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Estimating Fish Consumption Rates for the Upper Hudson River

1.0 INTRODUCTION AND PURPOSE

In 1991, EPA issued a Phase I Report for the Reassessment RI/FS in which the Agency evaluated
the potential human health risks for the Hudson River Superfund site. In this report, EPA (1991)
determined that any risks to human health from PCBs in sediment occur through indirect exposure
through the fish consumption pathway. Under Superfund Guidance (EPA, 1989a), evaluation of
such exposures are specifically required not to consider the impact of any fishing regulations.
However, fishing restrictions have been imposed by the State of New York, and thus the estimates
of PCB exposure developed for the Upper Hudson River are hypothetical and an overestimation of

actual exposures. -

In estimating potential risks to anglers who consume fish from the Hudson River, EPA (1991)
assumed 30 g/day as the average consumption rate for ariglers. This rate was used with other point
estimates of exposure and toxicity to estimate risks from PCB intake. As described in GE’s
comments on the Phase I Report, the use of the “point-estimate’ approach is overly conservative
and should be replaced by a more sophisticated probabilistic approach (i.e., Microexposure Monte
Carlo analysis). Furthermore, the assumed fish consumption rate was inapproprnate for the Upper

Hudson River.

This paper presents a discussion of the technical and regulatory issues related to the selection of
fish consumption rates for anglers who would fish the Upper Hudson River in the absence of a
ban. The goal is to present a summary of the technical information currently available on fish
consumption and to develop the best possible estimates of fish consumption that would apply to
the Upper Hudson River area and could be used in a probabilistic risk analysis. Specifically, this
paper presents the results of three recent studies of fish consumption rates that have been published
in the peer-reviewed literature, Estimating Consumption.of Freshwater Fish Among Maine Anglers
(Ebert et al., 1993), The Effect of Sampling Bias on Estimates of Angler Consumption Rates in
Creel Surveys (Price et al., 1994), and Selection of Fish Consumption Estimates for Use in the
Regulatory Process (Ebert et al., 1994).. The first of these three papers was published in the North
American Journal of Fisheries Management. The other two were published in the Journal of

Exposure Analysis and Environmental Epidemiology.
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2.0 FISH CONSUMPTION AND THE HUDSON RIVER SITE

The determination of fish consumption rates is an important issue in the evaluation of human health
risks from the presence of persistent lipophilic chemicals in waterbodies. The amount of fish
consumed by a population of anglers varies depending on the numbers and types of waterbodies
fished and the characteristics of the angler population. Fish consumption also depends on factors
such as climate, fish species present, fish productivity, river access, and the size of the angler

population.

The population at risk from the consumption of fish contaminated with PCBs represents a small
fraction of the general population. Only a limited number of individuals living near the Upper
Hudson River are freshwater anglers. In recent years freshwater anglers have adopted catch and
release programs as a way of maintaining the number of trophy-level fish in North American
fishing waters. In fact, a recent survey of freshwater anglers found that two-thirds of anglers who
fished rivers and streams did not consume the fish they caught (ChemRisk, 1992). The proposed
distribution of intakes developed in this paper is specific to that fraction of anglers who catch and
consume fish and is not meant to reflect fish consumption rate for the general population or even

for all freshwater anglers.

For the Upper Hudson River the rate of fish consumption should be based on the intake of sport-
caught fish and not consumption of fish obtained from restaurants, markets, or other, non-angling
sources. Unfortunately, no survey has adequately evaluated the fish consumption rates of anglers
using the Upper Hudson River, due to the existence of a State ordered and enforced fishing ban
since 1976 on the affected portion of the river. Although two mail surveys have been performed
on New York anglers INYSDEC, 1990; Connelly et al., 1992) and a creel survey (Barclay, 1993)
was performed on Upper Hudson river anglers, none of these surveys focused on fish
consumption from the river. NYSDEC (1990) evaluated fish consumption from all recreational
and commercial sources including self-caught fish from the Hudson. Connelly et al. (1992)
evaluated self-caught fish consumption, but the survey included information on consumption of
fish from Lake Ontario and other large lakes, the inclusion of which may make the survey results
inappropriate for the Upper Hudson River. Barclay (1993) focused on evaluating the
effectiveness of fish consumption bans and advisories on the Hudson River and did not develop
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quantitative estimates of fish consumption rates. Clearly, even if these surveys were used to
develop estimates of fish consumption rates specific to the Upper Hudson River, the results would
be of limited use in characterizing actual risks to anglers because of the effect current fishing

restrictions have on fish consumption rates.

As stated in the Final Phase 2 Work Plan and Sampling Plan for the Hudson River, EPA (1992)
acknowledged that “the Phase 2 baseline assessment will evaluate whether there are adequate data
to justify a site-specific or region-specific value for fish consumption that would apply in the
Hudson River area in the absence of a fishing ban.” In this paper, a surrogate region-specific
study is identified that can be used to estimate a fish consumption rate for the Hudson River. An
evaluation of EPA’s current default estimate that was used in the Phase I Report (EPA, 1991) is
presented, as is a brief review of the existing literature on fish consumption rates. This paper also
provides a specific recommendation for estimating an appropriate distribution of fish consumption
rates for use in the human health risk assessment for the Upper Hudson River.

3.0 EPA ESTIMATES IN THE 1991 PHASE 1 REPORT

In its Phase 1 Report, EPA (1991) recommended that 30 g/day be used to estimate fish
consumption for the typical Hudson River angler.. This value is based on the average of the
median consumption rates reported by two studies of recreational anglers, Puffer et al. (1981) and
Pierce et al. (1981). Pierce et al. (1981) interviewed fishermen on Commencement Bay, a
marine/estuarine fishery in Puget Sound near Tacoma, Washington. Based on data provided by
Pierce et al. (1981), EPA ('1989b) estimated that the median consumption rate for those anglers
included in the survey was 23 g/day. The Puffer et al. (1981) study, which was a creel survey of
Los Angeles Harbor anglers, reported a median consumption rate of 37 g/day. EPA (1989b)
averaged these two median rates to derive their estimate of 30 g/day to represent the average
recreational angler. EPA justified the use of this estimate in the Phase I document based on two
arguments: first, that the value of 30 g/day is recommended in the Exposure Factors Handbook as
a default value for large bodies of water (EPA, 1989b); and second, that a study of New York
anglers reported a similar estimate of intake (NYSDEC, 1990).
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There are a number of reasons why it is inappropriate to apply this value in estumating the fish
intake rate for the Hudson River Reassessment. First, the 30 g/day number is based on
consumption rates derived from short-term studies of marine fishermen. As discussed in greater
detail in Section 4.0, the most appropriate surveys for characterizing fish intake rates for a
particular waterbody are long-term surveys performed on similar bodies of water. The use of fish
consumption rates from West Coast marine anglers is not appropriate for estimating intake from.
Eastern freshwater rivers. Further, as discussed in Section 4.0, a number of additional studies
have been publishéd since the Exposure Factors Handbook (EPA, 1989b) was completed. Several
of these studies provide a much better basis for estimating hypothetical consumption rates for the

Upper Hudson River (Connelly et al., 1992 ; Ebert et al., 1993). -

Second, the estimate of 30 g/day is an unreasonable estimate of fish consumption for the “typical”
Hudson River angler since the results of the Puffer et al. (1981) and Pierce et al. (1981) creel
surveys significantly overestimate the distribution of intakes for anglers using the surveyed bodies
of water. The attached manuscript The Effect of Sampling Bias on Estimates of Angler
Consumption Rates in Creel Surveys demonstrates that the resulits of the two creel surveys are
strongly biased towards frequent anglers. This bias is inherent to all creel surveys because
frequent anglers are more likely to be present when interviewing occurs than infrequent anglers.
Due to this bias, the median fish intake for the survey population is substantially higher than the
consumption rate for the total population of anglers using the body of water. When this bias is
corrected (Price et al., 1994), the median intakes for the total population of anglers in the Puffer et
al. (1981) and Pierce et al. (1981) surveys become 2.9 and 1.0 g/day, respectively (Figure 1).
Thus, in the distribution of intakes for the total population of anglers, the EPA value of 30 g/day
corresponds to approximately the 95th percentile; not the 50th percentile of fish consumption rates,

as claimed.

Third, the value of 30 g/day is unlikely to adequately characterize fish consumption from the Upper
Hudson due to the potentially limited fishing season for that area. The estimates of angler intake
from the Puffer et al. (1981) survey and to a lesser extent the Pierce et al. (1981) survey are based
on data from fisheries that are open year round. Independent of the current fishing ban, fishing on
the Upper Hudson is likely to be restricted between late fall and early spring due to species
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Figure 1. Comparison of Fish Consumption Rates
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restrictions and unfavorable weather and fishing conditions. Ice fishing may also be limited on the

river due to rapid currents that prevent the build-up of a safe thickness of ice.

In the Puffer et al. (1981) and Pierce et al. (1981) surveys, many anglers reported fishing on a
daily basis and more than half of the surveyed anglers reported fishing more than once a week.
Those anglers who reported their fishing frequency (e.g. twice a week, once a month) were
assumed by the investigators (Puffer et al., 1981 and Pierce et al., 1981) to fish at that frequency
throughout the year. Such an assumption implied that an angler who fished once a week made 52
fish trips each year. In contrast, if a limited New York season is assumed, anglers who fish the
Hudson River on a weekly basis might fish only 20 to 30.times per year. As a result of the limited
scason, the median fish intakes by Hudson River anglers would be expected to be approximately
one half of the 2.0 g/day calculated for the reanalyzed (Price et al., 1994) Puffer et al. (1981) and

Pierce et al. (1981) surveys (Figure 1).

EPA (1991) also cited the results of the New York Statewide Angler Survey (NYSDEC, 1990) as
a basis for the 30 g/day estimate of intake. The survey reported that New York anglers consumed
an average of 45.2 fish meals per year. Assuming a meal size of 227 g/meal (1/2 1b of fish per
meal) (Cox et al., 1987, 1989; West et al., 1989; NYSDEC, 1990), 45.2 fish meals correspond to
28 g/day averaged over an entire year. While this finding suggests that anglers may consume fish
at a rate approaching 30 g/day, this intake rate cannot be used as an estimate of the consumption
rate for sport-caught fish from the Upper Hudson River because the 45.2 fish meals per year
represents consumption of fish from all sources, including purchased fish, gift fish, and fish
consumed in restaurants. Since the majority of fish consumed by anglers are purchased and not
self-caught (West et al., 1989), the NYSDEC estimate significantly overestimates the typical
angler’s intake of self-caught fish. Additional evidence of this overestimation can be seen in the
reported results of Connelly et al. (1992) who reported 11 self-caught fish meals by New York
anglers. Using the same meal size of 227 g/meal, an average intake rate of 7 g/day is derived.

For the reasons stated above, it is clear that the median consumption rate for the typical angler that

might fish the Upper Hudson will be much less than 30 g/day, even if the ban was lificd
Therefore, GE recommends that EPA not rely on the default consumption rate given in the
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Exposure Factors Handbook (EPA, 1989b) either as a point estimate or as the basis for a

distribution of fish intakes.
4.0 RECOMMENDED APPROACH

To adequately characterize potential exposures associated with human health risks from PCBs
found in the Hudson River, it is necessary to identify a fish consumption rate that is appropriate
for that waterbody. As stated previously, this estimate ideally would be based on surveys of
anglers currently fishing the Unper Hudson River; however, the existing ban prevents the
collection of any meaningful data. Given this situation, the most accurate information must be
taken from studies that characterize recreational consumption from regional freshwater rivers and
streams whose productivity and accessibility are similar to the Hudson River. This section
presents a review of the available angler surveys that may be applicable to the potential users of the

Upper Hudson.
4.1 Published Studies

Numerous estimates of fish consumption rates have been made for both the general population of
the U.S. (Javitz, 1980; Rupp et al., 1980; USDA, -1980) and for recreational anglers (Soldat,
1970; Honstead et al., 1971; Pierce et al., 1981; Puffer et al., 1981; Turcotte, 1983; Landolt et al.,
1985, 1987, Cox et al., 1985, 1987, 1990; Fiore et al., 1989; West et al. 1989; NYSDEC, 1990;
ChemRisk, 1991a,b; Connelly et al., 1992; Richardson and Currie, 1993; Ebert et al., 1993).
These studies have reported a wide range of fish consumption values and have examined
consumption rates of fish taken from various types of waterbodies ranging from all waters to
single bodies of water. A summary of the published surveys is provided in the attached
manuscript Selection of Fish Consumption Rates for Use in the Regulatory Process (Ebertetal.,

1994).

Ebert et al. (1994) provide an in-depth analysis of the studies used to estimate the range of fish
consumption rates available for the general population of the United States and recreational anglers.
Studies that provide estimates of per capita consumption for the general population are appropriate
when evaluating the effects of background contamination levels on the population as a whole from
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all fish species found in the marketplace. Examples of these types of consumption estimates can be

found in Javitz (1980), Rupp et al. (1980), and USDA (1980).

The studies that evaluate consumption by recreational anglers may be divided into the following
categories: those that evaluate consumption of fish from (1) all commercial and recreational
sources; (2) self-caught marine sources; (3) multiple freshwater bodies; (4) multiple flowing
waterbodies; (5) multiple lakes and ponds; and (6) specific waterbodies (Table 1). Studies by
Fiore et al. (1989), West et al. (1989), and Connelly et al. (1990) provide information on total fish
consumption by anglers. Pierce et al. (1981}, Puffer et al., (1981) and Landolt et al. (1985, 1987)
evaluated fish consumption from marine waterbodies. Fiore et al. (1989), West et al. (1989), and
Cox et al. (1985, 1987, 1990) looked at consumption from multiple fresh waterbodies. Due to
these various methods of estimating fish consuription rates, these studies provide a wide range of
consumption estimates. The consumption rates reported for multiple freshwater systems can be
further refined to consider only flowing waters or only lakes and ponds. Data for these specific
fresh water systems are available in ChemRisk (1991a), Ebert et al. (1993), and Richardson and
Currie (1993). Finally, data on consumption from specific waterbodies are available in Soldat
(1970), Honstead et al. (1971), Turcotte (1983), and ChemRisk (1991b). The fish consumption
rate values reported in these studies vary greatly. Intake for the typical recreational angler ranged
from less than 1 g/day to 37 g/day, while the intake rates for the high-end angler ranged from 11

g/day to more than 300 g/day.

