocols (PIBO and 

EMAP; Table A1). The overall mean for PIBO was 29.4% while 
EMAP was 10.3%. As a result, average estimates of cutthroat 
trout density would be nearly three times higher using the 
protocols applied by PIBO vs. EMAP. Mean estimates of percent 
pool by stream reach by PIBO crews and EMAP (Table A1) crews 
were linearly related (R2 = 0.66, P = 0.0037), and the slope of the 
relationships did not differ from one (Slope = 1.18, SE = 0.28). 
However, the fact that crews using the PIBO protocol estimated 
17.3% pool habitat in a reach where crews using the EMAP 
protocol estimated zero pools illustrates considerable bias in data 
collected across these different protocols. 

Table 2. Linear relationships (slope) between estimates of large 
woody debris (LWD) frequency and pool frequency across three 
crews for the same reaches in 12 streams in the John Day Basin, 
Oregon.

 

Crew Slope (SE) t value P 

1 0.31 (0.13) 2.42 0.02

2 0.12 (0.05) 2.45 0.02

3 0.09 (0.08) 1.09 0.28

Figure 1. Estimates of percent fines (< 6mm; 95% CIs) from pool tail grids from six different crews using the PIBO protocol across the same 
reaches in 12 streams (three crews for 6 streams; bar colors refer to specific crews) in the John Day Basin, Oregon.
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In addition to differences in the overall means between 
streams, there were also differences among and within streams. 
For example in Big Creek, we found a relatively small difference in 
average estimates of cutthroat trout between the two monitoring 
programs, with the estimate from the EMAP data 28% lower than 
that predicted from the PIBO data. The differences between the 
lowest and highest estimates of cutthroat trout abundance between 
crews within each of the monitoring protocols, however, exceeded 
two-fold (Figure 3a), with no consistent bias in estimates from 
data collected using the different protocols. Across all evaluations 
in Big Creek, the highest predicted number of cutthroat trout 
(0.178 fish/m2, PIBO) differed from the lowest estimate (0.0499 
fish/m2, EMAP) by nearly 3.5 times.

Unlike Big Creek, we found relatively low variability among 
estimates of cutthroat trout abundance from data collected using 
the same protocol in WF Lick Creek. We also found a general 
consistent bias of higher estimates of percent pools for data 
collected using the PIBO protocol than the EMAP protocol 
(Figure 3b), as average estimates of trout from PIBO crews (0.106 
fish/m2, range = 0.100 – 0.116 fish/m2) were nearly three times 
higher than average estimates from EMAP crews (0.038 fish/m2, 
range = 0.026 – 0.054 fish/m2). The results from these two creeks 
highlight the potential inconsistencies in the bias across data 
collected using different protocols, and highlight the difficulties 
of data crosswalking. 

Effects of variability within and 
among crews

Percent surface fine sediment (< 6 mm).

We found considerable differences in mean estimates of 
fine sediment across crews using the PIBO field methods at the 
same stream reaches in each of the 12 streams (Figure 1). While 
crews may not have reported exactly the same level of fines, they 
generally agreed on trends in fines across streams, with lower fines 
found in Camas Creek, Potamus Creek, and Trail Creek; higher 
fines in Big Creek and Crane Creek; while the remaining creeks 
had intermediate levels of fines. 

Variation in fines both among and within crews had a large 
effect when these fines data were incorporated into a model 
estimating survival. Within the creeks we use here as examples, 
Potamus Creek and WF Lick Creek, there was consistency in 
which crew illustrated the highest variability, but the effect of 
this variation on estimates of survival differed among streams 
(Figure 2). For Potamus Creek, we found little difference in the 
modeled median egg-to-fry survival rates between Crew 1 (0.885) 
and Crew 2 (0.894). In contrast, the same two crews were far 
less consistent in WF Lick Creek, where median survival rates 
were 0.876 for Crew 1 and 0.519 for Crew 2. The variation in the 
precision and point estimates across crews illustrates the potential 
for significantly different interpretations of status of fine sediment 
in streams and the level of confidence (i.e., precision) in these 
assessments of status across crews. 

Repeatability and its effect on the strength of 
relationships of interest

As expected, we found that increasing pool frequency was 
related to increasing LWD frequency for data collected with 
methods of both monitoring programs (Figure 4a and 4b). 
When averaged across observers within a stream, the amount 
of variability in pool frequency explained by LWD frequency 
was similar across datasets collected by the different protocols, 
but the slope was less for PIBO data (slope = 1.21, P = 0.03, R2 
= 0.39) than EMAP data (slope = 2.37, P = 0.05, R2 = 0.38), 
illustrating that although the general patterns were consistent, 
the use of different protocols resulted in different estimates of the 
relationship (slope and intercept) between the frequency of pools 
and the frequency of LWD. 

