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ABSTRACT
Information concerning turtle bycatch and its possible ramifications during
biological sampling in freshwater systems is limited. Having such
information will enable fisheries researchers and managers to modify fish
sampling procedures to potentially minimize any impacts on turtle
populations. Therefore, our objective was to utilize reflex response to
characterize stress and mortality of western painted turtles (Chrysemys picta
bellii) captured as bycatch in modified fyke nets during fish population
assessments. Reflex-response-based condition classification (i.e. good, poor,
unresponsive) data were collected from May to September during fish
population assessments in 38 lakes and seven impoundments in northeast
South Dakota from 2012 to 2014. We evaluated the relationship between
observed condition and water temperature during two time periods, by
turtle gender and size. Turtle bycatch mortality was assessed from June to
September during fish population assessments in 14 lakes and three
impoundments during 2013 and 2014. Delayed (i.e. overnight) mortality
was determined for poor and unresponsive condition classifications and the
relationship between observed mortality and water temperature for two
time periods, by turtle gender and size was evaluated. Turtle condition
decreased as water temperature increased. Condition was poorer during the
May and June time period than August and September. Female turtles were
in significantly worse condition than males. Condition was not related to
turtle size. We observed varying mortality rates across condition
classifications and the total estimated delayed mortality rate of known sex
turtles was 36.4%. Mortality increased as temperature increased. Delayed
mortality rates varied between the two sampling periods with higher
mortality rates during the May and June time period. Female turtles had
higher mortality rates than males. Delayed mortality did not vary by turtle
size. Understanding the negative effects on bycatch during biological
sampling is important to provide justification for the development and
implementation of measures to protect non-target species.

KEYWORDS
Bycatch; mortality; Chrysemys
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Introduction

Information concerning bycatch and the ramifications for the species that make up the bycatch dur-
ing freshwater biological sampling is limited. Most freshwater turtle bycatch research has focused
on commercial fisheries utilizing hoop nets. The few studies pertaining to turtle bycatch during
freshwater biological sampling are limited to bycatch and mortality rates during sampling for chan-
nel catfish (Ictaluris punctatus; Sullivan & Gale 1999; Michaletz & Sullivan 2002) and biological
sampling of the Mississippi River (Barko et al. 2004). In a comparison of five passive fishing gears,
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fyke nets were found to capture the most turtles and caused the highest turtle mortality (Barko et al.
2004). They observed a bycatch rate for all turtles of 4.33 per net-night in large fyke nets, 1.78 per
net-night in mini-fyke nets, and 0.28 per net-night in both large and small hoop nets. This is of par-
ticular concern during fish sampling, as fyke nets are recommended for sampling freshwater fish
populations in lentic littoral areas (Miranda & Boxrucker 2009).

Turtle species diversity is low in northeast South Dakota with only two species present: western
painted turtle (Chrysemys picta bellii) and common snapping turtle (Chelydra serpentina; Bandas
2003). Western painted turtles are the most common (Bandas 2003) and they are frequently cap-
tured during biological sampling. Recently, the bycatch of western painted turtles during fish popu-
lation sampling with modified fyke nets in northeast South Dakota was quantified, with a mean
catch rate of 2.56 turtles per net-night (Moos & Blackwell 2016).

Methods to assess the effects of prolonged submergence on freshwater turtle bycatch have varied
among researchers. For example, Larocque et al. (2012b) tested blood lactate levels to determine the
effects of prolonged submergence in hoop nets. Bury (2011) noted recovery time of a small sample
of lethargic and non-responsive turtles captured in a submerged net and indicated further research
was needed. LeDain et al. (2013) observed seven reflex responses in painted turtles (Chrysemys picta)
that were submerged for 12 h and compared these responses to blood lactate and blood pH to deter-
mine the effectiveness of using reflex response to assess the severity of anoxia. They determined that
the use of reflex responses, especially tactile responses, was effective for identifying highly stressed
turtles requiring assisted recovery.