4.2 Study Selection

Given this wide range of angler studies and consumption rates, the study and rate of consumption
for the assessment of risk to anglers at the Upper Hudson River site should be selected carefully so
that the fish consumption rate most appropriate to the Upper Hudson River can be identified.
Selecting the appropriate value requires the identification of specific criteria that must be met to
ensure that the most appropriate study and data are selected. (Table 2). For example, as primary
criteria, General Electric believes that it is critical that the study evaluate self-caught, freshwater
fish over a long-term. These primary criteria must be met to ensure that the fish consumption rate
closely approximates consumption from the Upper Hudson River. Only when these criteria arc
met can the secondary critcria be considered to further refine the fish consumption estimate.
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Table 1. Fish Consumption Estimates for Recreational Anglers
Consumption Rates (g/d)
Swdy Mean Median "High End"
All Commercial and Recreational Sources 7
Fiore et al. (1989) 26 -- 632
NYSDEC (1990) 28 - -
West et al. (1989) 183 - -
Marine - Self-Caught
Landolt et al. (1985; 1987) - 15b -
Pierce et al. (1981) - 23 >542
Pufferetal. (1981) - 37 3392
Multiple Fresh Waterbodies
Connelly et al. (1992) 6.8 -- 32¢
Cox et al. (1985) 21.8 - -
Cox et al. (1987) 19.4 7.5 -
Cox et al. (1990) - 75 --
Ebertetal. (1993) 6.4 2.0 262
Fiore et al. (1989) 123 - 37.33
West et al. (1989) 7 -- -
Multiple Flowing Waterbodies
Ebert et al. (1993) 37 0.99 122
Multiple Lakes and Ponds
ChemRisk (1991a) 42 1.7 152
Ricbardson and Currie (1993) 16.2 - -
Specific Waterbodies
ChemRisk (1991b) 30 0.49 112
Soldat (1970) 1.8 - -
Honstead et al. (1971) 7.7 - -
Turcotte (1983) 74° - -

3. 95th percentile.

. Calculated using a Monte Carlo simulation based on frequency distributions provided by authors.

b
c. 92nd percentile.
d. Calculated based on 2.5 consumers per angler.
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Table 2. Existing Surveys of Fish Consumption Rates in Recreational Anglers
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As indicated above, one of the most important aspects that must be included in a selected study is
the evaluation of self-caught fish only. Fish consumption from this single source is likely to be
much less than consumption from the range of commercial, restaurant, and gift fish that may be
available to the recreational fisherman (Ebert et al., 1994). A second primary criteria should
require that the study selected evaluate consumption from a freshwater, riverine system. Due to-
differences in the types and numbers of species found in freshwater and marine systems,
consumption of self-caught marine fish is generally higher than fresh waterbodies (Ebert et al.,
1994). This may be due to longer fishing seasons, availability of preferred species, or higher
productivity rates at marine fisheries. Finally, it is critical that the selected surrogate study is
conducted over a long-term. Extrapolation of annual or other long-term intake rates, based on
short-term recall surveys, results in additional uncertainty particularly for the upper and lower ends
of the distribution (Finley et al., 1994; Wallace et al., 1994). This occurs because activity and
consumnption by individual anglers are highly variable through the season due to weather, fishing
regulations, differences in species availability, and fluctuations in success rates. Although much of
this variability tends to average out in longer-term estimates, extrapolation from single-day or
short-term measurements will result in an overestimation of the interindividual variation of annual

intake.

Evaluation of secondary criteria is also necessary when selecting a consumption rate study. As
noted for marine and fresh waterbodies, the rate of consumption from standing waters (lakes and
ponds) is higher than the consumption rate from rivers and streams (Ebert et al., 1994). Under
ideal conditions it would be favorable to use a study that evaluated consumption from a single
flowing system that was like the Hudson. However, if a specific waterbody with appropriate
characteristics cannot be identified, it may be more appropriate to use estimates generated for
flowing waters only. Finally, the selected study should have collected data from a regionally
appropriate waterbody. As recommended by the EPA (1989a), it is best to use site- or region-
specific consumption data when conducting a risk assessment. To date, there are a limited numbcr
of studies available in the New York/New England area that provide information on consumption

of sport-caught fish from freshwater rivers and streams.
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Table 2 presents a comparison of the existing surveys and how well they meet the above criteria.
As the table indicates, the Ebert et al. (1993) and Connelly et al. (1992) studies most closely
approximate consumption from rivers similar to the Upper Hudson River. Connelly et al. (1992)
evaluated recreational consumption from New York State freshwaters using a mail recall survey
and reported that the average New York angler consumes 11 meals per year of self-caught fish
from New York’s freshwater fisheries. If it is assumed that each meal is 227 grams in size (1/2 -
pound), it can be estimated that the average New York angler consumes self-caught freshwater
fish, on an annual basis, at a rate of 7 g/day. Ebert et al. (1993) also conducted a mail recall
survey of recreational anglers. Specifically, this study evaluated rates of freshwater fish
consumption by Maine’s anglers. Ebert et al. (1993) reported a mean consumption rate of 6.4
g/day and a median rate of 2.0 g/day for anglers consuming fish from all freshwaters. Lower
values of 3.7 and 0.99 g/day were reported for the mean and median from flowing waters only.

Although the Connelly et al. (1992) survey is specific to New York State, there are several factors -
which limit its usefulness in the assessment of intake for the Upper Hudson River. First, Connelly
et al. only present a single point estimate value for fish consumption. The use of a distribution of
consumption rates, however, is much more preferable in order to characterize interindividual
variability and realistically assess the potential risks to recreational anglers. With only an average
consumption rate value, it is not possible to accurately represent the range of recreational anglers,

including those who ingest higher amounts of fish.

Second, the mean fish consumption rate determined by Connelly et al. (1992) represents fish eaten
from all freshwaters in the state including Lake Ontario and other large lakes. As pointed out by
Ebert et al. (1993), intake from rivers and streams is much smaller than intake from lakes and
ponds. In addition, the rate of intake from multiple waterbodies is higher than that from a single
water system (Ebert et al., 1994). Given these factors, it is highly likely that the fish consurption
rate in Connelly et al. (1992) overestimates the actual fish consumption rate on a single portion of

the Upper Hudson River.

Third, an additional problem with the Connelly et al. (1992) was the format used to collect data on
consumption. Survey respondents were asked to provide waterbody specific data on the type and
amount of fish meals eaten over a one-year period using a complex matrix format. A substantial
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sample of the survey respondents did not complete this matrix. Since nonrespondents are known
to have, on average, lower fishing frequencies and consumption rates (West et al., 1989), the

complex matrix format may have resulted in a hidden bias towards the high end in the survey

results.

Finally, it is important to note that the original purpose of the Connelly et al. (1992) study was not
to identify a consumption rate for New York anglers. Instead, the objectives of this study were to:
(1) identify the level of knowledge of New York State anglers about health advisories and
contaminants in fish; (2) determine fishing behaviors and consumption pattems in response to
these advisories; (3) compare the results of this survey with data collected in 1988; and (4)
evaluate the impacts of the New York advisory and make recommendations for future
improvements in risk communication. Although questions were asked in the survey regarding fish
consumption behaviors, those questions were aimed at estimating how the health advisories altered

the consumpton behavior of recreational anglers.

While the data from Ebert et al. (1993) are not specific to New York State, the anglers surveyed are
a reasonable surrogate. As Table 3 indicates, angler demographics are similar in Maine and New
York, suggesting that similar angler characteristics may be found in the two states. In addition,
Ebert et al. (1993) present data on rates of consumption from rivers and streams in the New
England area. Due to similarities in climate that limit fishing in New York and Maine, it is likely
that these states have similar fishing opportunities and similar catch and consurnption rates. And
finally, the mean fish consumption rate for self-caught fish reported in Connelly et al. (1992) is
similar to the mean fish consumption rate value reported in Ebert et al. (1993) (Figure 2).

Given all of these factors discussed above, the Ebert et al. (1993) study performed to evaluate
freshwater fish consumption in the State of Maine is believed to provide the best characterization of
a distribution of fish consumption rates for the angler who would fish the Upper Hudson River in
the absence of a ban. Table 4 presents the distribution of fish consumption rates reported by Ebert

et al. (1993) for moving waters.
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Figure 2. Key Findings of Ebert et al., 1993 and Connelly et al., 1992
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Table 3. Maine and NY Angler Demographics?

Demographic Chbaracteristic New Yorkb Maine®
Mean Age 43 44
Sex (percent of respondents)
Male 848 80.7
Female 15.2 19.3
Income Level (percém of respondents)
<$20,000 233 333
$20,000 - $49,999 459 519
>$50,000 26.8 148
Education Level (percent of respondents)
Grades 1to 11 10.5 16.2
Graduated High School 323 325
Some College or Trade School 313 26.8
Graduate College of Trade School 13.1 18.6
Some Postgraduate 13.0 59

a. New York statistics include noaresident and resident angiers. Maine

survey inciudes only resident anglers.
b. NYSDEC, 1990.
c. ChemRisk, 1991a.
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Table 4. Distribution of Fish Consumption Rates for
Moving Waters (Rivers and Streams)

Percentiles Fish Consumption Rate

Minimum 0.001
5 0.11

10 0.17

15 0.23
20 0.28
25 0.35

30 0.46

35 0.59

40 o

45 0.83

50 0.99

55 12

60 14

65 1.7

70 2.1

75 2.5

80 32

85 43

90 6.1

95 12
Maximum 118
Median 0.99
Mean 37
StDev 12

Source: Ebertetal., 1993
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5.0 CONCLUSIONS

In the Phase I document, EPA (1991) estimated that the typical recreational angler will consume 30
g/day of self-caught fish from the Hudson River. This value is likely to greatly overestimate the
potential fish consumption for typical anglerslin the absence of fishing restrictions. Instead,
Hudson River anglers are more likely to consume (in the absence of fishing restrictions) at rates
corresponding to other waterbodies with similar characteristics to the Hudson. An evaluation of
the relevant criteria indicates that Connelly et al. (1992) and Ebert et al. (1993) are the most
appropriate studies upon which to base Hudson River fish consumption rates. While the two
studies have similar estimates of angler intake, GE believes the results of the Maine angler study
(Ebert et al., 1993) provide the superior basis for characterizing the distribution of angler fish
consumption rates for the Upper Hudson River. It should also be noted that the results of the
Maine angler survey are not inconsistent with the results of the Puffer et al. (1981) and Pierce et al.
(1981) surveys when the effects of sampling bias and seasonality are considered (Price et al.,

1994).

The evidence presented in this issue paper clearly indicates that the typical levels of fish
consumption by recreational anglers are approximately 1/30 of the rate used by EPA (1991). This
reduced estimate is supported by new data analyses conducted since the development of the Phase I
document. Recent studies that evaluated fish consumption on waterbodies similar to the Hudson
River clearly demonstrate that differences in waterbody and population characteristics must be
considered if fish consumption is to be properly quantified. Continued use of default values (EPA,
1991) will only exaggerate potential human health risks to recreational anglers.

The most appropriate method to evaluate fish consumption is through the use of a probabilistic
exposure assessment using synthetic life history or Microexposure Monte Carlo analysis. This
type of analysis can account for the variations in fish consumption of individual anglers. GE
believes EPA needs to adopt the approach. Furthermore, GE believes that the distribution of fish
consumption rates used in the probabilistic risk assessment should be that developed by Ebert et al.

(1993).
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Abstract. - In deriving water quality standards and appropnate restoration levels for contami-
nated surface waters, the potential for human exposure is often the most important factor 1o be
considered. For ccriain persistent compounds. like 2,3.7.8-tetrachiorodibenzo-p-dioxin (TCDD)
or mixtures of polychionnatied biphenvls, a primary pathway of human exposure is through in-
gestion of fish obtained from aflected watcers. Pending water quality regulation for TCDD in Maine
required that estimates be made of the rate of consumption of freshwater fish obtained from nvers
that receive TCDD discharges. Because commercial freshwater fishers do not exist on Maine nvers,
any freshwater fish that are eaten have been caught by anglers. A statewide mail survey of Maine's
licensed anglers was undertaken 10 characierize rates of fish consumption from nivers and streams
in Maine. The survey was mailed to 2.500 licensed resident angiers who were randomly selecied
from state license files. The response rate of 70% (based on deliverable surveys) resulted in a usabie
sample of 1,612 angiers, Results of this study indicated that, if fish are shared with other fish eaters
in the household, the annuai average consumption of freshwater river fish per consuming angier
in Maine is 3.7 g/d. Comparisons of findings of this study and of studies in other regions of the
United States show considerable variations in fish consumption rates, supporting the use of siate-
or region-specific estimates of fish consumpuion in establishing water quality regulations for per-

sistent, biologically accumulative compounds.

As sociely attempts to reduce the amounts of
contaminants released into surface water re-
sources, and to determine appropnate restoration
leveils for contaminated waters. a critical consid-
eration is the quantity of fish that the public con-
sumes from those waters. Ingestion of freshwater
fish is potentially the most common pathway of
human exposure 10 certain chemical contaminants
in surface waters (Rifkin and LaKind 1991). Rec-
ognizing that a relationship may exist between the
presence of contaminants in surface waters and
uptake by humans through fish ingestion is only
the first step in developing water quality regula-
tions. It is also necessary 1o determine the quan-
tities of fish consumed, the levels of chemical con-
taminants in the fish tissues consumed, and the
potential toxicity to humans who consume those
fish (Sherman et al. 1992). While the health effects
of cernain compounds have been siudied exten-
sively, and levels in fish are frequentiy monitored,

estimates of fish consumption from specific water
bodies are not readily available (EPA 1992). This
lack of data is due largely 1o the fact that fishery
managers and natural resource agencies are pri-
marily concerned with controlling harvest and not
with the final disposition of the harvest. Moni-
toring the consumption of freshwater fish often
does not come under the direct purview of any
public agency.

An example of this limitation.is the recent rule-
making process 10 set an ambient water guality
standard for 2.3.7.8-tetrachiorodibenzo-p-dioxin
(TCDD) in Maine's rivers. Because there are no
commercial freshwater fisheries in the state. only
those individuals who consume sport-caught fish
have the potential 1o be exposed to TCDD in the
fish from Maine's impacted rivers. Thus, esti-
mation of angler consumption of freshwater fish
from affected rivers was critical to the rule-making
process tn Maine.
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TanLe |, —Existing fish consumption esumates (mean g d per person). Numbecrs 1n parentheses are median values.
Consumption cstimates from studies on the U.S. population are per capita.

'\ol:, ;\s:cs Manne-¢estiuanne fish Freshwaler fish
Consumers all All Spori- All Spon.
Reference studhed sources? sources? caught® sources? caught®
Fiore et al. (1989) Wisconsin anglers 26 12
Honstead et al. (1971) Columbia River anglers 7.7
Javiiz (1980) U.S. populaton 14¢
Landoit e1 al. (1985) Washingion angiers (15¥
NYSDEC (1990) New York anglers 28
Pao et al. {1982) U.S. populauon (37)
Pierce et al. (1981) Washington anglers (239
Puffer et al. (1981) Califorma anglers 7
Rupp et al. (1980) U.S. populauion 16 14 [
Soldat (1970) Columbia River anglers 1.8
Turcotte (1983) Savannah River angiers 3
18 7"

West et al, (1989) Michigan anglers

2 All sources inciudes fish purchased in stores and restaurants as well as recrcationally caught fish.

® Sportcaught includes only fish that have been obtained by angling.
¢ Estimate based on Monte Cario simulation using frequency distnbutions for edible weight of fish. fish per tnp, tnps per vear. and

household size.
9 EPA (1989b) estimate.

