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The purpose of this study was to assess the components of mortality for Florida 

Bass Micropterus floridanus with high rates of angler release and to evaluate the 

potential impact of all sources of mortality on bass populations.  My first objective was to 

estimate the total fishing mortality through direct estimates of harvest fishing mortality 

and indirect estimates of mortality associated with catch-and-release fishing across a 

large number of lakes.  My second objective was to directly estimate all components of 

total mortality for a single lake: (a) natural mortality, and (b) fishing mortality due to 

harvest, catch-and-release and tournament components.  My third objective was to 

investigate how seasonal trends in fishing and natural mortality influence mortality 

estimates derived from annual tag-return data.  I used a passive tag reward study 

spread over one management regulation area within central Florida and then utilized a 

combined telemetry-tag return study on Lake Santa Fe, a fishery within north central 

Florida.  All fish were tagged with either a $5, $100, or $200 total reward amount.  The 

last objective was met by simulating a number of mortality scenarios using both 

theoretical and field-based seasonal estimates.  Results of this study indicated that 

overall average fishing mortality for Florida bass in central Florida is relatively low, but 
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much higher fishing mortality at Lake Santa Fe.  Additionally, this study found simulated 

seasonal fluctuations in mortality could bias fishing mortality estimates derived from 

annual tag-return information.  This was especially true for scenarios that simulated 

relatively high natural mortality rates.  Thus, there is a need to evaluate fishing mortality 

at multiple spatial and temporal scales.  For some fisheries this may be easy, as 

mortality rates remain relatively constant over time, but others may be more difficult.  

Thus, I suggest a two-tiered approach with 1) periodic (e.g., 5-10 year intervals) 

estimation of regional fishing mortality across lakes, and 2) site-specific estimates of 

mortality components when fishing mortality is suspected to be high, or when evaluating 

management regulations. 
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CHAPTER 1 
IMPORTANCE OF ASSESSING POPULATION-LEVEL IMPACT OF CATCH-AND-

RELEASE MORTALITY 

Introduction 

Many studies have measured the mortality of fish that are recreationally caught 

and released (i.e., catch-and-release (CR) mortality); however, little work has explored 

methods to understand the population-level impacts of CR mortality on fish stocks.  

Despite considerable examination of biological, ethical, and practical aspects of CR 

fisheries (Arlinghaus et al. 2007; Cooke and Schramm 2007; Arlinghaus et al. 2012), 

little research has evaluated the cumulative effects of the different sources of mortality 

on recreational fisheries.  The purpose of this essay is to provide a brief discussion of 

the different components of mortality for fisheries with high rates of CR and the possible 

cumulative impacts of CR mortality on the quality of these fisheries.  We demonstrate 

the need for studies that evaluate the impacts of CR mortality on fish stocks and 

estimate the fishing mortality rates associated with CR (Fcr). 

Components of Fish Mortality 

The instantaneous total mortality (Z) of a fished population is described by the 

equation 

                 (1-1) 

where F is the instantaneous fishing mortality and M is the instantaneous natural 

mortality.  Fishing mortality is the rate at which fish are removed from a population due 

to fishing.  Natural mortality is the rate at which individuals are lost from a population 

due to natural causes (i.e., predation, senescence, disease, or other natural causes).   

Components of fishing mortality include harvest and deaths of fish that are caught and 
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released (e.g., CR mortality from either immediate or delayed release of caught fish).  

To account for these components, the above equation can be expanded to 

                      (1-2) 

where Fh is the instantaneous fishing mortality rate from harvest and Fcr is the 

instantaneous fishing mortality rate via CR mortality.  Fishing mortality from harvest is 

one of the most commonly estimated parameters in fisheries investigations via tagging 

studies, stock assessment models, and other approaches.  It is important to make the 

distinction between Fcr and CR mortality: Fcr is the instantaneous fishing mortality rate 

resulting from CR mortality, whereas CR mortality is the proportion of individuals that 

die after being caught and released.  Bartholomew and Bohnsack (2005) and Muoneke 

and Childress (1994) reviewed hundreds of published estimates of CR mortality, but we 

found no synthesis or literature reviews of Fcr values.  Relatively few studies have 

measured Fcr for fish stocks. 