Due to the potential to catch high numbers of turtles in fyke nets, it is important to understand
the impact that fish population sampling can have on turtle bycatch. In addition, variables affecting
stress of turtles in bycatch and associated mortality are not well known. Therefore, our objectives
were to: (1) utilize a reflex response methodology similar to LeDain et al. (2013) to classify the con-
dition of western painted turtles collected as bycatch in modified fyke nets set overnight and deter-
mine how the identified condition is related to water temperature, time period, turtle sex and turtle
size, (2) use condition classifications to quantify delayed mortality (i.e. after 24 h) of western painted
turtles collected in modified fyke nets and determine if observed mortality is related to water tem-
perature, time period, turtle sex and turtle size. Understanding the potential negative impacts on
western painted turtles during fish population assessments provides researchers and fisheries man-
agers with information necessary to take steps to potentially reduce bycatch mortality.

Methods

Study area

A total of 38 natural lakes and seven impoundments located in northeast South Dakota were sam-
pled (Figure 1). Among the lakes sampled, 36 are located within the Prairie Coteau. The Prairie
Coteau is a 330 km long plateau running from northern Iowa to the North Dakota border and con-
tains thousands of wetlands and lakes created during the Illinoian and Wisconsin glacial periods
(Willis et al. 2007). Two lakes are located in the James River drainage along with five of the
impoundments. One impoundment is located in the Red River drainage and one in the Minnesota
River drainage. Lakes and impoundments in northeast South Dakota are relatively shallow, with
maximum depths typically less than 8 m and the deepest being 12.5 m. Waters in northeast South
Dakota are predominately eutrophic to hypereutrophic.

Netting

Western painted turtle bycatch data from modified fyke nets were collected during fish population
assessments in northeast South Dakota from May to September of 2012–2014 at 38 lakes and seven
impoundments. Modified fyke nets differ from regular fyke nets in that they have rectangular frames
to enhance their stability (Hubert 1996). Modified fyke nets were constructed of 1.9 cm mesh
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(bar measure), with a 15.2 m lead, two 0.9 £ 1.5 m rectangular frames, and three 0.9 m diameter
hoops (Moos & Blackwell 2016). The entrance was 7.6 cm wide £ 0.9 m high, and had a maximum
stretch width of approximately 17.8 cm. The throat was 18 cm in diameter, exhibited minimal
stretch and included a crow’s foot to reduce fish escapement.

Net locations used during fish population assessments were fixed at standardized locations and
no net locations were sampled more than once annually. Nets were set in the morning, lifted the fol-
lowing day, and moved to a different standard location each day of the survey. Leads were staked on
shore and stretched perpendicular to the shoreline. Depth and habitat at each net location varied;
however, no depth or habitat data were recorded. Nets were not altered to allow turtles’ access to air
(e.g. float, chimney, etc.) and the cod-end of the modified fyke net rested on the lake bottom. Nets
that were set in shallow water, allowing turtles’ access to air, were excluded from the analysis.

Annual netting effort varied depending on waters sampled. Nine lakes and two impoundments
are sampled annually and all other waters are sampled on a rotation ranging from 2 to 5 years. No
waters were sampled more than once annually and assessments for individual waters occurred at
approximately the same date each time they were surveyed.

Water temperature was recorded the first day of each fish population assessment. Fish population
assessments generally occur over multiple days; therefore, data collected during each fish population
assessment were assigned to the first day of the population assessment. The curved carapace length
(CCL; mm) and sex of captured western painted turtles were recorded for all captured turtles. The
CCL was measured with a flexible metal measuring tape and the sex of each turtle determined by
observation of secondary sexual characteristics including foreclaw length and precloacal tail length

Figure 1. Locations of 38 lakes and seven impoundments where the condition and mortality of western painted turtles (Chrysemys
picta bellii) captured as bycatch in modified fyke nets was assessed in northeast South Dakota during 2012–2014. The Prairie
Coteau is highlighted in gray, and county boundaries and major rivers are shown.
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(Cagle 1954; Gibbons 1968; Ernst 1971a; Gibbons & Lovich 1990; Mitchell 1994; Rowe 1997). Sex of
western painted turtles <10 cm CCL is difficult to differentiate using secondary sexual characteris-
tics; therefore, they were classified as undetermined. Sexual maturity of captured turtles was not
determined.

Condition

We employed a method similar to LeDain et al. (2013) that uses reflex responses to assess stress of
turtles captured as bycatch in modified fyke nets during fish population sampling. Using tactile and
escape responses, we classified turtle condition as good, poor, and unresponsive. Good condition
was assigned to turtles exhibiting no adverse effects. When handled they were able to fully retract
and hold appendages in their shell or actively clawed to escape. Poor condition turtles were lethargic,
exhibiting an inability to retract and hold appendages in their shell and little to moderate movement
of limbs, mouth, and eyes. Unresponsive condition was assigned to turtles that exhibited no move-
ment when handled. The proportion of turtles exhibiting each classification was determined for
each fish population assessment.