¢ Based on harvest estimates; no correction for sharing of harvest.
f Esumated value based on data presented 1n Table 19 1n West ¢t al. (1989).

There are several reasons why the existing fish
consumption estimates derived elsewhere could
not be used to infer freshwater fish consumption
in Maine. First, fish consumption studies by Javitz
(1980), Rupp et al. (1980), Pao et al. (1982), and
NYSDEC (1990) did not distinguish between the
consumption of commercially harvested and re-
creationally harvested fish (Table 1). Thus, the fish
consumption estimates from these studies include
purchased and sport-caught freshwater and salt-
water fish. Consumption of saltwater species was
not relevant to the TCDD risk assessment for
Maine’s rivers, and there are no commercial fresh-
water fisheries on Maine's rivers.

Second, studies by Pierce et al. (1981), Puffer et.

al. (1981), and Landolt et al. (1985). although fo-
cused on consumption of sport-caught fish, gave
consumption estimates for marine or estuarine
fishes. There are no data available 1o evaluate the
comparability of consumption of recreationally
caught saltwater fish with consumption of recrea-
tionally caught freshwater fish.

Third, only six studies specifically estimated
consumption of freshwater fish (Soldat 1970; Hon-
stead et al. 1971; Rupp et al. 1980: Turcotte 1983;
Fiore et al. 1989; West et al. 1989). Of these stud-
ies, only four reported consumption rates for sport-
caught fish, and only three estimated consumption
of sport-caught fish from riverinc fisherics. The
river studies were conducted in the Pacific North-
west {Soldat 1970; Honsticad et al. 1971) and the
southeastern United States (Turcotte 1983). These

studies demonstrated considerable variation in es-
timated consumption; mean rates ranged from 2
to 31 g/d per person.

Theréfore, 10 estimate consumption rates of re-
creationally caught freshwater species in Maine,
we conducted a statewide mail survey of licensed
resident anglers. We have identified potential is-
sues in developing fish consumption estimates that
we hope will stimulate research 10 enhance the
validity and reliability of future fish consumption
estimates. It is also our intent to raise fishery bi-
ologists’ awareness of the need for estimating fish
consumption rates so that future studies of fishing
effort. when possible, will include estimates of har-
vest and consumption.

Methods
Sample Selection
Freshwater fish consumption was estimated for
adult anglers who held a Maine resident, inland
fishing license.! Nonresident angiers were not in-
ciuded in the sample because prior rcsearch in-

V' All aduit anglers (2 16 vears) arc required 10 obtain
3 fishing license o fish Maine's inland waters. cyeept
members of the Penobscot Indian Nation, who can fish
nverine waters adjacent 1o seiccted portions of their land
without a license. The Penobscots must obtain a «'m
plimeniary licensc to fish all other riverinc and stand.ne
waters in the state. Holders of these complimentan it
censes were represented in the sample.
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dicated that there is substantatly more ¢tTort cach
year by resident anglers. and resident anglers are
more likelyv 1o fish in Mainc every vear (Bovle et
al. 1989). By sampling only licensed resident an-
glers. consumption data were collected for the sub-
sct of licensed anglers who. as a group. were be-
lieved to have the greatest potenual opportunity
for exposure to TCDD.

A sample of 2,500 licensed resident anglers was
randomly selected from Maine's license files. Prior
research indicated that participation in warmwa-
ter fishing is substantially lower than parnticipation
in coldwater fishing in Maine, and that the warm-
water species with the lowest participation rates
were vellow perch Perca flavescens and white perch
Morone americana (Phillips et al. 1990). Multi-
piyving the inverse of the combined rate for par-
ucipation in yellow perch and white perch fishing
by the desired number of consumption observa-
tions for perch (100) led us to conclude that we
nceded to receive 1,363 completed surveys. To

determinc the sample size necessary 1o ensure this .

number of responses. we assumed that 90% of the
mailed surveys would be deliverable. that 90% of
the 1989 license holders fished in 1990, and that
the survey response rate would be 75%. This re-
sulted in a required sample size of approximately
2.000. An additional 500 anglers were added to
the sampie 10 compensate for an unknown per-
centage of Maine anglers who practice catch-and-
release fishing or do not consume fish. This pro-
cedure ensured that the number of consumption
observations for all other fish species of interest
would exceed those for ycllow perch and white
perch.

Because inland fishing licenses are valid for one
calendar year, and recording of license sales is not
compieted by Maine's Department of Inland Fish-
eries and Wildlife (IF&W) until March of the fol-
lowing year, the sample was selected from among
all angiers who held a 1989 fishing license. This
process resulted in a sample of anglers who held
licenses in both 1989 and 1990. Boyle et al. (1990)
surveyed resident anglers licensed in 1987 regard-
ing their open-water fishing effort during 1988 and
found this sampling method to be valid.

The mail survey was pretested with 50 random-
ly selected anglers. Telephone interviews were
conducted with 40% of the pretest participants t0
icarn if they had difficulty in answering or under-
standing any of the questions. Final revisions were
made to the survey, based on responses 10 the
telephone interviews and revicws of returned pre-
tcst mail surveys.

739

All open-water fishing 1n Maine closes on Oc-
tober 31. However, because open-water fishing for
most Maine waters (all but one river) closes on
September 30, the survey was implemented in mid-
October 1990. Posicards were sent | week later,
thanking those who had aircady returned the sut-
vey, and asking thosc who had not yet returned
the survey 10 do so. Three weeks later. on Novem-
ber 7. 1990. a follow-up survey packet was mailed
to 1,111 anglers who had not vet responded, and
the recipicnts werc asked to complete and return
the survey by December 3, 1990,

Survey Design

The design of the survey focused on asking an-
glers to report the disposition, particularly con-
sumption, of freshwater fish they caught in Maine.
This strategy differed from some of the previous
fish consumption studies wherc survey respon-
dents were asked to report the number of fish meals
they ate each week (Javitz 1980; Fupp et al. 1980;
Paoetal. 1982; West et al. 1989;: NYSDEC 1990).
To address the TCDD issue, it was important to
know where the fish were caught and to exclude
fish consumption from sources other than Maine's
freshwater (i.e.. saltwater species or freshwater
species purchased at the market). Only 320 km of
Maine's rivers, less than 1% of all riverine envi-
ronments in Maine, were potentially contaminat-
ed by TCDD. Therefore. 10 obtain a usable sampie
and to provide an appropnaie contexl. anglers were
asked about their fish consumption from Aowing
(rivers, streams. and brooks) and standing (lakes
and ponds) water bodies.

Each respondent was asked to report how many
trips had been made to ice fish, open-water fish in
standing waters, and open-water fish in flowing
waters during the last completed season. Anglers
were also asked to report the number of each spe-
cies of fish caught during the 1990 open-water
season and the 1989~1990 ice-fishing season. For
fish caught during open-water season. anglers were
asked to report the number of fish consumed for
cach of 15 groups of species, and to identify the
number taken from flowing or standing water bod-
ies. Anglers were also asked to estimate the average
length for each species of fish that was eventually
consumed. In addition to those fish caught by the
responding angler, the respondents were asked to
describe the number. specics, and average length
of each spori-caught fish they had consumed that
had either been obtained from other members of
their houscholds or from individuais outside of
their households.

801100



T

-l

LBERT LT AL

Ttk 2. —Regression paramcters for weight=lengih cquations and cdible portion () of hish species harvested by

reshwater anglers in Maine. NR = not reported.

Regression Leneth
Species Intereept Slope tmm) and lucation Source® I

Landlocked salmon (lacustrine 3145 30353 27730 Rosers and fakes. Minne IF&W N 404
Atlanug satmon Sa/mo ulur)

Atlantc salmon -3038 oo NR U nspecified. Scotland Cartander (1969 030

Lake trout 5879 Y306 90-830  Rasers and lakes. Maine IF&W (30
Satvelinus namaveush

Brook troul -3054 3022 150-750  Rivers and lakes. Maine IF&W 030
Safvelinus fonninalis

Brown trout Sa/m truttg -5.096 3037 167-936  Rivers and fakes. Mamne IF&W 0.30

Yellow perch -1.519 2,390 127-320  Rivers and iakes. Maine IF&W 030
Porca flavescens

White perch -5273 2177 100-457  Rivers and lakes. Mainc IF&W 0.30
Morone americana

Largemouth bass -3.844 2606 209-686  Ruvers and lakes. Mamne IF&W 0.304
Micropterus salmmdes )

Chain pickerel Esox mger -5 491 1098 229-566  Unspeaificd. Flonda Carlander (1969) 030

Lake whitefish -5677 3.241 NR Lake Supcnor, USA-Canada Carlander (1969) 0.30
Coregonus clupeafornus

Brown builhead -35.06) 3065 152-192  Lake Butic des Mones. Carlander {1965 030
Amewurus nebulosus Wisconsin

White sucker -5 395 223 NR Shadow M1t Lake. Colorado Carlander (1969) 030
Carostomus commersont :

Creek chub - -1.972 2.98 NR Des Moines River, lowa Carlander (1969) 0.30
Semotdus arromaculatus

Rainbow smelt -6.2 340 80-220 5 lakes in the Scbago region.. IF&W 0. 784
Osmerus mordax Mainc

Redbreast sunfish -3.6% 10t NR Unspecificd. Alabama Carlander (1977) 0.30

Lepomus auritus

3 Represents the range of iengths of fish used for the regression analysis.

b [F&W = Maine's Depaniment of inland Fisheries and Wildhife tunpubhished data).
¢ Portion of whole fish that is edible. based on EPA (1989b). except where noted.

9 Based on Maine-specific data collected by ChemRisk {unpublished data).

Estimating Fish Consumption Rates

The total weight of freshwater fish from each

source that was consumed within each respon-
dent’s household was estimated from respondent-
provided daia on quantity and average length of
each fish species caten that was obtained as a result
of the respondent’s, other household members'.
and nonhousehold members’ fishing activities. The
weight of fish consumed for each species group
was estimated as follows:
C =Q x W, x E; (1
C, = total weight (g) of species group  con-
sumed within the angler's houschold:
@, = number of fish of species group ¢ con-
sumed within the angler’s houschold:
I, = weight (g) per fish of specics group /. based
on rcporied average iength (iengths were
reported in inches but converted 10 mil-
limeters):
I, = portion of fish weight that 1s cdible for
SPCCICS group /.

Data on the number of fish consumed were di-
rectly obtained from survey responses. The weight
was predicted by using the reported average lengths
from the survey and length—weight regression
equations estimated by IF&W based on several
vears of length and weight measurements from
rivers and lakes in Maine (Table 2). For those
species for which Maine-specific equations were
not avatilable. the appropriate relationships were
obtained from Carlander (1969. 1577). ’

Because not all of a fish is edible. it was necessary
to characterize the edible portion of a whole fish
(F)). Stansby and Olcott (1963) reported that com-
mercial filleting of finfish yicids between 20 and
40% ediblc tissue and that actual yicld depends
upon the species. The EPA (1989%a) has recom-
mended that 30% be used to characierize the ed-
1ble ponion of finfish.

Toexplore the range and variability ol the cdible
portion, studics were undertaken 1o estimale the
cdible portions (filicts) of smallmouth bass /i
cropterus dolonuen and landlocked salmon in
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Mame Twentvaanvo smallmouth bass were col-
lected from two Mane nivers and 12 landiocked
salmon were coilected from one river The whole
fish were weighed and then caretully fiticted 10
remove as much flesh from the bones as possible.
Fillets from cach tish were then weighed. and the
fitlet werght was compared with the whole-body
weight for that fish to determine the edible portion.
For smalimouth bass. the mean edible portion was
30%. with a 90% confidencc interval ranging from
27 10 30%. The mean edible portion tor landiocked
salmon was 37% with a 90% confidence interval
ranging from 36 to 39%. For the current analvsis,
the results of the landlocked salmon analysis were
used 10 assume cdible portions of 40% for land-
locked salmon and Atlantic saimon. The EPA
(1989a) recommendation. confirmed by the small-
mouth bass anaiyvsis. was usced 1o assumc an cdible
portion of 30% for all spccies 1in Table 2 except
rainbow smelt. For this species. we assumed that
half of those consumed were caten without the
head or viscera. and half were eaten with the viss
cera but without the head. Rainbow smelt data
were not available. but for landlocked salmon. the
body without the hcad and viscera represented
68% of the whole fish weight and the body without
the head represented 8 7%. givingan average cdible
portion of 78%. This average valuc was used for
rainbow smelt.

The 1otal freshwater fish weight consumed from
Maine rivers and streams by the angler and other
people in the household was then calculated as the
sum of C, for the 15 groups of specics. Daily fresh-
water fish consumption for each individual re-
spondent was estimated by summing the source-
specific rates (e.g.. open-water fishing. 1cc fishing),
and then dividing by the number of fish consumers
restding in the respondent’s houschold and the
number of days in a vear. To csumaie rates of
consumption from rivers and sircams. cquation
(1) was used but Q, and H’, were based only on
fish that had been reponedly harvested from rivers
or streams during the scason.

Qur initial analysis of consumption rates was
based on the assumption that all frcshwater fish
obtained for consumption by the angler were shared
cqually with other houschold members who con-
sume fish. This assumption was also used by Puffer
ctal. (1981)and is the approach supported by EPA
{1989a). Some rescarchers have divided 1otal fish
consumed by the total number of persons in the
houschold to obtain per-capita fish consumption
cstimates (Picrce et al. 1981 Landolt et al. 1985).
Wherceas this approach mayv be reasonable for ¢s-

umaungconsumption of manine species: 1t is ques-
tonable for estimating consumption of freshwater
fish becausce the pereentage of the population that
cats freshwater species 1s generally lower than the
percentage that consumes marine fish (Rupp et al.
1980}, We also conducted a sensttivity analyvsis to
consider the impacts of different assumpuons about
sharing on consumpuon rate estimates. Three sce-
nanos were considered: (1) all houschold fish con-
sumers cal an-cqual share of consumed fish; (2)
only adults 1n the household consume fish: and (3)
the angler alone consumes all of the fish reported.

Stausucal analyses were conducted without as-
suming a disinbutional model. Because of certain
physical imitauons (e.g.. the high number of zero -
consumecrs and hmited number of high consum-
crs). fish consumption data do not fit a standard
distribution model. To force a it of these data to
a standard model would obscure the true nature -
of the distribution.

Results

In total, 1.612 surveys were compicied and re-
turned. representing 70% of the deliverabie sur-
vevs, Of these. 1.251 (78%) of the respondents
rcported having fished during the 1990 open-water
scason or the 1989-1990 icc-fishing scason. Also,
118 individuals did not fish but consumed (resh-
water fish caught by other anglers. cither within
or outside of their households. These 118 respon-
dents. with the 1.251 who fished. constituted the
1.369 angler observations (85% of 1o1al responses)
uscd in data analyses.

In total, 599 (44%) of the respondents indicated
that they ice fished. and 1.127 {82%) of the re-
spondents participated in open-water fishing dur-
ing the period of interest. Of the individuals who
open-water fished. 93% reported having fished in
ponds or lakes and 66% reporied having fished in
streams and rivers.