For some stocks, Fcr can be a significant source of mortality resulting from 

harvest regulations or behavior of anglers (e.g., voluntary release, Driscoll et al. 2007).  

Harvest regulations can cause Fcr to be a substantial mortality source, particularly if the 

CR mortality rate is high and a large portion of the age structure is protected from 

harvest (Coggins et al. 2007).  Even if CR mortality is not high, impacts can be 

substantial.  For example, Florida’s common snook (Centropomus undecimalis) 

fisheries have been managed with increasingly stringent harvest regulations to prevent 

overfishing, which has increased release rates from 31% in 1981 to over 90% in the late 

1990s (Muller and Taylor 2006).  Common snook have relatively low CR mortality 

(approximately 3%), but owing to increasing fishing effort about 35% of the total fishery 
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related deaths are attributed to Fcr (Muller and Taylor 2006).  Many recreational 

fisheries (e.g., trout [Family: Salmonidae] or black bass [Micropterus spp.]) have high 

release rates of fish that are legal to harvest; thus, traditional measures of Fh may not 

indicate the full impact of fishing on fish abundance, size, or age structure.   

Although estimates of Fcr are not common, this mortality source has not been 

completely ignored.  Most marine and anadromous stock assessments incorporate 

indirect estimates of Fcr by estimating the number of fish released in a fishery and 

multiplying this by an average CR mortality rate obtained from experimental studies.  

The resulting estimate of dead releases is then added to the catch to determine total 

fishing mortality in stock assessment models (i.e., Fh + Fcr).  Similarly, Driscoll et al. 

(2007) used a tag-return study and a range of CR mortality rates from literature to 

understand the impact tournament fishing was having on a largemouth bass 

(Micropterus salmoides) fishery in Sam Rayburn Reservoir, Texas.  The combined 

mortality associated with CR fishing (i.e., mortality of tournament released and fish 

immediately caught and released) accounted for 19-50% of the total fishing mortality.   

Future Research and Management Needs 

Future research needs to move past estimating CR mortality to developing more 

intensive field studies to measure Fcr for a wide range of fisheries.  In our experience, 

many fisheries professionals report CR mortality as if high values are harmful and low 

values are not a concern.  However, the ultimate impact of CR mortality on fish 

populations is known only through estimates of Fcr, because low CR mortality can have 

large population impacts (common snook example above).  Only by estimating Fcr will 

we understand the impacts of CR mortality on fish stocks.   



 

14 

There are two basic options for estimating Fcr.  First, applying literature-derived 

CR mortality rates in stock assessments or tag return studies as per Driscoll et al. 

(2007) would provide estimates of Fcr.  This may be the only feasible option for 

evaluating Fcr for recreational fisheries that occur in the open ocean or on some of the 

larger inland lake and riverine systems.  However, for many freshwater and estuarine 

fisheries a second method is possible.  We suggest using a combination of telemetry 

and tag return methods shown to provide unbiased estimates of fishing and natural 

mortality rates (Pollock et al. 2004).  In this framework, a fishery dependent high reward 

tag-return study is primarily used to estimate Fh whereas telemetry or fishery 

independent tags are used to estimate M (Pollock et al. 2004; Bacheler et al. 2009).  