We used regression to test the proportion of each condition classification against water tempera-
ture; when the relationship was not linear, a non-linear equation was fit to the data. In addition, we
compared data from two time periods, May–June and August–September, to determine if the timing
(i.e. early or late summer) of fish population assessments influenced turtle condition. The May–June
and August–September time periods were selected because they include the greatest temperature
range and May–June encompasses increasing water temperatures and August–September contains
decreasing water temperatures. July was excluded from this part of the analysis because water tem-
peratures are consistently high. We used analysis of covariance (ANCOVA) to test if linear relation-
ships between condition and water temperature, water temperature was the covariate, differed
between the two time periods and to determine if the relationship between condition and CCL, CCL
was the covariate, varied between males and females. We also tested whether a difference in the pro-
portion of each gender by condition was observed within each time period using analysis of variance
(ANOVA). Three time periods were tested in the ANOVA: May–June, July, and August–September.
We included July in this analysis to determine if a difference in the condition between genders was
observed during periods with high water temperature. Proportions used in the ANOVA analysis
were logit transformed (Warton & Hui 2011). Assessments with less than 10 turtles (n D 10) were
excluded from the analysis.

Mortality

Delayed mortality was assessed during June–September of 2013 and 2014. Good condition turtles
were assumed to have high survival rates and were released after measuring. Subsamples of poor
(n D 123) and unresponsive (n D 153) condition western painted turtles were retained during fish
population assessments on 14 lakes and three impoundments. Sex and CCL were recorded for each
turtle and they were separated by condition designation and placed on shore under inverted clear
plastic containers. The clear plastic containers were 55.9 cm long £ 40.6 cm wide £ 17.8 cm high,
with an opening cut in the long side that was 17.8 cm long £ 7.6 cm high to allow turtles to escape.
The containers were placed on shore near the waterline on gradual sloping shorelines with the
escapement hole facing downhill. A 4.54 kg anchor was placed on top of each container to keeping
it in place. The number of turtles placed under the container was �10, depending on size of turtles,
to prevent overcrowding which could influence their ability to escape. Containers were left on shore
overnight and checked the next day. Gender was determined and CCL was measured for turtle mor-
talities remaining in the containers. Data from containers that had been tampered with (n D 4) were
not included in the analysis.
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Observed mortality was evaluated for each sex by the condition classification, which was then
applied to each fish population assessment to estimate the total mortality rate. We used linear
regression to test the influence of water temperature on the estimated mortality rate. Assessments
with less than 10 turtles captured (n D 10) were excluded from the analysis. We used the same time
periods as in the condition analysis, May–June and August–September, and ANCOVA was used to
test between time periods the influence the covariate water temperature had on observed mortality.
Linear regression was used to determine if mortality varied by CCL for each sex. Male versus female
variation in mortality across the covariate, CCL, was tested using ANCOVA. All statistical tests
were completed using SYSTAT 13 (2009); alpha was set at 0.05.

Results

Condition

Condition was determined for 3435 western painted turtles collected during 1188 net-nights for a
mean catch rate of 2.89 (SE D 0.17) turtles per net-night. Condition of collected turtles was 1484
(43.2%) in good condition, 792 (23.1%) in poor condition, and 1159 (33.7%) were unresponsive. As
water temperature increased the proportion of turtles in good condition decreased (p < 0.001; r2 D
0.250) and the proportion of unresponsive turtles increased (p < 0.001; r2 D 0.228; Figure 2). A
non-linear relationship was observed between poor condition turtles and water temperature with
poor condition peaking between 20 and 24 �C (Figure 2).

The proportion of good condition turtles was lower during the May–June time period than dur-
ing August–September (Figure 3). The slopes of the regression lines were not significantly different
(p D 0.430); however, the intercepts were significantly different (p < 0.001). Comparison of the
poor condition turtles from the two time periods indicated different non-linear trends, with the
May–June peak between 20 and 21 �C and the August–September peak between 21 and 24 �C
(Figure 3). Similar to the relationships for good condition turtles, the slopes of the regressions for
the two time periods for unresponsive condition turtles did not differ significantly (p D 0.121) but
the intercepts (p < 0.001; Figure 3) were significantly different. The amount of variation in condi-
tion explained by temperature was higher during the May–June and August–September periods
(Figure 3) than for the overall condition temperature relationship (Figure 2).