Twenty-three percent of all anglers surveved re-
ported that they consumed no freshwater fish
caught in 1990. Forty-three percent of the niver
anglers indicated that they did not consume fish
from rnivers or streams during the 1990 scason.
and 19% of river anglers consumed no freshwater
fish from any source during that perod.

The median fish consumption per angler for
those who had caten fish was 2.0 g d based on
catch from atl waters and 0.99 g7d basced on fish
laken from floming waters (Table 3) The anth-
meic mean consumption by consuming anglers
was 6.4 grd (all watersy and 3.7 g-d (llowing wa-
ters). These artthmictic means represented the " 7th
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Tt 3 = Estumates ot fish consumpuon tg & per per-
sant by anglers heensed 1o fish in Mamne's lakes ponds,
streams. and rivers during the 1989-1990 1 ¢ce-inhung or
1990 open-watcr scasons. Estimates are bascd on rank
except tor those of amhmetic means.

All walers
Con. Rivers und streams
All suming Cone
anglers®  anglers® River \uning
N = (V= angicrs ungiers?
Percentile 1.369) LOSHY (V=730 1\ - 364
50th (median) 1 20 (AL 199
66th 26 4.0 071 1.X
751h 42 5.8 13 23
90th X} 13 17 [
95th M| 26 6.2 12
Anthmetic mean® 5.0 6.4 1V i
(79 (17 (82} 81

A Licensed angiers who tished during the scasons studicd and did
or did not consume freshwater tish. and hicensed angicrs who
did not fish but ate treshwater fish caughl in Marne duning

1those scasons.
b Licensed anglers who ate freshwater fish caughtin Maine duning

the scasons studied.
¢ Those of the all angicrs™ categony who lished on tivers or

streams.
9 Vaiues tn parcntheses are percenties 2l the mean consumpuion

Tates.

and 81lst percentiies of the consumption distri-
butions. respectively.

Consumption estimates varted depending on
how fish were sharcd among houschold members
(Table 4). If we assumed that only the angler ate
all of the fish consumed. then median ratcs in-
creased by roughly a factor of 2.5 rclative to the
scenario in which fish are shared by ail houschold
fish consumers. If we assumed that fish werce shared
by adults in the household. median consumption
estimates increased by approximately a factor of
1.2.

Discussion

The EPA (1989b) has recommended that when
data on local consumpuion are not avasiable. a
default value of 30 g/d per person “be used to
represent consumption rates for recreational fish-
¢rmen inany area wherc there s a large water
body present and widespread contamination is cv-
ident.” This rate is the average of the median con-
sumption rates derived 1n two studics of marine
anglers (Picrce et al. 1981: Pufler evat. 1981). Ap-
plication of this ratc to TCDD rule-making for
Maine's rivers 1s inappropriate becausce 1t is based
on the consumption of marine species. Further-
morc. TCDD discharges arc not widespread in
Mainc. but rather affect only 320 (0.5%) of the
59.500 km of rivers and streams in the state. In
1ts recently proposed document cniitied “Esti-
mating Exposures to Dioxin-Like Compounds.”
EPA (1992) has revised its approach 1o esumating
fish consumption from a single small water body
and has indicated that a consumption estimate
ranging from 1 to 4 g‘d may be more appropriate
under these circumstances.

The results of the Maine angler survev dem-
onstratc a median consumption per consuming
resident sport angler of 2.0 g/d for all {reshwater
finfish and 0.99 g/d for fish from tlowing bodics of
water. Both of these estimates are considerably
lower than the median value of 30 g’d previously
reccommended by the EPA, but fall within the re.
vised EPA recommendation of 13 g/d.

These consumption estimates fali at the low end
of the range of reported consumption estimates
for freshwater fish in other geographic locations
(Tabie 1). Although differences could be due to
survey methodology. average lengths of fish and
harvest rates reported by survey respondents were
consistent with IF&W data. Thus. we believe that
these differences are likely due to differences in

TaBLE 4.~ Scnsitivity analyses of the cffects of assumpuions about sharing of fish among houschold members on

estimated consumption rates (g/d per person).

All houschoid

Anglers are only

consumers share Only adults share consumers: no shanng
Rivers and Ravers and Rivers and
Percentile All waters streants All waters streams All waters steeams
50th (median) 2.0 09y R 1.2 5.0 2.5
66th 4.0 18 44 20 91 41
751h 5.8 28 LX) 30 1} 6|
90th [ ! 6t 63 2 14
95th 26 12 M1l 57 -
Arnthmetie mean® 63(1T) YTh T8I 4 5(N3y 15 (7R NY (kY

4 Values 1n paccntheses are poreentdes at the mean consampuon rates
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catch rates. tish size. and length of fishing seasons
in Maine relauve to other geographic locations.
The magnitude of varauon of fish consumpuon
estimates reporied in Table | demonstrates that
fish consumption does vary geographicalivand un-
derscores the need to develop more extensive data
on fish consumption so that regional vanations
can be considered.

It is important to recognize that consumption
1s itkely overestimated in the current study for the
purposc of TCDD rule-making in Mainc. First.
the study was designed 10 coliect data on con-
sumption from all flowing bodies of water. and
not just the 320 km of contaminated water. Thus.
although individuals may fish in affected river
rcaches some of the ime. it is highly unlikely that
all fishing cffort is focused on these waters. par-

~ uicularly because there are numerous alternative

fisheries in close proximity to each river. Over
80% of Maine’s resident anglers fish two or more
bodies of water each vear. approximately 60% fish
three or more. nearly 40% fish four or more, and
most riverine fishing in Maine occurs in head-
waters and small streams and brooks. not in main
stems of larger rivers where TCDD may be present
(K. J. Boyle. unpublished data). Consequently.
whereas the estimates for rivers and streams in-
clude all consumed fish from rivers and streams
during the season, it is likely that only a portion
of the consumption can be attributed 10 a single
water body.

Second. in a study done for the U.S. Fish and
Wiidlife Service. Westat (1989) reported that
6-month or t-vear recall pcriods produce "'sub-
stantial overestimates’ of fishing participation (sce
also Chu et al. 1992), If participation estimates
arc overstated in a 6-month 1o |-vear recall study.
it may also be reasonable to assumc that con-
sumption is overestimated due to recall bias. To
date. there have been no studics specificalliy con-
ducted for the purpose of cvaluating recall bias in
fish consumption surveys. This issuc needs to be
addressed in futurc studies of fish consumption.

Although fish consumption may be estimated
by equating it to harvest. this approach inappro-
priately assumes that all harvesied fish are con-
sumed by the angler. In fact. we found that ap-
proximately 30% of the harvesied fish were either
thrown away, given away. used as bait. or fed to
pets. Furthermore. anglers may share catch with
friends or family members. Thus. cquating the
amount of fish harvesied with consumption, even
il adjustments are madce for the edible portion.
will overestimate fish consumption.

As noted cartier. sonie rescarchers have asl
respondents to recall the totl number of fish me
consumed over a pertod of ume and to estim
the average size of those meals (West et al. 19
NYSDEC 1990). Thus approach was not used
the current study because 1t was critical to colt
information on the sources of the fish consum
Anglers were surveved. rather than other hou
hold members. because it was believed that tt
would be best able to accurately repon where |
fish had been caught. This is an important ist
for future rescarch in that anglers mav be able
accuratcly report catch location. a critical 1ssue
contamination studies. but may not accurately
pon consumption by all houschold members. »
ternauvely, houschold members may be able
report their consumption habits but may not
able 10 idenufy the locauions from which the fi
have been obtained. .

Other issues that require further invesugat
when assessing cxposure 10 chemical contan
nants tn fish are the sizes of fish consumed. 1
number of individuals who share in consumptic
and the species consumed. Consideration shot
be given to the household member who consusr
the largest quanuty of fish. and the sex and a
composition of fish consumers. Estimates of ¢
posure must also consider the differences amo
species in their potentials to accumulate chemi
contaminants in their tissues. Anadromous S
cies such as Atlantic salmon and rainbow sm
are likely to have low body burdens of chemi
contaminants, whereas other species indigeno
1o riverine environments. such as white perch. v
low perch. brown bullhead. creek chub. and wh
sucker. may have larger body burdens of chemig
contaminants. All of these factors. aithough
necessary in estimating total fish consumpuion. m
be crucially important in asscssing cxposures d
to fish consumption.

The need to develop fish consumption cstimat
15 not mouvated solely by a single contanmina
like TCDD but also arises for numerous other €0
1aminanits in aquatc ecosvsiems. I fish consum
tion levels for parucular types of water hodies
specific regions of the country are known it w
be possible to assess human cxposure to any ¢o
taminant once the concentration tn cdible fish
suc has becn determined. The specific contam
nant being addressed will. however. denne o

location and extent of fish consumpuion Jdatd r
quired. Therefore. regular collection ol hish w0
sumption data as a part of the fishery manaece
process will enhance future assessmenis ot oele
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ual contaminauon and the ultimate restoration of

contaminated walcers.

Regulators arc ofien faced with multiple factors
that need to be considered in rule making. includ-
ing public health risks. the sizc of the potenually
affected population. and social factors. Unneces-
sanly sinngent water quahty standards could re-
sult in substanual economic and social costs. The
methodology used in this study allows cstimates
of consumption to be derived for each respondent.
It provides rcgulators with a full distribution of
consumption estimates to be used in the decision-
making process. The selection of the most appro-
priaie consumption pereentile 1o be used can then
rightfully be made as pant of the risk management
or policy deciston.
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SELECTION OF FISH CONSUMPTION ESTIMATES FOR USE
IN THE REGULATORY PROCESS

ELLEN S. EBERT, PAUL S. PRICE, AND RUSSELL E. KEENAN

ChemRisk — A Division of McLaren/Hart
Portland, Maine

The rate of fish consumption is a critical parameter in the assessment of human
exposure to persistent chemicals in surface waters. ldeally. exposure assessors
should use site-specific information concerning fish consumption rates from a
contaminated area; however, this information is not readily available for most
bodies of water, and time and economic consitraints often do not permit its
collection. In such situations, it is necessary to derive a fish consumption rate
for the exposed population, based on data presented in existing studies. However,
because of differences in the tyvpes of waterbodies evaluated, the rypes of fish
consumers surveved, .and the types of survey methods used. the fish
consumplion estimates available in the scientific literature range widelv, making
selection of a specific rate a complex task. In the absence of clear understanding
of the differences in the studies underlying these fish consumption estimates,
exposure assessors have often arbitrarily selected the results of siudies that report
high rates of intake in order to ensure thar public health is being adequately
protected. This paper presents a framework to evaluate the applicability of
existing studies to different exposure scenarios. It discusses the sirengths and
limitations of the various survey methods used to estimate fish consumption
rates. Its intent is to provide a framework for exposure assessors to assist them
in their selection of the most applicable and relevant fish consumption estimates
for use in the regulatory situation being considered.

INTRODUCTION

The most significant pathway of potential human exposure to persistent and bioaccumulatable
chemicals in aquatic environments is through the ingestion of fish (Rifkin and LaKind, 1991).
In an effort to assess whether the presence of these chemicals in surface waters may adversely
affect public-health, it is often necessary to characterize the potential for human exposure

1. Address ail correspondence to: Ellen S.. Ebert. ChemRisk — A Division of McLaren/Har,
Stroudwater Crossing, 1685 Congress Sireet, Portland. ME 04102, Tel: (207) 774-0012
Fax: (207) 774-8263.

2. Abbreviations: cm, centimeter; EPA, United States Environmental Protection Agency. g.
grams; g/d, grams per day; kg, kilogram; km. kilometer; NMFS, National Marine Fisheries Service.
NPD, National Purchase Diary; NYSDEC. New York State Dcpartment of Environmental
Conservation; USDA., United States Depantment of Agriculture.

Journal of Exposure Anslysis and Environmental Epidemiology, Vol 4, No. 3. pp. 373-393
Copyright T1384 Princeton Sclentitic Pubiishing Co., inc.
ISSN: 1053-4245
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consumption, based on the populations of concern and the number. types. and sizes of
fisheries being considered. It also provides insights into the differences and limuations of the
survey methodologies and the inherent biases of each. thereby providing exposure assessors
with informaton that will assist them n their interpretauon of the applicability of specific
survey results. Its intent 1s to provide guidance for exposure assessors in their selection of the
most applicable and relevant fish consumpuion estimates for the specific situations being

evaluated.

SOURCES OF VARIATION IN FISH CONSUMPTION ESTIMATES

There are a number of factors responsible for the large variations in rates of fish consumption
found in the scientific literature. Generally, these variations are attributable to the survey
methodology used. the type of waterbody studied, and the characteristics of the populations
evaluated. Some of these sources of variation are discussed below.

Targeted Populations
A major difference among studics of fish.consumption is atrrbutable to the population being

surveyed. Some studies have investigated fish consumption rates in the general population
(Javitz, 1980; Rupp et al., 1980; USDA. 1980; Pao et al., 1982), while other studies have
reported rates of consumption by recreational anglers (Soldat, 1970; Honstead et al., 1971;
Pierce et al., 1981, Puffer et al., 1981; Turcotte, 1983; Landolt et al., 1985, 1987; Cox et al.,
1985, 1987, 1990; Fiore et al., 1989; West et al., 1989; NYSDEC, 1990; ChemRisk,
1991a,b; Connelly et al., 1992; Ebert et al., 1993. Richardson and Currie, 1993). Rates of
fish ingestion are likely to differ between the general population and the population of anglers
(EPA, 1991). Even within the angling group, rates are likely to be variable due to the fact
that some anglers consume no sport-caught fish, some consume only sport-caught fish. and
others consume both sport-caught fish and fish from other commercial sources. This is
apparent in evaluating the fact that some studies have investigated anglers’ intakes of fish
from all sources, including purchased. gift. sport-caught, and that consumed at restaurants
(West et al., 1989; NYSDEC, 1990), while other studies have reported on the rate of sport-
caught fish consumption (Honstcad et al.. 1971; Soldat, 1970; Pierce et al., 1981; Puffer et
al., 1981; Turcotte, 1983; Cox et al., 1985, 1987, 1990; Landolt et al., 1985 1987,
Connelly etal., 1992; Ebert et al., 1993). In addition. some differences in the literature can be
attributed to the fact that certain researchers have focused on consumption by subpopulations
known to have higher than average intakes (Humphrey, 1987. Richardson and Currie, 1993).

Targeted Waterbodies

In some studies, the rate of sport-caught fish consumption reported by anglers may include
marine and estuarine fish (Pierce et al., 1981; Puffer et al., 1981, Landolt et al., 1985, 1987).
Other studies specifically evaluate consumption of freshwater fish but inciude fish obtained
from multiple freshwater locations (Cox et al., 1985, 1987, 1989; Fiore et al.. 1989;
Connelly et al.. 1992: Ebert ¢t al.. 1993). Still other surveys have only considered
consumption of sport-caught fish from a single body of water (Soldat. 1970; Honstead. 1971
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Turcotte, 1983, ChemRisk, 1991a). Surveys conducted for individual waterbodies arc greatly
affected by the productivity of those waters and the availability of access for fishing.
Consequently, there is substantial variation in the resulting estimates of intake.