Despite these moderate R2 values, however, there is uncertainty 
in the estimates of both pool frequency and LWD frequency (Figure 
4c and 4d). When considering this uncertainty, the maximum 
R2 value based on a single evaluation of the stream, even if we 
assumed a perfect correlation between pool frequency and LWD 
frequency, would be 0.61 and 0.65 for the data collected with 
PIBO and EMAP protocols, respectively. Thus, the variability in 
the estimates across crews reduces the actual variability of pool 
frequency that is explained by LWD frequency by an average of 
37% across the two protocols.

Discussion
The quality and quantity of instream habitat have significant 

effects on the distribution and abundance of instream fishes. Robust 
assessments of fish-habitat relationships are critical for effectively 
managing fish populations and for designating “critical habitat” 
for species listed under the Endangered Species Act (ESA). The 
lack of consistency both among and within monitoring programs 
has been recently well documented (Archer et al. 2004; Olsen et 
al. 2005; Whitacre et al 2007). As yet, however, there have been 
few efforts to quantify how the lack of consistency and precision 
of data describing stream habitat can greatly affect fisheries 
management decisions. Here, we illustrated how differences 
among protocols and variability in assessments of instream 
habitat affects assessments of habitat quality (i.e., percent fine 
sediment) and fish populations, as well as our understanding of 
the relationship between stream characteristics that is often used 
as justification for restoration efforts. Although the impacts of 
variable stream habitat data collection have not been previously 
demonstrated, our results are similar to recent efforts in fish 
sampling methodologies (Thurow et al. 2006), and highlight the 
importance of efforts to reduce and/or explicitly incorporate the 
uncertainty in stream habitat data into fisheries management 
decisions. Below, we provide further examples of how variability 
by crews using similar methods and different methods can 
impact critical decisions in fisheries research and management, 
discuss the impacts of sample size in habitat assessments and data 
crosswalking, and provide a framework for how uncertainty can 
be incorporated in decisions related to instream habitat quality.
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Implications of physical habitat 
data collected through different 
protocols and crews

State and federal agencies often use specific stream habitat 
criteria to evaluate the status of stream ecosystems (Bauer and 
Ralph 2001) and guide recovery actions (e.g., Scheuerell et al. 
2006). Our assessments here illustrate how the determination 
of status can be affected by the accuracy and precision of the 
stream habitat data collected by individual crews. For example, 
the Interior Columbia Basin Ecosystem Management Project 
(ICBEMP 1997) recommended specific levels of surface fine 
sediment (< 6 mm) for streams in the Upper Columbia River 
Basin. For streams draining volcanic lithology, such as Myrtle 
Creek in this study, the recommended surface fine sediment 
level is 27%, a value similar to the estimates from two crews 
(25.4 and 25.7%) but different than a third crew (43.6%). This 
third crew would suggest a different 
classification of stream quality and 
potentially different management 
actions than if measured by the 
other crews. Furthermore, although 
the other two crews were below the 
threshold criteria based on their initial 
visit, it is not clear that a subsequent 
visit would have the same outcome; 
this potential unpredictability is 
illustrated in Figure 1 where no crew 
consistently estimated the highest or 
lowest values of fine sediment across 
streams.

The bias associated with using 
different protocols to evaluate the 
status of stream habitat can also 
have large effects on analytical 
approaches that link fish populations 
and habitat status as a means to guide 
recovery and management efforts. 
These effects may be problematic in 
decision support models (DSMs; e.g., 
Ecosystem Diagnosis and Treatment 
Model, Mobrand Biometrics 
2004), which integrate habitat and 
biological processes to estimate fish 
production, but are not specific in 
indicating which protocols were 
used to develop the models or in 
identifying the particular protocol 
used to collect the data entered 
into the models. Considering the 
differences in estimates of physical 
attributes illustrated by rigorous 
protocol comparisons (Whitacre et 
al. 2007), or the nearly three-fold 
difference in estimates of percent 
pool across protocols shown here, 
suggests outcomes of DSMs may 

be largely affected by the protocol with which the data was 
collected. 