Condition was determined for 2160 male, 1184 female, and 91 undetermined sex turtles. The
proportion of good (p D 0.104), poor (p D 0.638), or unresponsive condition (p D 0.080) males was
not related to CCL (Figure 4). Similarly, the proportion of good (p D 0.359), poor (p D 0.603), and
unresponsive condition (p D 0.315) females did not change significantly across CCL (Figure 4). The
proportion of males in good condition tended to be higher than females across CCL; regression line
slopes did not differ (p D 0.119) but the intercepts were significant (p D 0.050; Figure 4). The pro-
portion of males and females in poor condition was similar across CCL as the slope (p D 0.562) and
intercept (p D 0.413) of the two regression lines were similar (Figure 4). The proportion of females
classified as unresponsive was higher than males across CCL; both the slope (p D 0.050) and inter-
cept (p < 0.001; Figure 4) of the regression lines differed significantly. No significant differences
were observed in the proportion of males versus females in good condition (p D 0.705), poor condi-
tion (p D 0.368), and unresponsive condition (p D 0.321) across time periods.

Mortality

Delayed mortality was evaluated for 123 poor condition and 153 unresponsive western painted turtles.
Male mortality rates in the subsample were 16.5% (n D 85) for poor condition and 96.3% (n D 80) for
unresponsive condition. Female mortality rates in the subsample were 24.3% (n D 37) for poor condi-
tion and 95.2% (n D 63) for unresponsive condition. Low numbers of poor condition
(n D 1) and unresponsive condition (n D 10) undetermined sex turtles within the subsample preclude
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mortality analysis. Based on our delayed mortality estimates for each condition and sex, and assuming
100% survival of good condition turtles, we estimate that 33.2% (717 of 2160) of males and 42.1% (499
of 1184) of females collected as bycatch during fish population assessments with modified fyke nets
perished. The overall estimated delayed mortality of known sex turtles is 36.4% (1216 of 3344).

Estimated delayed mortality rates were related to water temperature (p < 0.001; r2 D 0.249) with
an increasing trend in mortality as water temperature increased (Figure 5). As with condition data,

Figure 2. Proportion of good, poor, and unresponsive western painted turtles (Chrysemys picta bellii) by water temperature (�C).
Turtles were captured during fish population assessments using modified fyke nets conducted from 2012 to 2014 in northeast
South Dakota.
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the relationship of mortality rate to water temperature varied by our defined time periods. Mortality
rate was higher across temperatures during the May–June period than the August–September period
as the intercepts of the regression lines differed significantly (p < 0.001) but the slopes were similar
(p D 0.126; Figure 5). Similar to condition analysis, a higher proportion of the variability could be
explained by changes in temperature during the May–June and August–September time periods
(r2 D 0.468 and r2 D 0.588, respectively; Figure 5) when compared to the overall mortality and

Figure 3. Proportion of good, poor, and unresponsive western painted turtles (Chrysemys picta bellii) by water temperature (�C),
for two time periods (May–June or August–September). Turtles were captured during fish population assessments using modified
fyke nets conducted from 2012 to 2014 in northeast South Dakota.
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temperature relationship (r2 D 0.249; Figure 5). Delayed mortality did not change significantly
across CCL for males (p D 0.072) or females (p D 0.274; Figure 5). Female mortality rates were
higher across CCL than that observed for males; both the slopes (p D 0.046) and intercepts (p <

0.001; Figure 5) of the regression lines by sex differed significantly.