Regional Considerations

In evaluating the reported estimates of fish consumption for anglers. a further complication is
introduced by the existence of regional differences in climate, fishing regulations (e.g., length
of season, bag limits, etc.), accessibility to good fisheries, availability of desirable target
species, and ethnic or cultural backgrounds. These factors may contribute to variations in
reported fish consumption rates. Individuals living in coastal areas are more likely to consume
higher quantities of marine fish and lower quantities of freshwater fish while individuals living
in tnland regions of the country may consume more freshwater fish (Rupp et al., 1980). Due
to the migratory patterns of fish. certain species may be available commercially and
recreationally year-round in certain regions of the country, but only for limited periods of time
in others. Additionally, in some stat:s or on certain bodies of water, fishing may be permitted
on a year-round basis, while in other cases, the fishing seascn is restricted. Finally, fisheries
may have catch and release restrictions or limits on the numbers, species, and sizes of fish
that may be harvested during the season. All of these factors can significantly effect the rate at
which anglers may consume sport-caught fish.

Biases in Consumption Survey Methodologies

Numerous survey types and methods, each with its own inherent biases, have been used to
estimate fish consumption rates. These biases can contribute substantially to the variations
observed in consumption estimates. The most common methodologies include diary studies,
on-site creel surveys, short-term recall surveys, long-term recall surveys, and biological
monitoring techniques. Each of these survey methodologies offers distinct advantages and
limitations that must be considered when evaluating the fish consumption rates that are

derived from them (EPA, 1991).

Diary Studies. Many of the most commonly cited estimates of fish consumption have been
based on diary studies. In the 1973/1974 National Purchase Diary (NPD) Study, which
underlies the rates reported by Javitz (1980) and Rupp et al. (1980), heads of households were
asked to complete a diary of fish purchases each month over a 12-month period. Similarly, the
data reported by Pao et al. (1982) were based on a 3-day study conducted by the USDA which
included one day of recall and two days of diary entries. Long-term diary studies, like the NPD
study, are a useful way of determining per capita rates of fish consumption by the general
population. If study participants are diligent in recording the numbers. types, and sizes of fish
meals consumed, excellent estimates of annual per capita fish consumption can be derived.

Short-Term Recall Surveys. Short-term recall surveys are the best possible means of
gathering accurate information on fishing and consumption activity for a specific period of
time. Like long-term surveys, they are generally used to provide information on total
consumption over the recall period. However, the extrapolation of annual or other long-term
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intake rates results in additional uncertainty when based on short-term recall surveys,
parucularly for the upper and lower ends of the intake distriibution.

The reason for this 1s as follows. Although an individual may consume fish at a rate in the
upper 5th percentile of the distribution during a specific brief period of time (such as a few
days or weeks), it 1s not necessarily true that the same individual will be an upper 5th
percentile consumer for each of the brief periods that make up an entire season. Rather. that
individual may only consume fish occasionally. may only be interested in consuming certain
species when they are available, and if the individual is an angler. is not likely to be equally
successful on every trip. The same uncertainty exists for anglers who have had no activity or
success during a single two-week period but may, in fact, have different behavior at other
times. It is likely that activity and consumption by individual anglers are highly variable
through the season due to weather, fishing regulations. differences 1n species availability, and
fluctuations in success rates for the individual angler. Although much of this variability tends
to be averaged vut in longer-term estimates, extrapolation from single-day or short-term
measurements can result in an overestimation in the inter-individual variation of annual intake
in a population (EPA, 1992b). Thus. short-term surveys may be uscful for characterizing the
central tendency in consumption rates but not the variance within the population.

Long-Term Recall Surveys. Long-term recall surveys provide an opportunity for individuals
to summarize thetr activities throughout a fishing season or calendar year. Thus, developing
estimates of annual intake from such surveys does not require that the data be extrapolated, and
the impact short-term variability in activity patterns is minimized. However, long-term recall
studies have potenual for recall bias resulting from the tendency of an individual 1o
systematically over- or underestimate his or her activities due to a difficulty in recalling detail
over a long period. Westat (1989) reported that recall bias in 6-month or year-long fishing and
hunting surveys results in overestimations of angler participation. By analogy, long recall
periods can be expected to lead to overestimated rates of fish ingestion.

Creel Surveys. Creel surveys can provide very accurate. waterbody-specific data on the species
and sizes of fish consumed but are limited as a basis for derniving longer term consumption
rates. As with the short-term recall survey, data collected in a creel survey only represent a
snapshot in time for each angler interviewed. Because each angler is only interviewed once
during the course of the survey, extrapolation to annualized rates requires that assumptions be
made concerning the angler's behavior during the remainder of the year.

In addition, creel surveys tend to over sample the most highly active anglers and under sample
the less active individuals. This occurs because the probability of participating in a survey is
much greater for frequent anglers who spend more time at a paniicular fishery (Puffer et al.,
1981; Price et al., 1994). Due to this sampling bias. consumption estimates based on creel
surveys are likely (o be representative only of more frequent anglers and are not representative
of the total population of anglers using the surveyed waterbody. Pierce et al. (1981)
demonstrated this phenomenon when they showed that approximately 60% of the angicrs
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interviewed indicated that they fished at least once per week. However, when the to1al
population of anglers using the body of water was determined, anglers who fished at least once
per week represented only 6. 8% of all anglcrs.

Biomonitoring. A final method of estimating fish consumpuon rates is the use of
biomonitoring data (Richardson and Currie, 1993). Under this approach, samples of hair,
nails, tissue, or bodily fluids arc taken from individuals known to consume fish from
contaminated waterbodies. The samples are anaivzed for the contaminants known to occur in
fish. Pharmacokinetic models are then used to determine the dose rate of the contaminant
necessary to produce the measured lcvels (or body burden). This dose rate is then converted to
a fish consumption rate based on the average level of contamination in fish tissue.

Biomonitoring offers a number of advantages in estimating fish consumption rates. There is
no potential for bias in the scif-reporuing of consumption rates since the effect of an
individual's intake is directly mcasured. In addition. the measuremen: of contaminant intake
also incorporates the individual's fish preparation and cookiag practices. Finally,
biomonitoring results reflect the individual's consumption over a long period of time (several

months or years).

Despite these advantages, the method also suffers from a number of limitations. The variation
in individual measurements of body burden across the population may reflect variations in
human metabolism of the contaminant or different chemical concentrations in the fish
consumed, rather than a variztion in the rate of fish intake. In addition, there may be other
sources of exposure to the chemicals of interest that could compound the problem. Because of
the multiple sources of variation, biomonitoring can only successfully provide estimates of
the average intake rate and cannot be used to accurately characterize the range or "high end" of
intake rate in an exposed population. The methodology is aiso limited to populations whose
only source of exposure to a contaminant is from the consumption of contaminated fish.
Finally, the approach requires the availability of a reliable, chemical-specific pharmacokinetic
model that can quantitatively predict intake from the measurements of an individual's body

burden.

SELECTION OF CONSUMPTION RATES

When selecting a fish consumption rate for regulatory decision-making, it is essential that
risk assessors carefully evaluatc the population that is potentially affected and select a fish
consumption rate that is relevant and applicable to that population. It is important to
recognize that total fish consumption by an individual is likely to include fish from a
combination of sources (Figurc |). An individual may buy marine, estuarine or freshwater fish
and shellfish from a local grocer or fish market. In addition. cenain individuals may consume
marine, freshwater or estuarine fish or shelifish they have caught personally. Finally.
individuals may consume fish that have been sport-caught by someone else and given to
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FIGURE 1. Total consumption of fish.

them. These fish may have been obtained from one or more bodies of water. Because total
consumption by an individual is comprised of the sum of the rates of consumption for each
of these components, estimates may vary substantially, depending upon which components
have been evaluated.

In light of this discussion, it is not surprising that a number of different consumption
estimates have been derived and are commonly cited in the literature or used as the basis for
regulatory decisions. To clarify the bases for these differences and to assist exposure assessors
in their selection of the most applicable estimates for their particular situations, the following
studies have been grouped according to the types of situations to which they are most

relevant.
General Population - Per Capita Estimates

If setting chemical residue levels for fish found in the marketplace is of primary interest, then
per capita ingestion estimates for the general population of the United States may be
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appropriate. It is important to note, however. that these per capita estimates include
nonconsumers of fish. Their inclusion may result in estimates that are not representative of

consumers.

These per capita estimates consider the population as a whole, for whom some fraction of the
consumed fish may be affected by chemical contamination. They include all types of fish
available to the general population: marine, estuarine, freshwater, fresh, frozen, and processed
fish from a number of geographic locations. Examples of these types of consumption
estimates include the following studies, which are summarized in Table 1.

TABLE 1. Fish Consumption Estimates for the General Population of
the United States

Consumption Rates (g/d)

Stwudy Mean ___ Median "High End"”

Per Capita Estimates — All Types of Fish ,
Javitz (1980) - , - 14 . — 42
Rupp et al. (1980} 13 o —_
USDA (1980) 21 —_ —

Per Capita Estimates — Specific Types of Fish
Rupp et al. (1980) marine fish 11® 7.3% 24bc
Rupp et al. (1980) shellfish 3.6° ob 11b¢
Rupp et al. (1980) freshwater fish 1.5° ' ob 5.15¢

Consumers Only — All Types of Fish
Pao et al. (1982) 54 37 128

* 95th percentile.
b Adults only.
¢ 90th percentile.

Javirz, 1980. In 1973-1974, the National Marine Fisheries Service (NMFS) funded a study by
NPD Research, Inc. (Javitz, 1980). Each month, individuals participating in this year-long
household diary study were asked to record all types of marine and freshwater fish and shellfish
meals consumed. Based on these data, Javitz (1980) estimated a per capita rate of consumption
that included individuals who did not consume fish, as well as consumers. No distinction was
made between the consumption of commercially-harvested and sport-caught fish.

Rupp et al,, 1980. Rupp et al. (1980) used the data generated from the NMFS diary survey to
estimate consumption of marine fish, freshwater fish, and shellfish for three different age
groups within the general population of the United States. Separate estimates of consumption
were derived on a regional basis. Although these estimates identified the specific types of fish
being consumed (marine, freshwater, etc.), they did not differentiate between commercial and
sport-caught fish. There was substantial variation among the region-specific consumption

estimates.
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USDA. 1980. From 1977 to 1978, the United States Department of Agricuiture (USDA.,
1980) conducted a survey of 37,874 individuals. This survey included one day of recall and
two days of diary records for each survey participant. Based on these survey data, USDA
reported a mean consumption rate of fish and shellfish. Because this survey did not target
anglers and did not differentiate between types of fish consumed, this estimate includes
consumption of all types of fresh, frozen, and processed. freshwater and marine, fish and

shellfish. .

General Population - Fish Consumers Only

Because per capita estimates of consumption for the general population of the United States
are averaged across all individuals, including those who do not consume fish. they may
underestimate rates for that portion of the population that eats fish. Thus, when seuting
chemical tolerances or establishing a generic standard, it may be preferable to use estimates of
consumption that are based on fish consumers only, to ensure that levels are adequately
protective of the population most likely to be affected.

Pao et al., 1982. Pao et al. (1982) used the data collected in the 1977-1978 USDA survey to
derive frequency distributions for the rates of consumption of different foods. Based on their
analysis of these data, Pao et al. reported median, mean, and 95th percentile consumption rates
for all types of fish and shellfish. These rates were based on data collected from individuals
who had eaten fish at least once during the 3-day study period. EPA (1989a) has indicated that
data from 3-day dietary records should not be uscd to estimate annual rates of consumption
because many individuals eat fish less frequently than once in three days.

Anglers - Fish from All Commercial and Recreational Sources

Because anglers may consume sport-caught fish in addition to commercially available fish,
they are generally assumed to have a higher rate of fish consumption than the general
population. As a result, many regulatory programs identify anglers as a subpopulation of
concern. Use of an angler’'s total sport-caught and commercial fish consumption rate is
appropriate when evaluating areas where contamination is widespread and where a number of
commercial and recreational fishertes are affected, because angler’s total fish consumption is
likely to include fish from both sources. Examples of studies focusing. on total consumption
by anglers are discussed below and are summarized in Table 2.

NYSDEC, 1990. Connelly et al. (NYSDEC, 1990) conducted a long-term recall mail survey
of New York State anglers in which anglers were asked to recall the number of fish meals
consumed over a one-year period. The authors reported that the average New York angler
consumned 45 fish meals annually. Assuming an average fish meal size of 227 g (1/2 pound),
the average New York angler would consume approximately 28 g of fish daily. Even though
anglers were the popuiation targeted for the survey, this estimate included sport-caught fish as
well as freshwater, marine, and estuarine fish obtained from markets, restaurants, and as gifts.
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TABLE 2. Fish Consumption Estimates for Recreational Anglers

Consumption Rates (g/d)

Study Mean Median "High End"
All Commercial and Recreational Sources

Fiore et al. (1989) 26 —_ 632

NYSDEC (1990) 28 — —

West et al. (1989) 18.3 _— —_
Marine - Self-Caught

Landolt et al. (1985; 1987) — 15° -

Pierce et al. (1981) —_— 23 >543

Puffer et al. (1981) — 37 3392
Multiple Fresh Water bodies

Connelly et al. (1992) : 6.8 — 32¢

Cox et al: (1985} . ’ 21.8 - —_— .

Cox et al. (1987) : 19.4 7.5 -

Cox et al. (1990) — 7.5 —

Ebert et al. (1993) 6.4 2.0 268

Fiore et al. (1989) 12.3 —_ 37.3

West et al. (1989) 7 — —_
Multiple Flowing Waterbodies

Ebert et al. (1993) 3.7 0.99 12*
Muitiple Lakes and Ponds

ChemRisk (1991b) 4.2 1.7 152

Richardson and Currie (1993) 16.2 -_— -

Specific Waterbodies

ChemRisk (1991a) 3.0 0.49 113
Soldat (1970) 1.8 - —
Honstead et al. (1971) 7.7 —_ —_
Turcotte (1983) 7.4¢ — —

2 95th percentile.
Calculated using a Monte Carlo simulation based on frequency distributions provided by authors.

€ 92nd percentile.
¢ Calculated based on 2.5 consumers per angler.

West et al., 1989. West et al. (1989) conducted a stratified mail survey of Michigan’s anglers
and asked them to report their consumption of all types of freshwater fish meals for the
previous two-week period. The average consumption rate reported by West et al. (1989)
included sport-caught, purchased. gift. and restaurant-purchased freshwater fish.

\&
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Fiore er al., 1989. Fiore et al. (1989) used a long-term recall mail survey to evaluate
consumption of fish by Wisconsin's anglers. In this survey. the authors differentiated between
sport-caught and commercially obtained meals. Average daily intakes were reported.

Anglers - Sport-caught Marine Fish
When the affected surface water is a marine waterbody that is frequented by recreational
anglers, it is advisable to use esumates of consumption that have been derived from surveys

of marine anglers.