Pollock et al. (2004) illustrated that combining the two tagging methods incorporated the 

advantages of both approaches and provided more precise estimates of Fh and M than 

either method would individually.  This design could be expanded to include additional 

mortality components if the fates of all caught telemetered fish are known.  For 

example, tagging all telemetered fish with an additional external high-reward tag would 

allow researchers to document when fish are caught.  If the fish is harvested it would 

contribute to Fh in the typical way.  If the fish is released, then its survival could be 

monitored to estimate Fcr.  This method also assumes reporting rate to be 100%, which 

is realistic owing to use of high reward tags.  Non-reporting may still occur but it would 

be considered negligible.  Although this method is not infallible (e.g., tag loss, incorrect 

fate determination, and tag failure), it is an improvement upon the resolution and 

uncertainty of conducting tag-return and telemetry studies independently (Pollock and 

Pine 2007). 
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Thus, we contend that future fisheries research should be less directed at 

estimating CR mortality where estimates exist under a range of environmental 

conditions for well-studied species (examples in Cooke and Suski 2005).  Instead, 

efforts should shift toward measuring Fcr, which could be compared to Fh to understand 

whether Fcr could be a significant component of total fishing mortality.  Using this 

information, biologists could explore the population-level effects of both voluntary and 

regulatory release of fish.  Managers can then incorporate this information into 

comprehensive management plans and future data collection needs to further reduce 

uncertainty in understanding stock status. 
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CHAPTER 2 
FISHING MORTALITY DUE TO HARVEST IN FLORIDA LAKES 

Introduction  

Fisheries management plans for individual freshwater fisheries are uncommon 

because most state agencies lack the funding to conduct stock assessments for 

individual fisheries within a region, and relatively few recreational fisheries are of such 

singular importance that they provide strong sociopolitical or economic motives for 

active management (Pereira and Hansen 2003).  Consequently, fisheries management 

plans are often applied across broad spatial regions (Pereira and Hansen 2003).  This is 

particularly true for lake-rich landscapes such as Florida, which has over 8,000 named 

lakes.  Therefore, the Florida Fish and Wildlife Conservation Commission (FWC) has 

focused fisheries research on large (> 405 ha) high priority water bodies that receive the 

most fishing effort to make management decisions for large spatial areas.  As a result, 

many lakes are sampled infrequently, or not at all, and it is unknown whether regional 

regulations are appropriate for desired fishery outcomes (e.g., trophy fish production, 

high catch rates) on individual lakes.  Thus, it is beneficial to explore economical ways 

to evaluate the efficacy of management strategies across broad spatial scales. 

Florida’s freshwater fisheries are worth $1.7 billion annually to the state's 

economy (Smithwick Associates 2012), the majority of which is dedicated to 16 million 

anglers days spent targeting black bass Micropterus spp. (USFWS 2011).  A voluntary 

catch and release ethic has increased through the 1990s and 2000s for largemouth 

bass M. salmoides anglers (Myers et al. 2008), and this has caused fishing mortality 

rates to decline through time although rates remain high for some sizes (Allen et al. 

2008).    Henry (2003) found that even when overall fishing mortality was low, 
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exploitation of the largest fish still exceeded 30%.  Therefore, even when exploitation 

rates are low enough that traditional recruitment overfishing is not of concern, fishing 

mortality could still alter the population size structure and substantially reduce the 

number of trophy fish.  In recent years, anglers have expressed a greater interest in 

catching trophy-size fish (Chen et al. 2003; Margenau and Petchenik 2004).  This has 

strong economic implications in Florida where trophy fisheries are important, and thus, 

there is a need to evaluate how fishing mortality rates vary with fish size. 

The objective of this study was to estimate fishing mortality due to harvest for 

largemouth bass in a large number of lakes.  Additionally I was interested in evaluating 

whether fishing mortality varied between lake and fish size groups.  The results of this 

study will provide critical information needed to identify management strategies (e.g., 

harvest restrictions) that could improve recreational fisheries which are an important 

economic aspect of fisheries in Florida. 

Methods 

Sampling 

I employed a passive tag reward study spread over a large number of lakes 

managed with a 356 mm total length (TL) minimum size limit in central Florida (Figure 2-

1) to measure fishing mortality due to harvest.  The lakes within this region potentially 

represented a wide range of exploitation rates, trophic levels, fish abundance, and 

recruitment levels.  The study design did not provide exploitation estimates on any 

specific lake due to the low number of tagged fish per lake, but was intended to provide 

an estimate of the average level of fishing mortality for the overall management region.  

