References on the application of visual survey data to monitoring of salmon escapement
Kendra Holt

22 February 2008
One of our primary objectives of this project is to identify monitoring designs that will allow agencies to make inferences about the underlying processes driving temporal and / or spatial patterns in salmon populations based on collected data.  This annotated bibliography provides a summary of studies I have encountered in primary literature that are relevant to the design of salmon monitoring programs.  I focus on visual survey methods for monitoring spawning escapement and do not touch on literature related to monitoring survival rates or productivity.  I have categorized references into three classes based on the level of monitoring information they consider: (i.) species presence or absence, (ii.) indices of relative abundance, and (iii.) estimates of absolute abundance.  Several studies overlap two or more of these categories.  When this was the case, I placed references in the category for which I judged conclusions to be the most relevant. For each category, I provide a brief overview of the types of monitoring metrics that can be derived using collected data and highlight important areas of recent research.  

(i.) Species presence-absence
Presence-absence data have traditionally been used to estimate site occupancy rates or predict the distribution of a species over large geographic areas.  The latter application, prediction of species distribution, is often based on observed habitat associations.  Two important fields of research related to the estimation of site occupancy rates have been the development of methods that account for imperfect probabilities of detection and the identification of trade-offs between the precision of estimates and sampling costs.  

Some recent studies move a step beyond the estimation of occupancy rates to examine the power of presence-absence data to detect temporal changes in regional abundances.  Abundance trends in these cases are inferred from changes in the number of sites within a region that switch status (the species is present or absent) between time steps.  Monte Carlo simulations have been used to explore how the power of trend detection varies under different scenarios about level of survey effort, underlying spatial distribution of a species (random versus aggregated), and patterns of decline among monitored sites (equal decline over the entire range versus concentrated declines at only a few locations).  
Relevant references:
Mackenzie, D.I., J.D. Nichols, G.B. Lachman, S. Droege, J.A. Royle, and C.A. Langtimm.  2002.  Estimating site occupancy rates when detection probabilities are less than one.  Ecology 83: 2248-2255.
The authors propose a model- and likelihood-based method for estimating site occupancy rates when detection probability is < 1.  Using computer simulation, they show that the model can provide unbiased occupancy rates at moderate detection probabilities (> 0.3).  

Mackenzie, D.I. and J. A. Royle.  2005.  Designing occupancy studies: general advice and allocating survey effort.  Journal of Applied Ecology 42: 1105-1114.

They review and comment on several issues related to occupancy studies including monitoring objectives, selection of sampling units, timing of repeat surveys, and allocation of survey effort.  In addition, they compare three sampling schemes based on precision and cost, and show that attempting to survey as many sites as possible is often not the most efficient use of resources.  

Pollack, J.F.  2006.  Detecting population declines aver large areas with presence-absence, time-to-encounter, and count survey methods.  Conservation Biology 20: 882-892.

Simulation modelling was used to compare three survey methods based on the power of trend-detection and a cost-benefit ratio (where benefit was measured as power).  The results show that count surveys ranked highest under the widest range of scenarios about population variability and cost functions; however, there were cases in which presence-absence surveys outperformed count surveys.  The author also considers time-to-encounter surveys, in which sites are searched until a specified number of individuals are observed (e.g., 3) or a predetermined length of time expires and an index is calculated as the number of encounters divided by the cumulative search time.  This type of survey was never the best overall monitoring strategy.  
Strayer, D.L.  1999.  Statistical power of presence-absence data to detect population declines.  Conservation Biology 13: 1034-1038.
The author developed a Monte Carlo simulation model to test the power of presence-absence data to detect statistically significant declines in the number of sites occupied by a mussel population experiencing regional decline in abundance.  His results show that power is greater if the spatial structure of decline is such that individuals disappear entirely from a subset of sites rather than if decline is even over all sites.    
(ii.) Indices of relative abundance

Indices of relative abundance are primarily used to make inferences about rates of change in abundance over time.  This can be done either by calculating rates of change directly from index values or by estimating the underlying population trend that gives rise to observed index values.  Indices of relative salmon spawning abundance, or escapement, are most often based on counts (or counts per unit area) of live salmon made during visual surveys of spawning areas.  Alternatively, counts at different life history stages (e.g., parr, smolts, or redd nest sites) can be used to make inferences about changes in escapement levels over time; however, density-dependent processes can make these relationships non-linear.   