Pierce et al., 1981. Pierce et al. (1981} interviewed anglers fishing Commencement Bay in
Puget Sound near Tacoma. Washington. Estimated rates were based on the consumption of
sport-caught marine finfish and shellfish. Using the Pierce et al. (1981) data, the EPA (1989a)
estimated the median rate of consumption by these fishermen to be 23 g/d. A reanalysis of the
original raw data, which corrected for oversampling of frequent anglers, resulted in an
estimated median rate of 1.0 g/d (Price et al., 1994). i\

Puffer et al., 1981. Puffer et al. (1981) conductéd a creel survey of the consumption of marihe
fish by anglers who fished Los Angeles Bay. Although all of the fishermen observed in the
study were counted, only those fishermen who had creeled fish were subsequently interviewed.
The authors reported that the median consumption rate for those successful anglers was 37
g/d. This consumption rate represented consumption of sport-caught marine species from a
large marine fishery. Because it oversampled the most frequent Los Angeles Bay anglers
(Puffer et al., 1981), it likely overstates consumption for the majority of anglers using that
fishery. Price et al. (1994) report that when a correction is made for the oversampling of
frequent anglers in the Puffer et al. (1981) study, the resulting median consumption rate is

less than 2.9 g/d.

Landolt et al., 1985, 1987. Landolt et al. (1985; 1987) conducted a two-year creel survey of
Puget Sound anglers. Based on data collected during interviews with over 2,000 anglers,
Landolt et al. reported distributions for the number of trips per year, number of fish caught per
trip, numbers of individuals sharing the catch. and the edible weight of each fish caught.
Landolt et al. (1985; 1987) calculated average, species-specific consumption rates that ranged
from 11 to 40 g/d. However, because angler effort and availability of those species were
highly variable through the season, these species-specific estimates cannot be combined to
produce estimates of total annual consumption rates.

Anglers - Sport-caught Freshwater Fish from Multiple Waterbodies

In some situations, contamination may affect numerous freshwater recreational fisheries
within a given region, but does not impact commercial fisheries. In this situation, 1t 1s
recommended that exposure assessors select estimates of total sport-caught fish consumption

for use in their analyses.
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West er al., 1989. As discussed previously, West et al. (1989) reported an average
consumption rate for freshwater fish of 18.3 g/d. Although the authors did not specifically
derive an estimate of consumption of sport-caught fish, they did indicate that 39% of the
freshwater fish consumed by Michigan anglers were sport-caught. Thus. applying this
percentage to their mean consumption estimate. an estimate of 7 g/d can be derived for the
amount of sport-caught fish eaten by Michigan anglers. This estimate includes fish caught
from all fresh waterbodies in Michigan.

Fiore et al., 1989. In the Fiore et al. (1989) analysis, consumption of fish by Wisconsin's
anglers was evaluated. Average and 95th percentile rates of consumption of sport-caught
freshwater fish were reported from all sources in Wisconsin..

Ebert et al., 1993. A long-term mail recall study of Maine’s anglers was conducted by Ebert et
al. (1993). In this survey, anglers were asked to recall numbers and sizes of fish harvested for
consumption during ice fishing and open water fishing trips in Maine. A distribution of
percentiles of fish consumption rates for those respondents who indicated that they had
consumed some fish during the year was provided. These estimates included sport-caught
freshwater fish harvested from all fresh waterbodies in Maine.

Connelly et al., 1992. A long-term recall mail survey was used by Connelly et al. (1992) to
determine rates of sport-caught freshwater fish consumption by licensed New York anglers.
The authors reported that mean consumption was 11 meals per year. Using a conservative
estimated meal size of 227 g results in an estimated annualized consumption rate of 6.8 g/d.
From the data provided by Connelly et al. (1992) the 92nd percentile can be estimated at 32

&/d.

Cox et al., 1985, 1987, 1990. Cox et al. have reported results of a number of surveys
conducted of Ontario anglers. These surveys were in the form of questionnaires included in the
"Guide to Eating Ontario Sport Fish", which gives consumption advice and is updated
annually. Based on responses received from the 1983 questionnaire, Cox et al. (1985) reported
a mean freshwater fish consumption rate of 21.8 g/d. A similar mean of 19.4 g/d was reported
by Cox et al. for their 1986 survey (Cox et al.. 1987). Although the raw data from the 1983
Ontario survey are no longer available, Cox et al.! have reported that the median consumption
rates from both the 1986 and the most recent Ontario study (Cox et al., 1990) were both 7.5

g/d.

Anglers — Sport-caught Fish from Multiple Rivers/Streams

Ebert et al. (1993) and ChemRisk (1991b) established that consumption rates for fish taken
from moving waters (rivers and streams) differ from consumption rates for still waters (ponds
and lakes). When contamination affects multiple rivers and streams that are recreational
fisheries in a given region, but does not affect standing waters, it is most appropriate to use

| Cox — Personal Communication
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esumates of consumption of river/stream fish by anglers. To our knowledge. this is the only
published study of the consumpuon of fish from multiple flowing waters.

Ebert et al., 1993. As discussed previously, Ebert et al. (1993) conducted a recall survey of
Maine's resident freshwater anglers. Although responding anglers were not asked to recall
exact locations where individual fish were harvested, they were asked 1o report numbers of fish
harvested for consumpton that were obtained from standing waters (lakes and ponds) and from
flowing waters (rivers and strcams). Using these data, the authors evaluated consumption from
individual types of waterbodies by considering only those fish reported by anglers to have
been harvested from the particular type of waterbody. Thus, it was possible to estimate a full
distribution of consumption rates for those anglers who reported that they ate fish from rivers
or streams. These estimates were not waterbody-specific, but rather were estimates of total
consumption of freshwater river/stream fish by Maine's consuming resident anglers.

Anglers — Sport-caught Fish from Multiple Lakes/Ponds
When contamination affects multiple lakes and ponds that are recreational fisheries in a given
region, but does not affect flowing waters, it is preferable to estimaie ingestion of lake/pond

fish by anglers.

ChemRisk, 1991b2. In an additional. unpublished analysis of data obtained from their Maine
angler survey (Ebert et al., 1993), ChemRisk (1991b) reported the rates of consumption of
fish recreationally obtained from lakes and ponds in Maine. These estimates were not
waterbody-specific but rather were estimates of total consumption of lake/pond fish by

Maine's consuming resident anglers.

Richardson and Currie, 1993. Richardson and Currie (1993) used measured concentrations of
total mercury in the hair of Ontario Amerindians as a means of estimating rates of fish
consumption by this population. An average concentration of mercury in fish tissues
(regardless of species) from multiple lakes within a 100 km radius of each reserve was
assumed to be the concentration in consumed fish. To derive estimates of consumption. it was
assumed that all measured mercury in fish was methy}! mercury, that 100% of the mercury was
absorbed, that the half-life in the body is 70 days, and that hair grows at a rate of | c¢cm per
month. Actual sources of fish consumed, species consumed, and number of meals consumed
were unknown. Using the levels of mercury measured in the hair of study participants, the
authors reported geometric mean consumption rates of 19 and 14 g/d for male and female

Amerindians, respectively.

Anglers — Sport-caught Fish from Specific Waterbodies

Often regulatory actions, like effluent permitting or the selection of remedial options, are
targeted to a specific waterbody. When contamination is limited to a single waterbody, the
proportion of total consumption resulting from that waterbody is the relevant estimate of

2 Unpublished data.
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interest. If possible, waterbody-specific estimates should be based on local data collected for
the site (EPA, 1989b). If it is not possible to collect information on potential consumption
from the waterbody in question, then the next step is to evaluate whether estimates of
waterbody-specific consumption from other similar waterbodies can be substituted and used as
reasonably representative of the waterbody being studied. While a number of surveys have
been conducted over the years to determine fishing participation and harvest rates, only a few
have specifically evaluated rates of consumption of fish harvested from a specific waterbody.

Soldat, 1970. Soldat (1970) conducted a creel survey of the Upper Columbia River in the
Hanford area and reported that the average angler surveyed took 4.7 trips per year and harvested
0.7 meals per trip from the Upper Columbia River annually. Soldat (1970) reported that
45,000 meals were caught, representing 20,000 pounds of edible fish (202 grams per meal).
Using this reported 202 g fish meal size. the resulting estimate of consumption from the

Soldat study is 1.8 g/d.

Honste:id er al.. 197]. As reported by Rupp et al. (1980), Honstead et al. (1971) conducted a
recall survey and reported that Upper Columbia River anglers consumed an average of 14
meals of sport-caught fish per year and that the average meal size was 200 grams. Based on
this, it can be estimated that anglers consumed 2.8 kg per year or approximately 7.7 g/d on

average.

Turcotte, 1983. Through data collected in a creel survey, Turcotte (1983) evaluated harvest of
freshwater species from non-tidal reaches of the Savannah River and estimated that the average
angler harvested 22.6 kg of fish per year. Using an EPA (1989b) estimate that 30% of the
harvested fish is edible, results in an edible harvest of 6.8 kg/year or 19 g/day. However, this
estimate does not account for sharing of fish with other individuals. In addition, it is based on
the assumption that all harvested fish were consumed and did not consider that some fish were
likely to have been given away, discarded, or used as bait. If it is assumed that all harvested
fish are eaten and that an average of 2.5 individuals shared in the consumption, a value that
has been reported in several studies (Puffer et al., 1981; Landolt et al., 1985; Eben et al.,
1993), the resulting estimate is 7.4 g/d.

ChemRisk, 1991a3. ChemRisk (1991a) conducted a creel survey of the West Branch of the
Penobscot River. In estimating an upper-bound annual consumption rate based on data
collected from single interviews of successful anglers, ChemRisk conservatively assumed that
each angler was successful on every trip and that the frequency of fishing trips taken up to the
time of the interview continued throughout the remainder of the season. Using this
methodology for the consuming angling population, a full distribution of consumption rates,
with a mean of 5.1 g/d, was reported. However, because it was believed that these
assumptions were likely to result in overestimates of consumption by the interviewed anglers,
ChemRisk conducted an additional analysis. using fisheries management data simultaneously

3 Unpublished data.
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collected from the West Branch, in which the trends in participation and harvest rates over the
season were identified. These trends were used to calculate monthly adjustment factors for

 fishing frequency and harvest rates which were then incorporated into a Monte Carlo analysis

to derive a distribution of consumption rates for the West Branch that considered seasonal
fluctuations. This analysis indicated that consumption rates were lower than originally
estimated with a mean of 3.0 g/d and a median of 0.49 g/d.

DISCUSSION

While the wide range of consumption values that have been reported in the scientific literature
would seem to indicate that rates of fish consumption are highly variable, this variability can
be attributed primarily to differences in the types of fish being eaten, the source or sources of
those fish, the characteristics of the population being evaluated, and the methods used to
collect consumption data. As demonstrated in Table 3, the sources (recreational vs.
commercial, marine vs. {reshwater, etc.) from which fish have been obtained appear to have a
substantial effect on the estimated rates of consumption. Surveys that have considered all
sources of fish tend to have the highest estimates of average intakes, while surveys that have
focused on a single fresh waterbody tend to have the lowest. When surveys involving similar
sources of fish are compared, estimates of consumption are similar.

Based on the data presented in Table 3, the following conclusions can be reached:

* Rates of intake from individual bodies of water are lower than rates of intake from
multiple bodies of water;

* Rates of consumption of sport-caught marine fish are generally higher than rates of
consumption of sport-caught freshwater fish; and,

+ Rates of intake from moving waters are lower than rates from stiil waters.

Although it appears that rates of consumption of marine fish may be higher than rates of
consumption of freshwater fish when comparing studies of marine anglers with those of
freshwater anglers, the recent Price et al. (1994) reanalysis of the Puffer et al. and Pierce et al.
studies indicates that consumption of marine fish by anglers may be comparable to
consumption of freshwater fish, when survey biases are minimized. However, this conclusion
cannot be reached with certainty and is an area for future research.

An important additional observation is that the estimate of the "high end" angler intake (the
top 10% of anglers) is greatly affected by the duration of the survey. Table 4 presents intake
rates of sport-caught fish at the 95th percentile, according to the survey method used.
Available intake estimates for the 95th percentile consumer are less than 40 g/d for ali long-
term (greater than 30- day recall period) surveys. Much higher estimates are found in surveys
of shorter duration, likely due to short-term variability biasing the results upward. Because the
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THE EFFECT OF SAMPLING BIAS ON ESTIMATES OF
ANGLER CONSUMPTION RATES IN CREEL SURVEYS

PAUL S. PRICE, STEAVE H. SU, AND MICHAEL N. GRAY

ChemRisk — A Division of McLaren/Hart
Portland, Maine

EPA guidance recommends that 30 grams per day be used to represent the

consumption rate of fish caught from large bodies of water by a typical angler
(EPA, 198%a). This estimate is based on the combined results of the Pierce e1 al.

(1981) and Puffer et ai. (1981) surveys of marine and estuarine anglers. An

examination of these survevs demonstrates that the method used in both studies
— creel survey — oversamples frequent anglers and produces a distribution of
consumption raies that ove: estimates intake rates of the total angler population
using the surveyed waterbodies. Weighting the individual survey responses by
the inverse of the angler self-reported fishing frequency corrects this bias and
produces a more accurate characterization of the total population of anglers using
the surveyed waterbodies. This approach is an extension of the methodology
used by both Puffer et al. (1981) and Pierce et al. (1981) to estimate the size of
the 10tal angler populations. The results of the reanalysis of the Pierce et al.

(/981) survey indicate that the median consumption rate for the total angler
population is 1.0 g/d. The results of the Puffer et al. (1981) reanalysis indicate a
wedian consumption rate for total angler population of 2.9 g/d. The recalculated
distributions of consumption rates were found to be consistent with the results
of other angler surveys that use survey methods that do not oversample frequent
anglers. The angler intake rate of 30 g/d corresponds 1o roughly the 90th and
95th percentiles of the total angler populations in the Pierce et al. (1981) and
Puffer et al. (1981) surveys, respectively. The results of this paper indicate that
the current estimate of 30 g/d significantly overestimates consumption for
typical marine and estuarine anglers.
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Stroudwater Crossing, 1685 Congress Street, Portland, ME 04102. Tel: (207) 774-0012. Fax:

(207) 774-8263.
2. Abbreviations: EPA, United States Environmental Protection Agency; g, grams; g/d. grams
per day; NYSDEC, New York State Department of Environmental Conservation; y, year; trips, one

day fishing trips
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INTRODUCTION

The rate of consumption of self-caught fish is a critical parameter for many environmental
risk assessments. Because persistent lipophilic compounds that are released to surface
waterbodies may bioaccumulate in fish, often the most important route of human exposure to
these chemicals is through fish consumption (Humphrey, 1983; EPA, 1984; Rifkin et al.,
1991, Sherman et al., 1992). Because many surface waterbodies, and in particular most
freshwaters, are not commercially fished, consumption of fish is limited to recreational
anglers. While such individuals may only represent a fraction of the total population living
near an affected body of water, they may represent the majority of risks posed by surface water
contamination. Therefore, it is critical to accurately characterize the rate of fish consumption
for recreational anglers. Currently, EPA guidance recommends that a rate of 30 grams per day
be used to represent the ingestion rate of fish caught from large bodies of water by a typical
angler (EPA, 1989a,b). This estimate is based on the combined results of the Pierce et al.
(1981) and Puffer et al. (1981,1982) creel surveys (hereafter referred to as the Pierce and Puffer
surveys) of miarine and estuarine anglers.