In addition to predictive modeling, explicit understanding 
of methodologies used to collect habitat data is rarely 
accounted for when establishing particular habitat criteria. 
For example, Forest Plans written by the USFS (e.g., Idaho 
Panhandle National Forest) often include specific sediment 
criteria which, if exceeded, must be addressed by additional 
analyses or corrective restoration activities. These criteria, 
which were recently included in a lawsuit against the USFS 
(US Court of Appeals, Ninth Circuit 2005), however, do not 
indicate which methodologies or assessments of precision of 
these methodologies should be used to evaluate fine sediment; 
this ambiguity eventually played a role in the decision of this 
case. 

Clearly we have only provided few of many examples of 
how the variability in habitat assessments due to sampling 
variability and/or bias associated with the use of different 
protocols can affect management decisions in fisheries. As 
such, we urge managers to consider using well-established 

and tested sampling protocols and 
explicitly consider how imprecision 
due to sampling variability can 
impact the ability to make sound 
decisions related to instream habitat 
(see below). 

Reliance on data 
crosswalks

Assessments of physical habitat 
across large spatial scales often rely on 
data collected via different observers 
and protocols. As illustrated here, the 
ramifications of inherent differences 
in estimates of key habitat attributes 
can be substantial. One means to 
account for the inherent differences 
between data collected under 
different protocols is the use of data 
crosswalks (Katz et al. 2007). An 
important facet of this approach, 
however, should be consideration 
of the uncertainty in the data 
collection (i.e., repeatability), as it 
can have profound effects on our 
understanding of the correlations 
between data (Stoddard et al. 2008). 
For example, despite the warnings 
of Kaufmann et al. (1999), which 
are reconfirmed here, about the 
risks of using visual estimation for 
percent pool, the EMAP protocol 
continues to estimate percent pool 
by visual methods as a means to 
cross-walk with relevant historic 
and current studies (Peck et al. 
2006). An estimate of correlation 
based on multiple observations in 

Figure 2. Egg-to-fry survival rates from estimates of 
percent fines (horizontal bar is the median value, box 
represents the 25th and 75th percentiles, whiskers 
represent the 10th and 90th percentiles, and solid circles 
are 5th and 95th percentiles) from Potamus Creek (a) 
and WF Lick Creek (b), Oregon for two PIBO crews.
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Figure 3. Different predictions of juvenile trout from field estimates of percent pools from three crews using the PIBO protocol and three 
crews using the EMAP protocol (protocols use different methods to assess percent pools; see methods) in for the same reach in Big Creek 
(a) and WF Lick Creek (b) in the John Day Basin, Oregon. Prediction of juvenile trout derived from relationship taken from Rosenfeld et al. 
(2000).
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the same stream reach between percent pool estimated with 
EMAP and PIBO protocols for streams considered here would 
result in a correlation of 0.84. However, including estimates of 
signal:noise (see Equation 3 and assumptions) would suggest 
the maximum correlation between the estimates of percent 
pool habitat across these protocols, when repeatability is 
considered, is 22% less (0.66). Another approach to account 
for differences in data collected via different protocols, which 
is currently implemented in a number of recovery efforts and 
decision support systems, calls for the use of different habitat 
evaluation criteria for data collected under different protocols 
(NMFS 2007). However, each of these approaches may become 
unwieldy as the number of protocols included in analyses 
increases, illustrating the need for required implementation of 
well-documented protocols. 

The effects of variability in 
habitat measurements and 
sample size 

The sample sizes associated with large-scale habitat 
monitoring projects such as EMAP and PIBO generally result 
in consistent and precise estimates of parameter means (Larsen 
et al. 2004). Ultimately, this suggests that “on average” 
regional-scale patterns will be apparent as the effects of crew 
variability (examples herein) will be minimized as a result of 
the sampling distribution, the likely random error structure 
related to inter-crew variability, and the sample sizes obtained 
in these large-scale habitat monitoring programs. Within 

Figure 4. Plots illustrating the linear relationships between average measures of large woody debris (LWD) frequency and pool frequency where 
crews used different protocols (PIBO protocol (a); EMAP protocol (b)) in the same reaches from 12 streams in the John Day Basin, Oregon, and similar 
relationships for PIBO (c) and EMAP (d) when considering the confidence intervals (1 SD) around each estimate of pool frequency and LWD frequency. 
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these larger programs there is often a need to evaluate habitat 
status and trends at the smaller scales, including individual- or 
multi-stream scales. As fewer samples are used to evaluate the 
status of physical habitat, however, the probability of inter-
crew variability and/or site-to-site variability (e.g., Larsen 
et al. 2004) impacting our understanding of status increases. 
Interpreting the results from assessments with small sample sizes 
should be viewed with caution and consideration of estimates 
of sampling error (e.g., Kaufmann et al. 1999; Heitke et al. 
2008) should be included in such assessments (see below).