When a single site is surveyed multiple times within a year, an index method is required to summarize observed count values into a single annual index value.  Several methods are available, including using the peak (largest) count or the mean count value.  Monte Carlo simulation studies have been used to evaluate how well relative indices based on count data detect changes in escapement over time in individual streams.  These evaluations address questions about how the power of trend detection is influenced by underlying population dynamics, survey design, and the metric used to index escapement.
An important area of research with regard to relative abundance indices is the development of methods for extrapolating site-specific count data up to aggregated, regional-scale indices.  Much of this research has focused on establishing probability-based sampling designs for repeated surveys that dictate how many sites should be sampled within a year and how often previously sampled sites should be re-sampled in subsequent years.  The relative performance of alternative sampling designs has been quantified using the power of trend detection and the standard error of annual estimates of population status.  An important and related research question is how best to account for missing data when combining site-specific data into a regional index.  This question is particularly relevant for retrospective analyses of abundance indices for which site selection may have been non-random and for which not all streams were surveyed in all years (a common occurrence).
Relevant references:
Holt, K.R. and S.P. Cox.  2008. Evaluation of visual survey methods for monitoring Pacific salmon (Oncorhynchus spp.) escapement in relation to conservation guidelines.  Canadian Journal of Fisheries and Aquatic Science 65: 212-226.
This study compares the power of four estimation methods (peak count, mean count, area-under-the-curve (AUC), and a maximum likelihood method) to detect declines in salmon escapement using simulation modelling.  Sensitivity analyses were used to examine the effects of variable population dynamics (e.g., inter-annual variability in run timing) and survey design on the power of trend detection.
Isaak, D.J., R.F. Thurow, B.E. Rieman, and J.B. Dunham.  2003.  Temporal variation in synchrony among chinook salmon (Oncorhynchus tshawytscha) redd counts from a wilderness area in central Idaho.  Canadian Journal of Fisheries and Aquatic Science 60: 840-848.

The authors use historic time series of redd counts from established sites to develop escapement indices and then use these indices to examine patterns in the synchrony of escapement over time.  Their results suggest that populations become more strongly synchronous as abundances decreased.
Korman, J. and P.S. Higgins.  1997.  Utility of escapement time series data for monitoring the response of salmon populations to habitat alterations.  Canadian Journal of Fisheries and Aquatic Science 54: 2058-2067.
This study uses Monte Carlo simulations to examine the ability of escapement indices based on count data to detect changes in escapement resulting from habitat improvements.  Their results suggest that data are unable achieve a desirable level of confidence in detection, which they define as greater than 80 % power to detect a twofold increase in carrying capacity over a 10-year post-treatment monitoring period.  Multiple scenarios were considered about observation error, environmental variation, the magnitude of escapement change, and length of monitoring.  
Link, W.A. and J.R. Sauer.  1998.  Estimating population changes from count data: application to the North American Breeding Bird Survey.  Ecological Applications.  8: 258-268.



They demonstrate that the omission of covariates related to ability of observers to detect individuals can bias the estimation of population change (e.g., differences among observers and changes through time in the abilities of individual observers).  Develop a modelling approach for predicting trends that account for these covariates when relating expected counts to relative population size. 
Paulsen, S.G., R.M. Hughes, and D.P. Larsen.  1998.  Critical elements in describing and understanding our nation’s aquatic resources.  Journal of the American Water Resources Association 34: 995-1005.

The authors use Oregon coho salmon populations to show how potential biases in regional-scale escapement estimates can occur when sampling sites are selected due to convenience rather than based on probability-based sampling methods.
Shea, K, and M. Mangel.  2001.  Detection of population trends in threatened coho salmon (Oncorhynchus kisutch).  Canadian Journal of Fisheries and Aquatic Science  58: 375-385.