Creel surveys are typically used by fisheries managers to evaluate angler participation, effort,
and catch/harvest rates from an individual waterbody. Such surveys generally count and
interview anglers observed fishing a specified body of water at a specified time. During these
surveys, data are collected specific to the individual angler’s fishing experience, such as the
length of the trip, and the number, size, and species of fish targeted, caught, and harvested by
the angler on the day of the interview (EPA, 1991). More recently, creel surveys have been
expanded to collect details on the anticipated disposition and/or consumption of the harvested
fish (ChemRisk, 1991; Ebert et al., 1993).

A key characteristic of creel surveys is that the probability of an angler being interviewed
during the survey is a function of his or her frequency of fishing (Puffer et al., 1981). Anglers
who fish frequently have a higher probability of being interviewed than anglers who fish
infrequently. As a result, creel surveys tend to oversampie the frequent angiers. In addition, the
distribution of consumption rates in the anglers interviewed during a creel survey are likely to
overestimate the distribution of consumption rates in the entire population of anglers that fish
the surveyed waterbody.

In this paper, we investigate the effect of this bias on the estimates of fish consumption that
are derived from the Puffer and Pierce surveys. First, we used the inverse of each angler’s self-
reported annual frequency of fishing to reweight the estimated fish intake rate of each of the
surveyed anglers (hereafier referred to as the survey population). This was done to calculate the
distribution of consumption rates in the entire angler population that fishes the surveyed body
of water (hereafter referred to as the total angler population). This approach is an extension of
the methodology used by both Puffer et al. (1981) and Pierce et al. (1981) to estimate the size
of the total populations of anglers using the waterbodies they surveyed.
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Background :
Pierce et al. (1981) surveved anglers during the months of July through September (summer

season) and September through November (fall season) of 1980. More than 500 interviews
with individual anglers and fishing parues were conducted at five locations on Commencement
Bay in Puget Sound, Washington. For each angler interviewed, the survey collected
information on the number of fish caught on the day of the interview, the average weight of
each fish caught, the number of pcople in the angler’s family/living group, and the angler's
annual fishing frequency. Pierce et al. (1981) presented summary statistics on the number and
total weight of each fish species caught, number of anglers, family/living group size, and
angling frequency.

Puffer et al. (1981) investigated rates of fish consumption by Los Angeles Harbor anglers.
The survey included interviews of more than 1,000 anglers as they fished at 12 locations
along the harbor during the summer and fall of 1980. The survey clerks collected information
on the number of fish the anglers caught on the day of the inte-view, the average weight of
the fish harvested. the number of fish eaters in the angler’s family/living group, and the
angler's annual fishing frequency.

Neither the Puffer nor Pierce creel surveys asked the individuals for direct estimates of the
amount of fish they consumed. Rather, the surveys collected data on the size of catch, the
angler's frequency of fishing, and number of individuais sharing in the catch. These data,
along with information on the number and size of fish caught, were used to estimate a typical
fish consumption rate for the angler. Puffer et al. (1981) estimated consumption rates of the
individual anglers interviewed using the following equation:

C=(K*N*W=*F/365/E m

Where C is the estimated daily fish consumption rate (g/person-day); K is the average edible
fraction of the fish caught by a surveyed angler; N is the number of fish caught on the day of
the survey: W is the average weight of the fish caught on the day of the survey (grams): F is
frequency of fishing during the year: and E is the number of fish eaters in the anglers family
or living group. Table 1 presents the distribution of fish consumption rates in the Puffer

survey population published in Puffer et al. (1981).

Pierce et al. (1981) did not attempt to develop estimates of the consumption rates for the
individual anglers. However, in the 1989 Exposure Factors Handbook (EPA 1989b), EPA
developed an estimate of the distribution of fish consumption rates based on the information
provided in the final report. Because Pierce and co-workers did not include the raw data for each
of the anglers surveyed and only reported the distribution of angler responses to survey
questions. the Agency could not calculate the individual angler’s consumption rate using the
approach developed by Puffer (Eq. 1). EPA was forced to estimate the distribution of
consumption rates based on an aiternative approach that used the estimate of the average
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TABLE 1. Distribution of Fish Consumption Rates as Reported by
Puffer et al. (1981)

Percentle Consumption Rate (g/d)
5 2.3
10 4
20 8.3
30 15.5
40 239
50 . 36.9
60 53.2
70 79.8
80 120.8
90 224.8
95 338.8

amount of fish consumed by the surveyéd anglers per fishing trip and the distribution of
fishing frequencies given in the final study report. EPA estimated that the fish consumed by
an average angler in the survey population was approximately 380 g/person per angling trip.
The estimated distribution of annual consumption rates in the survey population was
calculated using the equation:

Cp =380 * F/365 @

Where. Cp. is the daily fish consumption rate (g/d) of all anglers with a fishing frequency of F

(trip/y). The distribution of fish consumption rates calculated by EPA (1989b) using this
method is given in Table 2.

TABLE 2. Distribution of Fish Consumption Rates for the Pierce
Survey as Estimated in the EPA Exposure Factors Handbook

(1989b)
Percentiled Consumption Rate (g/d)
0-<l} 1.04
[1<16 2.09
16- <22 6.27
22-<40 12.53
40-<91 54.31
91.100 381.19

3 Approximate

To denive its recommended rates for anglers, EPA (1989b) used the distributions from the two
surveys to derive fish consumption rates for a typical and a worst-case angler (Table 3). The
recommended rate of 30 g/d for the typical anglers was based on the arithmetic average of the
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median consumption rates from the two surveys. [40 g/d was recommended as the “weorst-
case” consumption rate based on the arithmetic average of the 90th percentiles of the
distributions of consumption rates in the two surveys.

TABLE 3. Rate Percentiles from Puffer and Pierce Surveys Used by
EPA (1989b) to Derive Recommended Rates (g/d)

Survey 50th Percenule 90th Percentile
Puffer 37 225
Pierce 232 543

Average 30 140

3 Estimated by EPA by interpolation

METHODS

Methodology
To calculate the distribution of consumption rates for the total angier populations represented

by the two surveys, the estimated consumption rate of each individual angler surveyed was
weighted by the inverse of the angler’s self-reported fishing frequency. This approach is an
extension of the methodology used by both Puffer et al. (1981) and Pierce et al. (1981) to
estimate the relative sizes of the survey and total angler populations.

Both Puffer and Pierce recognized that their sample populations were only a fraction of the
actual number of anglers using the surveyed waterbodies (total angler population). Both
authors used the self-reported frequency of fishing to estimate the total angler population. The
equation used was:

k
TAP= YNp*365/F 3)
i=1

Where, TAP is the total angler population; and N is the number of anglers who reported a
fishing frequency of F (trips/y), and k is the number of fishing frequencies reported. Under this
approach, each of the anglers surveyed is assumed to be a member of a population of anglers
who fish the surveyed body of water at the same frequency as the surveyed individual but most
of whom are not fishing on the day the creel survey was performed. The size of this
population will on average be equal to 365/F. The sum of these popuiations is taken as an
estimate of the number of anglers in the total angler population for the surveyed waterbody.
Table 4 presents the sizes of the survey and total angler populations for the Puffer and Pierce
studies as reported by their respective authors.
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TABLE 4. Population Size for the Sampled and Total Angler‘
Population in the Puffer and Pierce Surveys

Survey Samipie Population Total Angier Population
Puffer 1,059 91,606
Pierce 508 3.391

In this analysis, the distribution of consumption rates in the total angler population is
calculated in a similar manner. Each of the surveyed anglers is assumed to represent 365/F
angiers with similar consumption rates who fish the surveyed body of water. The equation

used is:

TN, =N g *365/F )

where, TN, is the total number of anglers with a consumption rate of A; and N, is the

number of anglers with a consunipuon rate of A and a fishing frequency of F. The distribution
of consumption rates in the combined populations, obtained by applying Equation 4 to all
surveyed anglers, is taken as the distribution of consumption rates for the total angler

population.

By a similar argument, the distribution of fishing frequencies in the total angler population
can be estimated using the equation:

TNp=Ng * 365/F )

where, TN is the total number of anglers with a fishing frequency of F; and N, is the number

of surveyed anglers with a fishing frequency of F. The distribution of fishing frequency in the
total angier population is thus the distribution of fishing frequency in the combined
population obtained by applying Equation 5 to all frequency categories in the survey.

To calculate the distributions of consumption rate and fishing frequency in the total angler
population, it is necessary to know the values of N and N for each of the two surveys. The

values of N, can be developed from the data on individual anglers. The values of N used in
this paper are taken from the original papers (Puffer et al., 1981; Pierce et al., 1981) wherever
possible.

Analysis of the Two Creel Survevs
In order to obtain information on N ap Values for the two surveys, we contacted the original

authors of the two studies and requested copies of the raw data. The raw data for the Pierce et
al. survey were available from the Tacoma-Pierce County Health Department, Tacoma.
Washington, in the form of paper copies of the original, completed survey forms.
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Copies of a total of 687 interviews were received from the Tacoma-Pierce County Heaith
Department. This number exceeds the number of anglers (508) reported to have been surveyed
by Pierce et al. (1981). Many of the survey forms obtained were not usable due to missing
data and other problems. This suggests that Pierce et al. (1981) performed some screening of
the completed forms before they performed their analyses. Unfortunately, there was no
indication of which survey forms had been included by Pierce et al. in their analysis and no
information on the criteria used by Pierce et al. to select forms for inclusion in the analysis.
Attempts to contact the original authors were unsuccessful. Therefore, we developed and used
the following criteria for including survey responses in this analysis:

¢ All forms that contained incomplete data (with the exception of the fish weight and ‘
length data discussed below) were excluded:

+ all forms that reported the caich for groups (rather than individual anglers) were
excluded: v '

» all anglers that reported practicing catch and release (fish were not consumed) were
excluded: and , . .

» anglers who only consumed shellfish were excluded.

Using these criteria, we identified a total of 451 anglers appropriate for our analysis.

Data on fish consumption rates and other relevant parameters were extracted from the Pierce
survey forms and entered into a database. Data taken from the survey forms included: interview
numter; number of individuals in the angler’s living group; use of fish caught; frequency of
fishing; fish species caught: number of fish caught; and species-specific average fish weights.
Because the present analysis focuses on consumption of fish only, the consumption of
crustaceans (crabs) was not considered in this analysis.

Approximately 3.5% of the survey forms included one or more fish without weight data. In
addition, a few fish with missing weight data were also missing length data. We developed
estimates of mass for these fish based on simple regression models of the relationship
between species-specific fish mass measurements and lengths. These regression models were
fitted to the fish in the survey that did report lengths or weights. In the few instances where
the lengths of fish were also missing, the lengths reported for the same species in the same
creel were used in the length-mass regression estimates.

Based upon the data extracted from the survey forms, we estimated a consumption rate for each
angler using Equation 1. In developing these estimates, we used the same assumption of
edible fraction of fish as reported by Pierce et al. (1981). These consumption rates and the
reported fishing frequencies were used to determine the N AF 3nd N The values of N, and N
were in turn used to estimate the distribution of consumption rates and fishing frequencies in
the total angler population. using Equations 4 and S.
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Unlike the Pierce survey. the raw data for the Puffer study have not been preserved (personal
communication with Dr. Haroid Puffer). No electronic or paper copies of extracted *“raw” data
from the survey forms were preserved. and only 350 of the “completed survey™ forms (of the
more than 1,000 originai forms) are sul] available. Upon a review of the available forms, we
determined that a meamngful analysis of the Puffer et al. raw data was not possible, given that
less than one-third of the forms were preserved and the remaining forms could not be assumed
10 be a random sample of the original survey forms. Therefore, the oniy data available on the
study are contained in the summary of the survey results in Puffer et al. (1981). This report
on the Puffer survey does contain the distribution of angler frequencies from the NF' Based on
these data, we estimated the distribution of angling frequencies in the total angler population
using Equation 5. ’

As demonstrated by EPA's Exposure Factors Handbook (EPA. 1989b), it is possible to
obtain an estimate of the distribution of fish consumption rates in a population based on the
average amount of fish cr:isumed per fishing trip and the disaibution of fishing frequencies
(see Equation 2). We calculated the average amount of fish consumed per angler trip in the -
Puifer survey based on the mean consumption rate and fishing frequency of the anglers in the
Puffer survey. The means of these parameters were estimated based on the reported distribution
of consumption rates and frequencies (Puffer et al., 1981). The mean consumption rate was
estimated to be 91 g/d. The average frequency was 63 trips per year. The average consumption
rate per trip is therefore 522 g/person-trip. Using this estimate and the distribution of fishing
frequencies in the total angler population, we developed a distribution of consumption rates

for the Puffer survey.

Because different approaches were used to estimate the distributions of total angler population
fish consumption rates for the Puffer and Pierce surveys, it is important to determine if the
two different methods produce different estimates of the fish consumption rates. This was
determined by applying both approaches to the Pierce survey resuits. The two resultant
distributions of total angler population fish consumption rates were then evaluated for

consistency.

RESULTS

Pierce et al.

The results of our reanalysis of the Pierce survey data are presented in Table 5 along with the
results of Pierce’s original anaiysis as reported in Pierce et al. (1981). In general. our estimate
of the size of the survey population was smaller, and the surveyed anglers were estimated 0
consume more fish than the Pierce esumates. Another distinction between our reanalysis and
the original analysis is that our siudy used all 15 angling frequency responses in the
completed Pierce survey forms, while Picrce grouped the anglers into six frequency categones
(see Tabie 3).
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TABLE 5. Comparison of Survey Populations as Estimated from the
Reanalysis of the Pierce Survey with the Resuits for the
Survey Population Reported in Pierce et al. (1981)

Parameters Pierce et al. (198]) Reanalysis (Consuming Anglers)
Number of Anglers
Summer : 304 225
Fail 204 226
Total 508 ] 451
Total Mass of Fish Caught 2,700 kg 3,300 kg
Average Family Size 3.74 3.65
Number of Trips/Year . Percent of Anglers
1 10.85 9.76
2 5.40 ) 5.99
3 0.22
4 0.22
6 5.25 3.77
8 0.22
12 18.45 19.07
24 111
36 ‘ 0.44
52 51.30 44.79
93 0.22
104 3.99
156 3.33
208 - 1.33
368§ 9.40 5.45

The cumulative distributions of the angling frequencies and daily fish consumption rates for
the survey population and total angler population in our reanalysis of the Pierce survey data
are presented in Figures 1 and 2. Because the exposure frequencies for individual anglers were
evaluated using rough categories of frequency, the distributions can oniy be specified for a
limited number of points on the distribution. The distributions of angling frequencies (Figure
1) show a disproportionate number of anglers at the higher frequencies, e.g., more than 50%
of respondents fish more than once a week in the survey population, while less than 6% of
the total angler population fish this often. The distribution of angler consumption rates in the
survey and total angler population show a similar shift. In the survey population, the median
consumption rate is 19 g/d. In the total angler population, less than 6% of the population has
a consumption rate of 19 g/d or more.
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FIGURE 1. Comparison of the esumated cumulative distribution of angling frequencies for the
survey population with the total angler population from the reanalysis of the Pierce survey.
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FIGURE 2. Comparison of the esumated cumulative distribution of fish consumption rates for
the survey popuiation with the total angler population from the reanalysis of the Pierce survey.
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Puffer et al.