Florida bass were tagged in the fall of 2009 and 2010 on 30 lakes as part of the FWC 

long-term monitoring (LTM) program (Bonvechio et al. 2009).  Lakes within the LTM 
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program are generally large (4,314 ha on average) high priority fishing lakes deemed 

significant fisheries at the state-wide level.  To evaluate whether fishing mortality varied 

with lake size, Florida bass were also tagged in the fall of 2010 at 29 additional small 

lakes (< 405 ha) that are not part of the FWC LTM program such that in 2010 there 

were fish tagged in 59 lakes in total.  All Florida bass collected were measured to the 

nearest millimeter TL, and a subsample was tagged with plastic tipped dart tags (PDAT, 

Hallprint®) and released in the same area where they were captured.  The PDAT tags 

were 124 mm in length, with a barb length of 18.5-mm and have an outside diameter of 

4.0 mm (Figure 2-2). 

To evaluate whether fishing mortality varied with fish size, I attempted to tag a 

minimum of 200 fish per two size groups (350-500 mm TL and > 500 mm TL).  Because 

large fish are relatively rare, fish over 500 mm TL were tagged at a higher proportion 

than the smaller size group to obtain an adequate sample size for estimating fishing 

mortality for both size groups.  To insure some spatial distribution of fish within each 

lake, a maximum of two total fish were tagged per transect during LTM on large lakes, 

and all fish were tagged immediately after capture during sampling on small lakes.  The 

entire perimeter of the lake was generally sampled on small lakes.  Additional 

information on the standardized protocol and sampling design of the LTM lakes can be 

found in Bonvechio et al. (2009). 

The passive tagging approach required several assumptions that are common to 

tagging models.  These include 1) the tagged sample is representative of the target 

population, 2) the fate of each fish is independent, and 3) all tagged fish within a cohort 

have the same annual survival (adapted from Pollock et al. 2001).  To ensure the 
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tagged fish were a representative sample of the target population, the number of fish 

tagged at each lake was based on lake size, so that the number of tagged fish in each 

lake was roughly proportional to the fish population size (Table 2-1).  To ensure all 

tagged fish had the same possibility of survival due to fishing mortality, all lakes had the 

same harvest regulation.   

Additional assumptions of the passive tagging approach are 1) all fish with high 

reward tags caught by anglers are reported, and 2) tag loss and tagging mortality are 

minimal.  All fish were tagged with either a $5 or $200 reward amount.  The relative 

return rates were used to estimate the reporting rate for $5, based on the assumption 

that all $200 tags are reported by anglers (Nichols et al. 1991; Taylor et al. 2006). The 

variable-reward amount for tag returns were used to estimate the reporting rate of $5 

tags by assuming that all $200 tags are reported by anglers.  This assumption is 

reasonable based on previous work by Nichols et al. (1991), Taylor et al. (2006), and 

Meyer et al. (2012).  Tags had printed instructions indicating the reward amount and 

how to report catches of tagged fish (Figure 2-2).  Tagging mortality is generally very 

low for Florida bass tagged with dart tags in the fall (Henry 2003).  I estimated short-

term tagging mortality by placing tagged fish in mesh cages for 72 hours in four private 

lakes.  Tag loss was determined by releasing fish in four private lakes that were double-

tagged with dart tags and implanted with internal passive integrated transponders that 

have been shown to have a 100% retention rate (Harvey and Campbell 1989; 

Hangsleben et al. 2012).  Recapture trips occurred in conjunction with another study 

(Hangsleben et al. 2012) where sampling occurred two times in fall (early December) of 

2009, spring (February–March), and summer (June) and three times in fall of 2010 and 
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spring of 2011.  Tag loss was estimated independently of the mortality model as the 

expected proportion of tag loss in a binomial distribution given the number of fish 

recaptured. 