An even greater challenge may occur when data collected 
from multiple sources (e.g., agencies, academia, etc.) are 
analyzed together to perform large-scale assessments or meta-
analyses of physical habitat or fish-habitat relationships. 
This is especially problematic in that most published habitat 
assessments only involve a single or a small number of crews 
(i.e., most master’s and doctoral work), and few studies 
formally quantify estimates of sampling error. This could 
cause substantial problems if stream habitat is a limiting 
factor in fish production (see Mobrand et al 1997). Without 
strict quality control measures, the variability in assessments 
of habitat attributes at the individual-study scale as a result 
of differences among individuals (Olsen et al. 2005), their 
training levels (Hannaford et al. 1997), and the protocols 
used to collect the data (examples herein) may be particularly 
problematic for attempting to determine “global” models of 
fish-habitat relationships. Furthermore, assessments of data 
crosswalks across studies using different habitat protocols, 
or even between data collected with similar protocols but 
different training levels, may be insightful (see above), but 
naïve unless measures of repeatability are included in these 
analyses. In such situations it is possible that differences 
among individuals within a monitoring 
program and/or differences among 
monitoring protocols could affect how 
we understand the threat(s) facing a 
specific population or how we prioritize 
stream restoration activities (Whitacre 
et al. 2007). 

Incorporating 
uncertainty in 
decisions related to 
habitat quality

The examples provided here clearly 
illustrate the challenges associated with 
evaluations of the status of physical habitat 
that can occur as a result of sampling 
error (i.e., variability among crews) 
and inherent differences in sampling 
protocols. Despite these difficulties, 
managers are often confronted with 
the difficult task of answering critical 
questions related to land-use impacts, 
restoration activities, and/or population 
models that incorporate habitat data. A 
simple approach would be to integrate 

estimates of sampling error as measures of confidence in point 
or average estimates of a particular habitat attribute, analogous 
to confidence intervals. Where project-specific measures of 
sampling error are not available, external sources using similar 
protocols or the range of errors across different protocols 
(e.g., Kaufmann et al. 1999; Whitacre et al. 2007) could be 
considered as a means to understand what estimates may be 
possible, given the field estimates for a habitat attributes and 
the attribute-specific estimates of sampling error. 

A more quantitative approach would be to use analytical 
models that incorporate uncertainty, which may arise from 
sampling error, or bias due to differences across protocols. 
While these types of approaches are well established in 
fisheries research and management (e.g., Hilborn and 
Peterman 1996), there have been few applications to decisions 
related to instream habitat monitoring. Under this approach, 
for example, status assessments might include information 
related to sampling error for a particular habitat attribute and 
the number of observations used to evaluate status of this 
attribute (Figure 5). Here, certainty of evaluations of habitat 
status would likely increase as the number of observations 
increases, thus minimizing the potential influence of 
observation error and reducing potential site effects (e.g., 
site-to-site variability within a stream network; Larsen et 
al. 2004). While these types of approaches would ultimately 
require formal analyses of the specific relationships between 
sample size and influence of site effects and observation error, 
they would help identify where additional data is needed for 
robust evaluations ofhabitat status and improve the basis for 
which key management and conservations decisions are made 
(Reckhow 1994). 

Figure 5. An illustration of the relationships between sample size and the certainty of 
habitat status assessments (solid line) and sampling error (dashed line).
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Conclusion
We have illustrated how the use of different habitat surveying 

protocols, and the variability of data collected within protocols, 
may distort our understanding of the ecology of fishes and our 
ability to effectively manage stream ecosystems. Within fisheries, 
managers are often required to assemble all available, relevant 
data to make sound decisions in a timely manner, and as with 
fish abundance data (e.g., Al-Chokhachy et al. 2009), we urge 
consideration of the bias and precision associated with habitat 
data used in these decisions. 

The variability in habitat assessments illustrated here highlights 
the importance of using standardized, well-documented protocols 
and well-trained field crews (Heitke et al. 2008). In particular, 
standardized protocols may reduce misinterpretations of stream 
habitat condition that result simply from the way that different 
protocols quantify habitat characteristics. With this, we urge 
consideration of the specific field protocol used to collect the data 
of interest when using stream habitat data as a measure of stream 
quality in habitat status assessments and/or in fish-habitat models, 
as data collected under different protocols can yield substantially 
different results. 