The cumulative distribution of angling frequencies for the survey and total angier populations
in the Puffer et al. (1981) survey are presented in Figure 3. The distribution of angling
frequencies in the survey populauon show a disproportionate number of anglers at the higher
frequencies with approximately 50% fishing more than once a week. However, in the total
angler population, less than 1% of the population fishes with this or greater frequency.
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FIGURE 3. Comparison of estimated cumulative distributions of angling frequency in the survey
population with the total angler population from the reanalysis of the Puffer survey.

The cumulative distribution of angler consumption rates for the total angler and survey
populations derived from the Puffer et al. (1981) data is given in Figure 4. The distribution of
survey population rates are taken directly from Puffer et al. (1981). The distribution of
consumption rates in the total angler population is derived from the distribution of fishing
frequencies for the total angler population. Because the fish consumption rate estimates in the
total angler population of the Puffer survey (Figure 4) are based on angling frequency data, the
consumption rate curve does not appear to be as smooth as the curve for the Pierce data
(Figure 2).

The differences in the consumption rate distributions for the two populations show the same
pattern as the Pierce survey resuits. The median consumption rate in the survey population is
36.9 g/d. In the total angler popuiation, less than 5% of the population has a consumption
rate that is greater than or equal to this value,
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FIGURE 4. Cumulative distributions of fish consumption rates for the survey population with the
total angler population from the reanalysis of the Puffer survey.

Table 6 presents the estimated consumption rates for the median and 90th percentiles for the
survey and total angler populations derived from the reanalyses of the Pierce and Puffer survey
data. In the Puffer survey, the values for the median are taken from the lowest frequency group

TABLE 6. Selected Percentile Consumption Estimates (g/d) for the
Survey and Total Angler Populations Based on the
Reanalysis of the Puffer and Pierce Data

50 Percenuile 90™ Percentile

Survey Population

Puffer 37 225

Pierce 19 155

Average 29 190
Total Angler Population

Puffer 2.9* ' asb

Pierce 1.0 13

Average 2.0 24

P

3 Estimated based on the average intake for the 0-90th percentile anglers.
b Estimated based on the average intake for the 9151-96th percentile anglers.
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(less than once a month) that comprises 90% of the total angier population. The 90th
percentile is conservatively esumated based on the esumated consumption rate for the next
lowest frequency (1-3 times per month) that represents the 91st to the 96th percentiles of the
total angler population. In both surveys. the medians and the 90th percentles of the total
angler population are one to two orders of magnitude lower than the equivalent values for the

survey populations.

Figure 5 presents two estimates of the distribution of consumption rates for the total angler
population in the Pierce et al. (1981) survey. As the figure indicates, the cumulative
distribution produced by using the average fish consumption per fishing trip approach
overestimates consumption rates for anglers with the lowest consumption rates. However, the-
two approaches produce simular estimates for the upper portion of the consumption

distribution.

100

204
] ~£5~ Based on individual intake esumate
p! -@— Based on average intake and frequency categories
0 " Y T
0.1 1 10 100 1000

Fish Consumption Rats (3/d)
FIGURE §. A companson of individual and frequency category-based estimates of the cumulauve
distribution of fish consumption rates in the total angler popuiation frorn the Pierce survey.

DISCUSSION
The primary finding of the analysis presented in this paper is that the distribution of

consumption rates derived for a survey population differ substantially from the distributton of
consumption rates derived for the total population of anglers using a given waterbody. Tutal
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angler populations have much lower fishing and consumption rates than survey populations.
This difference occurs because creel surveys oversample more frequent angiers and the intakes
of the surveyed anglers provide a biased estimate of the total angler population’s intake.

This finding of sharply lower intakes 1s not due to our reanalysis of the Pierce survey results.
Our reanalysis.of the Pierce survey data resulted in siightly higher estimates of intake for the
survey population than EPA’s anaivsis (EPA, 1989b) (see Tables 3 and 6), due to higher
estimates of total catch and lower estimates of the number of anglers. It is not clear why we
derived higher estimates of fish caught. The smaller number of anglers included in our
analysis is probably due to the eliminauon of anglers practiced catch and release or who only
consumed shellfish. ‘

This paper used two different methods of estimating the distribution of consumption rates for

the total angler population. The first approach (Equation 4) includes information on the inter-

individual variation in the number of fish caught, the size of the fish, and the number of
individuals sharing the fish. This approach was use J to reevaluate the Pierce survey results.
The second approach (Equation 5) is frequéency-based and does not consider these sources of
variation. It uses an estimate of the average fish consumption rate per angler trip. This second
approach was used to analyze the Puffer survey. The second approach would be expected to
underestimate the variation in the distribution of consumption rates because it would not
include the variations in size of catch and the number of individuals sharing the catch.

In order to investigate the impact of using the two different approaches, we applied both
approaches to the Pierce survey results. Figure 5 presents the resuiting distributions of angler
consumption rates in the total angier population from the two approaches. As the Figure
indicates, the second approach’s inability to fully characterize the extremes in consumption
rates is clearly apparent in the lower end of the consumption rate distribution. However, the
difference between the two estimates appears to be minimal for the upper end of the
distribution. This suggests that the use of the second approach, while theoretically less
desirable, provides a reasonable estimate of consumption rates for the “typical” and “high end”

anglers.

The information on N for the two surveys is somewhat limited by the relatively coarse

measurement of self-reported fishing frequency. As Table 7 indicates, both surveys asked for
the frequency of fishing in terms of once a day, once a week, once a month, etc. As a result,
the estimates of consumption rate and frequency developed using Equations 4 and 5 do not
appear as smooth distributions. In addition, it is difficult to estimate the average frequency of
angling for some categories. For example, there is considerabie uncertainty in the actual
frequency for individuals in the Puffer survey who reported that they fish less than once a
month. In this analysis, we used the average frequency proposed for each of the frequency
categories by the original authors wherever possible (see Table 5). This problem is
exacerbated in the estimates of frequency for the total angier population. In both the Puffer and
Pierce surveys, more than 66% of the total angler populations fall into the lowest frequency
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category and only a single estimate of fishing frequencies can be made for these large portions
of the populations. This absence of data on the infrequent angler is directly related to the bias
in the creel survey methodology toward the frequent angler.

TABLE 7. Estimates of Average Angling Frequencies (trips/y) for
Angling Frequency Categories Reported in Puffer et al.
(1981) and Pierce et al. (1981)

Average Angling Frequency

Categorv
Puffer.
Infrequnct (<!/mo) 2
[-3 times/month 24
1-2 times/week 72
3-4 times/week 182
5.7 times/week 312
Pierce
Yearly 1
2 times/year 2
3 times/year® 3b
Every 3 months? 4b
Bimonthiy 6
8 times/year® gt
Monthly 12
2 times/month?® 240
36°

3 times/month®
Weekly 52

Daily during summer® 93b
2 times.week? 104%
3 times/week? 156°
4 times/week 208°
Daily 365

2 Not included in the original Pierce et al. (1981) report but reported by respondents on original
survey intake forms.
b Estimated by the current authors.

There are two major implications for the findings in this paper. First, current EPA policy on
exposure assessment calls for the evaluation of the dose rates received by a population in
terms of the “typical” and “high end” exposure rates (EPA, 1991). These rates are to be
established for the total angler population exposed to the contaminant. Use of point estimates
of consumption by “typical” and “high end” anglers in a survey population to characterize the
consumption rates in the total angler population will result in a significant overestimation of
consumption rates. A comparison of Table 3 and Table 6 indicates that the estimates of the
typical angler derived by EPA (1989b) may be high by one to two orders of magnitude. In
fact, the estimate of typical angler consumption, 30 g/d, roughly corresponds to the 95th and
90th percentiles of the total angler populations in the Pierce and Puffer surveys, respectively.
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Second. the resulting distribution of consumpton rates for the total angler population is
expected to more closely agree with the results of other angier survey methods that randomly
select individuals from a defined populauon of anglers (e.g., all individuals with fishing
licenses). Examples of such surveys include Ebert et al. (1993), West et al. (1989), and
Connelly et al. (1992). These surveys do not have the bias toward oversampling frequent
anglers that occurs with creel surveys. As a result, the distribution of consumption rates from
these types of surveys are expected to be comparable to the distribution for the total angler
population and not the survey population of a creel survey. Figure 6 presents a comparison of
the distribution of consumption rates from Ebert et al. (1993) with the estimated distributions
for the survey and total angler populations of the Pierce survey. As the figure demonstrates, -
the consumption rate distribution for the total angler population agrees much more closely
with the Ebert et al. (1993) distribution than does the distribution for the survey population.
. The Connelly et al. (1992) and West et al. (1989) surveys reported intake data that are similar
to Ebert et al. (1993). The consistency between the Pierce total angler results and the results
of the Ebert et al. (1993), Connelly et al. (1992), and West et al. (1989) is in =pite of
significant differences, in the types of water surveyed (salt water versus freshwater; and the
region of the country (west coast versus upper midwest and the northeast), which would lead
one to predict significant differences in consumption behavior. It appears, however, that
performing the evaluation on the same total angling population basis eliminates much of the
rcpolr(tjgd variation in the results of angler surveys.

80
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0.01 0.1 1 10 100 1000

Fish Consumption Raie (g/d)

FIGURE 6. Comparison of the esumated cumulative distributions of fish consumpuion rates for
the survey and total angler populations from the reanalysis of Pierce survey (1981) and the results
of Ebert et al. (1993).
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In summary, evaluation of creel surveys must take into consideration the inherent bias
towards oversampling the frequent angler. Estimates of fish consumption rates derived from
data collected from creel surveys should be adjusted before they are used o estimate fish
consumption rates for totai populations of anglers using a given fishery. The results of creet
surveys must also be adjusted before they can be directly compared to the results of other

types of angler surveys.
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THE EFFECT OF SAMPLING BIAS ON ESTIMATES OF
ANGLER CONSUMPTION RATES IN CREEL SURVEYS

PAUL S. PRICE, STEAVE H. SU, AND MICHAEL N. GRAY

ChemRisk — A Division of McLaren/Hart
Portland, Maine

EPA guidance recommends that 30 grams per day be used to represent the

consumption rate of fish caught from large bodies of water by a tvpical angler
(EPA. 1989a). This estimate is based on the combined results of the Pierce et al.

(1981) and Puffer et al. (1981) surveys of marine and estuarine anglers. An
examination of these surveys demonstrates that the method used in both studies
— creed survey — oversumples frequent anglers and produces a distribution of
congumption rutes that overestimates intake rates of the total angler population
using the surveyed waterbodies. Weighting the individual survey responses by
the inverse of the angler self-reported ﬂshihg frequency corrects this bias and
produces a more accurate characterization of the total population of anglers using
the surveyed waterbodies. This approach is an extension of the methodology
used by both Puffer et al. (1981) and Pierce et al. (1981) to estimate the size of
the 1otal angler populations. The results of the reanalysis of the Pierce et al.

(1981) survey indicare that the median consumption rate for the total angler
population is 1.0 g/d. The results of the Puffer et al. (1981 reanalysis indicate a
median consumption rate for total angler population of 2.9 g/d. The recalculated
distributions of consumption rates were found 10 be consistent with the results
of other angler surveys that use survey methods that do not oversample frequent
anglers. The angler intake rate of 30 g/d corresponds to roughly the 90th and
95th percentiles of the rotal angler populations in the Pierce et al. (1981) and
Puffer et al. (1981) surveys, respectively. The results of this paper indicate that
the current estimate of 30 g/d significantly overestimates consumption for
typical marine and estuarine anglers.
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per day; NYSDEC, New York State Department of Environmental Conservation: y, year: trips, one
day fishing trips -
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INTRODUCTION

The rate of consumption of self-caught fish is a critical parameter for many environmental
risk assessments. Because persistent lipophilic compounds that are released to surface
waterbodies may bioaccumulate in fish, often the most imponant route of human exposure to
these chemicals is through fish consumption (Humphrey, 1983; EPA, 1984; Rifkin et al.,
1991; Sherman et al., 1992). Because many surface waterbodies, and in particular most
freshwaters, are not commercially fished, consumption of fish is limited to recreational
anglers. While such individuals may only represent a fraction of the total population living
near an affected body of water, they may represent the majority of risks posed by surface water
contamination. Therefore, it is critical to accurately characterize the rate of fish consumption -
for recreational anglers. Currently, EPA guidance recommends that a rate of 30 grams per day
be used to represent the ingestion rate of fish caught from large bodies of water by a typical
angler (EPA. 1989a.b). This estimate is based on the combined resuits of the Pierce et al.
(1981) and Puffer et al. (1981,1982) creel surveys (hcreaflcr referred to as the Pierce and Puffer -
surveys) of marine and estuarine anglers ‘

Creel surveys are typically used by fisheries managers to evaluate angler participation, effort,
and catch/harvest rates from an individual waterbody. Such surveys generaily count and
interview anglers observed fishing a specified body of water at a specified time. During these
surveys, data are collected specific to the individual angler’s fishing experience, such as the
length of the trip, and the number, size, and species of fish targeted, caught, and harvested by
the angier on the day of the interview (EPA, 1991). More recently, creel surveys have been
expanded to collect details on the anticipated disposition and/or consumption of the harvested
fish (ChemRisk, 1991; Ebert et al., 1993).

A key characteristic of creel surveys is that the probability of an angler being interviewed
during the survey is a function of his or her frequency of fishing (Puffer et al., 1981). Anglers
who fish frequently have a higher probability of being interviewed than anglers who fish
infrequently. As a result. creel surveys tend to oversample the frequent anglers. In addition, the
distribution of consumption rates in the anglers interviewed during a creel survey are likely to
overestimate the distribution of consumption rates in the entire population of angiers that fish

the surveyed waterbody.

In this paper, we investigate the effect of this bias on the estimates of fish consumption that
are derived from the Puffer and Pierce surveys. First, we used the inverse of each angler’s self-
reported annual frequency of fishing to reweight the estimated fish intake rate of each of the
surveyed anglers (hereafter referred to as the survey population). This was done to calculate the
distribution of consumption rates in the entire angler population that fishes the surveyed body
of water (hereafter referred to as the total angler population). This approach is an extension of
the methodology used by both Puffer et al. (1981) and Pierce et al. (1981) to estimate the size
of the total populations of anglers using the waterbodies they surveyed.
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