Press releases and signs were used to inform the public about the study (Pollock 

et al. 2001).  Signs were posted at fishing access points around each lake and at local 

bait and tackle shops, but the dollar amount of the rewards were not specified on 

signage (Figure 2-3).  Anglers were told to send catch information to FWC’s Angler Tag 

Return Hotline.  Information collected from anglers included date and location of catch, 

and fate of the fish (i.e., harvested or released).  

Model Structure and Analysis 

Jiang et al.’s (2007) tag return model was used to estimate fishing mortality 

within a Bayesian framework.  This  model was developed from an instantaneous rates 

formulation of the Brownie tag return model (Brownie et al. 1985; Hoenig et al. 1998) 

and improved upon past tag return studies by allowing for catch and release of fish as 

well as harvest.  This was accomplished by separating deaths due harvest and the 

“deaths” of tags removed from fish released alive.  Within the model expected number 

of low reward tags ($5) returned E[RHij] from fish tagged and released in year i and 

harvested (H) in year j was 

 [    ]                   (2-1) 
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in which Ni is the number of fish tagged in year i, the subscript v referring to the tags 

that survived (S), j refers to the year a tag was returned, RHij is the number of tags 

reported as harvested,   
 
 is the probability of a tagged fish being harvested and 

reported by an angler, λ is the estimated reporting rate for low reward tags, Sj is the 

annual survival rate, FH is the instantaneous rate of fishing mortality for tags of fish 

harvested,    
 

 represents the instantaneous fishing mortality for tags of fish caught and 

released, and M is the instantaneous natural mortality rate.  The expected number of 

standard tag returns ( 
  

 
) (from fish tagged and released in year i and caught-and-

released without a tag in year j was 
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where    
 

 is the probability of a tagged fish being caught, released and reported by an 

angler. The same expressions are used for high reward tags except that λ was removed 

because of an assumed 100% reporting rate.  Regional, lake and fish size capture and 

fishing mortality rates were estimated from their respective data sets with the same 

model structure.  

The multinomial likelihood function (Ltag) of fish tagged in year i and subsequently 

harvested or caught-and-released (RHij and R’CRij, respectively) follows Hoenig et al. 

(1998) and is 
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Equation 2-5 can be simply described as the number of ways the observed events can 

occur, multiplied by the probabilities of the events.  The probabilities within this 

likelihood are determined by the parameter values within the model, specifically, FH and 

   
 

.  Unless stated specifically, all prior distributions used in the model were 

uninformative uniform distributions (McCarthy 2007).  Posterior distributions of the 

model parameters were sampled using OpenBUGS (http://www.openbugs.info/w/), a 

free software program for implementing Bayesian analyses.  The Bayesian approach 

was chosen because it has been shown to be a statistically robust way of integrating 

multiple data sources, and it can consider prior information about a problem thus 

improving statistical inference (Walters and Martell 2004; Kurota et al. 2009).  

Additional derived parameters were also calculated from estimated parameters.  

The instantaneous catch and release fishing mortality rate FCR is then explained by: 

          
             (2-6) 

To account for catch-and-release mortality, total F was adjusted upward ( ̂   ) using the 

following equation (Jiang et al. 2007):  

 ̂             
            (2-7)  

where δCR is the average discard mortality rate of caught and released fish, and    
 

 is 

the instantaneous capture rate of fish that are caught and released.  Catch and release 

mortality was estimated using an uninformed binomial distribution and telemetry data 

from Chapter 3 as the total number of deaths due to catch and release (n= 5) divided by 

the total number released (n = 67) within the regional tagging model.  The total capture 

rate (Fo) within the fishery was calculated as the sum probability of being harvested (FH) 
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and the probability of being caught and released (   
 

).  Deviance information criterion 

(DIC) was used to evaluate the likelihood of different models that incorporate fish and 

lake size groups (Spiegelhalter et al. 2002). 