This study examines the potential to make inferences about adult escapement to a specific stream based on observations of parr abundance.  Simulation modelling is used to estimate that the probability of observing a decline in parr abundance given a “true” decline in adult escapement is 80-90%.
Stevens, D.L., Jr. and A.R. Olsen.  1999.  Spatially restricted surveys over time for aquatic resources. Journal of Agricultural, Biological, and Environmental Statistics 4: 415-428.

This paper presents a general approach for sampling aquatic resources that distributes sampling effort over the spatial extent of interest and uses a panel structure to dictate sampling through time.  Relevant sampling frames are developed using geographic information systems (GIS).  The sampling of Oregon coastal streams for salmon spawner abundance, smolt abundance, and freshwater habitat is one example used to demonstrate the approach.
Thomas, L.  1996.  Monitoring long-term population change: why are there so many analysis methods?  Ecology 77: 49-58.
This study reviews factors that make analysis of count data difficult and summarizes in tables the major features of methods that have been used to estimate both annual indices and population trends. The author provides an example of how Monte Carlo simulations can be used to test the performance of alternative methods using bird count data.

Urquhart, N.S. and T.M. Kincaid.  1999.  Designs for detecting trend from repeated surveys of ecological resources.  Journal of Agricultural, Biological, and Environmental Statistics 4: 404-414.

A statistically-based description of the methods used in Urquhart et al. 1998 (below).      

Urquhart, N.S., S.G. Paulsen, and D.P. Larsen.  1998.  Monitoring for policy-relevant trends over time.  Ecological Applications 8: 246-257.
The authors identify a need to extrapolate trends observed at individual monitoring sites to a regional scale that is relevant to policy decisions.  They use power curves parameterized using surface water data to compare the abilities of four different temporal sampling deigns to estimate regional trends.  Based on their results, they recommend the application of ‘augmented serially alternating’ plans that include planned revisits to sites over time.      
(iii.) Estimates of absolute abundance
Numerous methods have been developed for estimating absolute escapement of salmon in individual spawning streams.  The types of input data and sampling effort associated with data collection vary substantially among methods, as can the accuracy and precision of the resulting escapement estimates.  Commonly applied methods include the expansion of count indices to absolute abundance, capture-recapture studies, enumeration fences, and removal studies using electrofishing.  I focus on methods that use count data in this bibliography because the relatively low-cost sampling procedure is well suited for large-scale monitoring programs that seek to answer questions about spatial and temporal patterns in absolute abundance.  
As with relative indices, the calculation of absolute abundance estimates requires count data collected from multiple surveys within a year to be condensed into a single measure of abundance.  In the case of absolute abundance however, an additional step is required: the application of an expansion factor to the relative index that represents fish present in the stream but that are not represented in the index.  Commonly used methods include expansion of peak counts, expansion of redd counts, area-under-the-curve (AUC), and maximum likelihood estimation models.

Most research on the estimation of absolute escapement using count data has focused on assessing the accuracy of estimates for a single stream relative to those obtained using more reliable methods such as enumeration fences or mark-recapture studies.  The challenge described in the previous section of extrapolating site-specific metrics to regional metrics also applies to absolute escapement estimates.  One approach for simplifying extrapolation procedures is to estimate average fish density associated with specific habitat types and then to expand density estimates to absolute escapement based on the total area of each habitat type that exists within the region of interest.
Relevant references:

Bue, B.G., M. Fried, S. Sharr, D.G. Sharp, J.A. Wilcock, and H.G. Geiger.  1998.  Estimating salmon escapement using area-under-the-curve, aerial observer efficiency, and stream-life estimates: the Prince William Sound pink salmon example.  North Pacific Anadromous Fish Commission Bulletin 1: 240-250.
This study reports on application of the trapezoidal area-under-the-curve (AUC) method of escapement estimation to count data from multiple streams.  Their results show that AUC escapement estimates were relatively unbiased compared to weir counts when year- and stream-specific estimates of observer efficiency and survey life parameters were used.  The accuracy of escapement estimates deteriorated when the number of days between surveys exceeded 7 days.
English, K.K., R.C. Bocking, and J.R. Irvine.  1992.  A robust procedure for estimating salmon escapement based on the area-under-the-curve method.  Canadian Journal of Fisheries and Aquatic Sciences  49: 1982-1989.
They compare two methods for calculating area-under-the-curve escapement estimates that differ in the method usde to calculate survey life parameters with mark-recapture escapement estimates.  Their results show that AUC methods can produce accurate estimates of escapement when year- and stream-specific estimates of survey life and observer efficiency are used. 
Gallagher, S.P. and C.M. Gallagher.  2005.  Discrimination of chinook salmon, coho salmon, and steelhead redds and evaluation of the use of redd data for estimating escapement in several unregulated streams in northern California.  North American Journal of Fisheries Management.  25: 284-300.  

Escapement estimates based on redd counts were compared with estimates from capture-recapture experiments, area-under-the-curve estimation, and enumeration fences.  The application a stratified random sampling design for redd counts with biweekly surveys produced precise, reliable, and cost-effective escapement estimates.  Estimates did not differ significantly among the methods considered.

Hilborn, R., B.G. Bue, and S. Sharr.  1999.  Estimating spawning escapements from periodic counts: a comparison of methods.  Canadian Journal of Fisheries and Aquatic Sciences 56: 888-896.
They present a maximum likelihood method for estimating spawning escapement to a single stream using periodic count data.  An advantage of this approach is that it allows for the calculation of uncertainty in escapement estimates.  
Irvine, J.R., R.C. Bocking, K.K. English, and M. Labelle.  1992.  Estimating coho salmon (Oncorhynchus kisutch) spawning escapements by conducting visual surveys in areas selected using stratified random and stratified index sampling designs.  Canadian Journal of Fisheries and Aquatic Science 49: 1972-1981.
This study compares two sampling methods for selecting visual survey index sites within a stream: stratified random sampling (SRS) and stratified index sampling (SIS), which allows index sites to be selected based on ease of access for surveyors.  Area-under-the-curve estimates obtained using surveys in SIS areas were more accurate and precise than estimates obtained using surveys in SRS areas.   
Korman, J., R.N.M. Ahrens, P.S. Higgins, C.J. Walters.  2002.  Effects of observer efficiency, arrival timing, and survey life on estimates of escapement for steelhead trout (Oncorhynchus mykiss) derived from repeat mark-recapture experiments.  Canadian Journal of Fisheries and Aquatic Science 59: 1116-1131.
They present a likelihood model that incorporates mark-recapture data in addition to count data.  The mark-recapture data are used to estimate observer efficiency.  In addition, they demonstrate the development of relationships for predicting observer efficiency as a function of physical conditions in the river.  They suggest that their predictive model can be applied to escapement estimation in future years so that observer efficiency is estimated from physical stream data.  This approach would eliminate the need to conduct costly tagging studies on an annual basis.
Parken, C.K., R.E. Bailey, J.R. Irvine.  2003.  Incorporating uncertainty into area-under-the-curve and peak-count salmon escapement estimation.  North American Journal of Fisheries Management  23: 78-90.
This study describe a bootstrap procedure for area-under-the-curve (AUC) and peak count escapement estimation that provides a measure of uncertainty in annual estimates.  The authors compare these escapement estimates with those obtained using mark-recapture methods.  Their results show that four years of AUC estimates (based on a stream-specific estimate of survey life) were reliable when compared to mark-recapture methods,  while peak count estimates were relatively unreliable.        

Su, Z., M.D. Adkison, and B.W. Van Alen.  2001.  A hierarchical Bayesian model for estimating historical escapement and escapement timing.  Canadian Journal of Fisheries and Aquatic Sciences 58: 1648-1662.
The authors expand on the methodology of Hilborn et al. (1999) by using a hierarchical Bayesian approach that allowed the estimation procedure to “borrow information” from years with ample survey data to apply to years with sparse survey data or no post-peak counts.  
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