Training to minimize error and reduce bias among crews 
collecting fish abundance or count data (i.e., snorkel training) 
has long been integrated within fisheries research and monitoring. 
Training crews to conduct habitat surveys has been found to 
significantly improve the precision of data (Hannaford et al. 
1997; Heitke et al. 2008), yet this component of field work is 
often given little weight in many research and management 
programs. In lieu of increased standardization and training there 
will continue to be extremely high variability in our assessments 
of stream-habitat attributes such as those related to pool habitat. 
In such cases, everybody will agree on a large, deep, well-formed 
pool, but there will be less agreement as these characteristics get 
nearer to those factors that separate pools from riffles. Ultimately, 
robust assessments of the physical habitat of streams will rely 
on selecting those attributes and methods that exhibit greater 
precision across individuals and environmental conditions (e.g., 
flow; Kaufmann et al. 1999) and training levels necessary to 
minimize sampling variability attributed to observer error.

Given the variability in stream habitat assessments, it might 
seem surprising that we continue to find strong relationships 
between various instream habitat attributes and fish. For example, 
Ebersole et al. (2003) found densities of juvenile Chinook salmon 
(O. tshawytscha) significantly increased (Adjusted R2 = 0.67) in 
reaches with lower width-to-depth ratios and higher percent pool 
values in streams in northeast Oregon (regression also contained 
a stream-specific parameter); both of these parameters have 
illustrated relatively low levels of precision (Kaufmann et al. 
1999; Whitacre et al. 2007) We consider the strength of these 
and other fish habitat relationships (in the face of variability in 
both habitat and population assessment methods) as an indication 
of the strength of the association between specific habitat 
characteristics and fish populations (Mobrand et al. 1997). With 
this, we anticipate further improvements in our understanding 
of the relationships between stream characteristics and fish 
populations as we improve the accuracy and precision associated 
with measurements of physical habitat attributes. 
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Stream Protocol
% fine sediment 
(<6mm) % pools†

Pool frequency 
(pools/100 m)‡

LWD frequency 
(pieces/100 m)

Big PIBO 57.7 (2.1) 58.3 (2.6) 10 (4.6) 85 (2.6)

Big EMAP - 39.3 (21.9) 19.9 (1.4) 55.4 (38.1)

Bridge PIBO 18 (8.2) 20.7 (0) 3.1 (1.8) 0 (0)

Bridge EMAP - 0 (0) 11.2 (0.8) 0 (0)

Camas PIBO 1 (0) 16.7 (0.6) 1.5 (0.4) 0.7 (0.6)

Camas EMAP - 0 (0) 7.8 (2.2) 0.9 (0.8)

Crane PIBO 46.3 (10.6) 62.7 (12.3) 8.5 (1.9) 49 (12.3)

Crane EMAP - 26 (11.5) 20.9 (0.6) 35.1 (23.2)

Crawfish PIBO 21.3 (11) 30 (9.5) 5.1 (1.9) 64 (9.5)

Crawfish EMAP - 9.6 (4.6) 19 (1.4) 44.9 (24.7)

Indian PIBO 15.3 (4.7) 15 (12.5) 5.9 (3.1) 69.3 (12.5)

Indian EMAP - 13.7 (6.9) 21.9 (7.7) 57 (19.3)

Myrtle PIBO 31.3 (10.1) 15.7 (5.7) 8.4 (5.4) 37 (5.7)

Myrtle EMAP - 5.1 (4.3) 10.5 (4.8) 32.4 (13.1)

Potamus PIBO 6.7 (1.2) 18 (2.5) 3.1 (1.1) 14.3 (2.5)

Potamus EMAP - 4 (4) 10.4 (0.4) 17 (10.6)

Tinker PIBO 26† 14† 5.8* 15 (1.7)

Tinker EMAP - 5.8 (3.6) 6.9 (2.8) 9.4 (3.7)

Trail PIBO 2 (1) 32 (3.2) 4.4 (2.2) 51.7 (3.2)

Trail EMAP - 3.9 (4.4) 13.6 (1.8) 42.4 (25.1)

WF Lick PIBO 21.3 (10.3) 42.3 (0.6) 10 (0.6) 27.3 (0.6)

WF Lick EMAP - 9.2 (6.9) 20.8 (2.9) 18.7 (12.6)

Whisky PIBO 13.7 (6.1) 17.7 (0.6) 7.6 (1.8) 10.3 (0.6)

Appendix
Table A1. The average (standard deviation) values for percent fine sediment, percent pools, pool frequency, and large woody debris (LWD) frequency 
across streams and protocols. 
†Percent pool habitat for EMAP crews was estimated by visual assessment of channel features.
‡Pool frequency for EMAP crews was estimated from longitudinal profiles of residual pool depth in each stream reach (see Kaufmann et al. 1999 for specific details).
*Only one crew estimated percent pool.
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