Model assumptions followed Jiang’s (2007) age-independent tag return model 

structure.  The model assumed 1) λ is constant over years and between release types 

(i.e., released vs. harvested), 2) all tagged fish were fully recruited to the fishery, 3) M 

was constant over years, and 4) fates of tagged fish are independent.  For a full 

discussion of model assumptions and potential biases inherent in high reward multiyear 

tagging studies, see Pollock et al. (2001).   

Within this two-year study, information about natural mortality was only obtained 

from the second year of tag returns as the ratio of tag returns between the first and 

second year tagged cohorts.  Estimates of λ and natural mortality can be unreliable 

even over long-term (e.g., 20 years) tagging studies (Pollock et al. 2004).  To overcome 

this issue, an alternative estimate M was considered, using an informative prior from a 

combined telemetry-tag return study.  The informative prior provided an alternate 

estimate of natural mortality, because the estimate from the passive tagging study 

resulted from low sample size and had low precision.  

Results 

A total of 497 Florida bass were tagged in the fall (October through December) of 

2009 on 30 large lakes currently sampled by FWC’s LTM program (Table 2-2).  During 

the fall of 2010 Florida bass were collected and tagged from 30 LTM lakes (N=561) 

(Table 2-3) and 29 small lakes (N=247) within the same regulation zone (Table 2-4).  A 

total of 247 tags (18%) with a total reward cost of $31,850 were reported for fish caught-
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and-released or harvested by anglers across all lakes sampled over the two years of the 

study (Table 2-5).  After the completion of the study, an additional 66 tags valued at 

$10,470 were reported as caught or harvested as of April 2013. 

Tag loss and tagging mortality estimates were minimal.  Within one year of 

release, 91 of 195 double-tagged fish released into four private lakes were recaptured 

at least once after initial release.  Seven recaptured fish lost their dart style tag.  Thus, 

estimated annual instantaneous tag loss was 0.09 (SD = 0.032).  No deaths were 

observed among 127 double-tagged fish placed within cages during the 72-h holding 

period, and thus, short-term tagging mortality was assumed to be nil. 

A comparison of uninformed (M ~ uniform, a = 0, and b = 1) and informed (M ~ 

normal distribution, μ= 0.37, SD = 0.053) models resulted in a wide range of natural 

mortality estimates (Figure 2-4).  Comparison between the models resulted in in a ∆DIC 

of 2 and a slight compression of the residuals, indicating a slightly better fit using 

uninformative priors.  Natural mortality estimates ranged from 0.77 (95% credible 

intervals [CI] = 0.48 – 0.98) using an uninformative prior to 0.42 (95% CI = 0.32 – 0.52) 

with an informative prior estimated from Chapter 3 of this study (Figure 2-4). Thus, the 

M estimate was higher for the uninformed estimate, but this estimate also contained 

substantial uncertainty (Figure 2-4). 

However, which M estimate was used had relatively minor influence on fishing 

mortality rates.  Annual mean estimates of fishing mortality (FH) ranged from 0.08 (95% 

CI = 0.06 – 0.11) to 0.10 (95% CI = 0.08 – 0.13) depending on whether M was informed, 

and values exhibited extensive overlap of the credible intervals (Figure 2-5).  All 

estimates of fishing mortality described below utilized the informed M estimate as I 
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believed the informed model contained better information about M based on results 

from Chapter 3.  

Annual mean capture rate Fo across both years was 0.30 (95% CI = 0.25 – 0.36) 

with a directed fishing mortality rate FH of 0.10 (95% CI = 0.08 – 0.13), and estimates 

were similar between years (Table 2-6).  The average instantaneous catch and release 

fishing mortality (FCR) was 0.02, with voluntary release rates as high as 72% to 84%.  