Figure 4. Proportion of good, poor, and unresponsive western painted turtles (Chrysemys picta bellii) across curved carapace
length (cm) for each gender (males solid circles, females open circles). Turtles were collected as bycatch during fish population
assessments using modified fyke nets conducted from 2012 to 2014 in northeast South Dakota.
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Discussion

We found that condition classification using reflex response was effective, easily incorporated into
fish population assessments and provided new information concerning western painted turtle

Figure 5. Relationship between estimated mortality rate and water temperature (�C; top), water temperature by time period
(May–June D solid triangles and August–September D open triangles; middle) and curved carapace length (CCL; cm) for each
gender (male D solid circle and female D open circle; bottom). Western painted turtles (Chrysemys picta bellii) were collected as
bycatch during fish population assessments using modified fyke nets conducted from 2012 to 2014 in northeast South Dakota.
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bycatch in modified fyke nets. Like LeDain et al. (2013), we believe that the use of reflex response is a
valuable method for assessing stress and condition of painted turtles captured as bycatch. All field
personnel, including inexperienced interns, were able to classify the condition of captured turtles
with reasonable confidence. Despite the subjective nature of the condition classifications, the only
difficulty encountered was observing slight signs of stress and thereby determining the distinction
between good and poor condition. The effectiveness of this classification technique for other species
of turtles is unknown.

The time component of the standard fish population assessment protocol likely contributed to
the variability observed in turtle condition and mortality in this study. Nets are set in the morning
and checked the following morning and at any time during that interval turtles may be captured in
the modified fyke net. A turtle that swims into a net five minutes before the net is pulled is likely to
be classified as good condition even with factors present that increased stress and mortality rates,
such as high water temperature and assessments conducted during the May–June period.

The scope of bycatch mortality was limited during this study as we only measured delayed mor-
tality of turtles placed on shore. Long-term impacts and the effects of the study design on mortality
are not known and may vary based on treatment of affected turtles. LeDain et al. (2013) noted mixed
results when testing the recovery of turtles placed in water versus on a platform. No significant dif-
ference was observed among blood lactate, blood pH, or reflex responses between the two treat-
ments. However, reflex response values were lower for turtles recovering on the platform compared
to those recovering in water.

Water temperature is an important factor in the condition and mortality rates of western painted
turtles captured as bycatch during fish population assessments conducted with modified fyke nets.
Western painted turtles appear to be able to cope with prolonged (i.e. up to 24 h) submergence at
water temperatures below 20 �C. Stress increased as water temperature increased, as was evidenced
by increasing proportions of poor and unresponsive condition turtles and increasing mortality rates.
Temperature has been previously identified as an important factor in turtle bycatch mortality. Barko
et al. (2004) noted that the greatest mortality of turtle bycatch was correlated with higher water tem-
perature in the upper Mississippi River. Gatten (1981) noted that whole-body lactate levels in
painted turtles increased to 300 mg% after two days forced submergence at 25 �C; while an increase
to the same whole-body lactate level required submergence for two weeks at 5 �C. Ultsch et al.
(1984) observed painted turtle mortality if blood pH decreased by one full unit.

The observed non-linear relationship in poor condition turtles may indicate that there is a critical
temperature threshold range of 20–24 �C for western painted turtles submerged for up to 24 h. Her-
bert and Jackson (1985) studied recovery of western painted turtles after prolonged anoxic submer-
gence and they determined the duration of submergence at each tested temperature by a decrease in
blood pH to 7.0–7.1. At 15 �C, blood pH decreased to 7.1 after 3 days submerged and full recovery
of blood pH took 2 days. At 20 �C, blood pH decreased to 7.2 after only 12 h submerged and
required 36 h for full recovery.

We observed that western painted turtles are better able to survive up to 24 h submergence dur-
ing the August and September assessments with higher condition ratings, lower mortality rates and
higher temperature threshold range than during May and June assessments. The mechanism causing
the observed variation in the condition and mortality of turtle bycatch during the two time periods is
unknown. One possible factor may be seasonal acclimation. Olson and Crawford (1989) in a com-
parison between all four seasons observed lower protein content, greater non-bicarbonate buffering
capacity, and higher lactate dehydrogenase activity in the heart muscle of painted turtles during
autumn. However, the timeframe of October and November tested by Olson & Crawford (1989)
was later than what we tested. Another possible factor is that turtles captured during the May and
June time period may be more stressed due to natural seasonal patterns. Waters in northeast South
Dakota are typically not ice-free until early to mid-April; thus, spring courtship and mating likely
occurs from late-April to early-June (Gibbons 1968; Ernst 1971b). It is important to note, courtship
and mating has been observed during autumn among painted turtles (reviewed in Ernst 1971c).