This means that FCR ranged from 18% to 22% of the total adjusted fishing mortality 

estimate.  All mortality and capture rates were estimated with a reporting rate of 0.55 

(SD = 0.07) for low reward tags and a     of 0.09 (SD = 0.03).  The reporting rate (λ) 

was estimated as a parameter within the tagging model as the ratio between the high 

and low reward tags.   

Fishing mortality rates were similar in both years and across fish size and lake 

size groups.  Although the mean capture rate estimate was slightly higher for small 

rather than large lakes, there was substantial overlap of the 95% credible intervals of 

both fishing mortality and capture rates among different lake and fish size groups 

(Figure 2-6).  The best fit model using DIC selected the null model that did not 

incorporate fish size information in estimating mortality values (Table 2-7).  The best fit 

model comparing lake size information found the model utilizing size information to be a 

slightly better fit model but with an additional 2 parameters needed, parsimony would 

suggest the null model to more appropriate (Table 2-7).  These results suggest that 

directed fishing mortality rates were similar for both fish and lake size groups. 

Discussion  

This is the first study to measure a regional capture and fishing mortality rate for 

a recreational fish across a large number of lakes.  Compared to individual lake studies, 
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the annual fishing mortality rates from harvest from this study were below average for 

largemouth bass in the United States but comparable to other estimates from Florida 

lakes.  Two reviews of largemouth bass mortality rates showed annual exploitation rates 

to range from 7-72% (Allen et al. 1998; Allen et al. 2008), with estimates from central 

Florida ranging from 11-17% (Renfro et al. 1999; Henry 2003).  However, the lower 

rates I obtained of about 0.08 for FH which is equivalent to an exploitation rate (u) of 

0.07 (u=F
1- 

 
; Ricker 1975) were expected with the reported downward trend in 

largemouth bass exploitation as voluntary release rates increase (Myers et al. 2008; 

Allen et al. 2008).  The estimated average capture rate of 0.30 between both years was 

either comparable or lower than other studies.  Henry (2003) found a maximum return 

rate of 33% in Rodman Reservoir, Florida, compared to Driscoll et al. (2007) who found 

that 62% of the tagged largemouth bass population was caught annually at Sam 

Rayburn Reservoir, Texas.  Sam Rayburn reservoir is a popular fishery with relatively 

few alternate fishing sites, and thus it is not unexpected that the capture rate would be 

higher there than the regional average in central Florida because there are thousands of 

potential fishing sites in central Florida.  Overall, my estimates of capture and fishing 

mortality rates were not strongly dissimilar to values in the literature.  

I found no difference in exploitation with fish size.  Henry (2003) found that even 

when overall exploitation was low, average exploitation for memorable sized fish (≥ 510 

mm TL) was almost double that of quality (300-379 mm TL) and preferred (380-509 mm 

TL) sized fish.  However, similar to the findings of Driscoll et al. (2007), my estimates 

comparing size selective fishing mortality revealed no differences.  Past studies on 

largemouth bass fisheries have found angling can influence the size structure of a 
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population even when there is preference for catch-and-release fishing (Hayes et al. 

1995; Carlson and Isermann 2010).  I did not find higher exploitation rates for large fish, 

but the cumulative impacts of fishing mortality as fish grow could influence the number 

of fish reaching large sizes (Dotson et al. 2013).  

I also found no difference in fishing mortality with lake size.  Thus, tagging 

studies conducted in combination with long term monitoring programs that focus on 

large lakes (e.g., FWC’s LTM program) could provide reasonable estimates of 

exploitation across broad spatial regions that include both small and large lakes.  This 

provides a cost-effective sampling design to evaluate the efficacy of regional and/or 

state-wide harvest regulations.  To my knowledge, there are no previous studies that 

directly compare capture or exploitation rates as a function of lake size.  Further study 

should evaluate whether this relationship is maintained through time and other 

geographic locations for smaller lakes. 