276 T. S. MOOS AND B. G. BLACKWELL



Nesting likely takes place between late-May and early-July (Cagle 1954: Ernst 1971b: Moll 1973:
Iverson & Smith 1993). During courtship and mating, increased blood lactate levels have been
observed in both male and female red-sided garter snakes (Thamnophis sirtalis parietalis; Shine
et al. 2004) and increased corticosterone has been observed in male and female red-spotted newts
(Notophthalmus viridescens; Reedy et al. 2014), indicating increased stress. Romero (2002) noted
that glucocorticoid levels were greatest during breeding periods for most reptile species tested,
including some turtle species; however, no data for painted turtles were presented. In addition,
among turtle species that have not shown increased glucocorticoid levels during breeding periods,
effects of stress may not be apparent due to downregulation of the adrenocortical response (Moore
& Jessop 2003). The researchers noted that, although mortality may increase, it may be necessary to
downregulate adrenocortical response during reproduction to maximize reproductive success.
Female painted turtles that had just completed nesting were found to have increased whole-body
lactate levels (Congdon & Gatten 1989). However, females were not in significantly worse condition
compared to males during any time periods in our study. It appears that differences in condition by
time period were similar for both genders. It is unclear whether any of these factors or an unknown
variable accounts for the variation in stress level in western painted turtles between May–June and
August–September assessments.

The increased mortality rate we observed for female western painted turtles is cause for concern.
Increased adult female mortality could have drastic implications for turtle populations. Reed et al.
(2002) noted the annual removal of two adult female alligator snapping turtles (Macrochelys tem-
minckii) from a total population of 200 would result in a 50% reduction in the population within
50 years. Midwood et al. (2015), using population viability analysis to look at long-term effects of
commercial bycatch mortality, indicated that an increase in annual mortality exceeding two adult
female painted turtles was sufficient to extirpate the population from Lake Opinicon, Ontario, Can-
ada, within 350 years.

Mortality rates did not vary by CCL for either gender. However, because turtles �10 cm in CCL
comprise >97% of the western painted turtle bycatch in modified fyke nets (Moos & Blackwell,
2016), most of the observed mortality occurs among larger, likely adult, western painted turtles.
Painted turtles are long-lived and have high mortality rates at the egg and juvenile life stages with
mortality rates decreasing substantially once they reach sexual maturity (Wilbur 1975; Mitchell
1988; Frazer et al. 1991). Brooks et al. (1991), studying mortality of common snapping turtles, noted
that increased mortality of adults, among species that have long life spans, late sexual maturity and
high juvenile mortality, results in prolonged population recovery time or extirpation unless immi-
gration, fecundity, growth rate, or juvenile survivorship increase.

It is evident that biological sampling with modified fyke nets has the potential to capture and kill
large numbers of western painted turtles. However, it is not well known how the bycatch mortality
impacts turtle populations. Midwood et al. (2015) indicated that population extirpation, resultant of
commercial bycatch, could occur among the four turtle species they examined, including painted
turtles. Further research modeling bycatch mortality is needed to better understand potential effects
on turtle populations.

The results of this study provide information necessary to increase awareness of bycatch during
biological sampling. This is important because fisheries researchers and resource managers need to
be cognizant of the potential negative impacts on non-target species that can occur during standard
sampling and hopefully will subsequently try to minimize the impacts on bycatch. The differences
in condition and mortality by time period observed in this study indicate that researchers should
avoid using modified fyke nets during May and June; however, in a previous study (Moos & Black-
well 2016) observed turtle bycatch rates were higher during the August and September time period,
offsetting the differences in mortality rate. To reduce bycatch mortality, we recommend fisheries
researchers and managers avoid overnight sets of modified fyke nets when water temperatures are
>20 �C. Also, setting nets in shallow water providing turtles’ access to air would reduce bycatch
mortality (Bury 2011). Finally, net alterations, including exclusion devices (Lowry et al. 2005;
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Fratto, Barko, and Scheibe 2008; Fratto, Barko, Pitts, et al. 2008; Larocque et al. 2012a), escapement
devices (Lowry et al. 2005; Fratto, Barko, Pitts, et al. 2008; Larocque et al. 2012a), or floats (Larocque
et al. 2012b), could also reduce turtle bycatch mortality. However, net alteration designs in most of
the aforementioned studies resulted in altered catch dynamics, including size structure or catch rates
among some species of fish. Further refinement of net alteration designs is needed to provide mor-
tality reduction methodology for a wide range of sampling conditions.
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