The cost associated with a sampling design could be further improved with a 

better understanding of the high reward value necessary to achieve 100% reporting 

rate.  The high reward value was established based on the seminal study by Nichols et 

al. (1991) that estimated the response rate of mallard duck Anas playrhynchus hunters 

and a study of common snook Centropomus undecimalis anglers in Florida by Taylor et 

al. (2001).  Both these studies found $100 to be sufficient to elicit 100% reporting rate.  

The high reward value utilized in this study adjusted their estimates for inflation and 

rounded up to insure the reporting rate assumptions were met, but this may or may not 

have been needed.  A recent study conducted by the Idaho Department of Fish and 

Game found tag values ranging from  $50-$100 was enough to elicit over 96% tag 
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reporting rate for largemouth bass anglers (Meyer et al. 2012).  Additionally, in Chapter 

3 I utilized both $200 and $100 tags and found the $100 tags were enough to elicit a 

97% reporting rate.  Considering this new information, future studies should evaluate 

the reward amount needed in Florida to ensure high dollar reward values are high 

enough but not too high, potentially saving costs.  

Tagging fish in a large number of lakes had benefits in terms of analysis and 

management implications.  From an analysis perspective, the wider dispersal range 

ensures a greater likelihood of tag return independence.  With only a few tags placed in 

any individual lake, anglers are less likely to catch and hold on to multiple low reward 

tags before reporting them once a high reward tag is caught and thereby inflating the 

reporting rate.  I believe this assumption was met with no more than two tags reported 

by any individual angler.  There were only two occasions when anglers reported multiple 

tag returns on the same day and both times the tag values were identical (one angler 

reported two $5 tags and the other reported two $200 tags).  From a management 

perspective, there is also a reduced chance of artificially increasing angler effort via 

fishers fishing for profitable tags (Pollock et al. 2001).  If management objectives are to 

monitor and/or measure fishing mortality, dispersing high reward tags across a large 

geographic range and multiple lakes is unlikely to attract fishing effort on any individual 

system.  Thus, the regional estimates of fishing mortality were robust to issues of 

independence among fish and problems with attracting fishing effort with high rewards. 

The drawback of a regional mortality estimate is that the estimate may not 

represent any one lake.  This means that setting harvest regulations based on the 

regional values may not be optimal for any particular water body.  However, obtaining 
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mortality rates for even a moderate number of individual lakes would be costly, and 

harvest regulations are usually set for a region rather than each individual lake.  Thus, 

obtaining a regional estimate of mortality is insightful for management on the scale 

where management is typically applied.  The regional study such as this provides little 

information on the range of fishing mortality rates among lakes, and perhaps fishery 

managers should combine regional estimates like this study with limited individual lakes 

to obtain some information at both spatial scales.   

My estimate of natural mortality from the passive tags was possibly biased high 

but also had substantial uncertainty.  Past reviews of largemouth bass natural mortality 

found mean instantaneous rates to vary from 0.46 to 0.55 (Beamesderfer and North 

1995; Allen et al. 2008).  While the credible intervals around my M values contained 

these rates, the estimate from the uninformed model was on average 50% larger and 

exhibited a high level of uncertainty (95% CI = 0.48 – 0.98).  This uncertainty can occur 

in the model through the difficulty of allocating fates for the large number of fish never 

seen (i.e., fish are alive and never seen or die naturally and are never seen).  Because 

natural mortality is informed from the ratio of tagged cohorts caught in subsequent 

years, a two-year tagging study has limited abilities to parse out the fate of unseen fish 

(Pollock et al. 2004).  Although the estimates of natural mortality were within the 

predicted range based on latitude (Beamesderfer and North 1995), both Waters et al. 

(2005) and the combined telemetry tagging model (Chapter 3 of this study) found lower 

natural mortality rates than would be expected based on their regional temperatures 

and locations.  Future studies should consider either multi-year tagging studies or 

telemetry methods (Chapter 3) to estimate M. 
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 Lack of information regarding largemouth bass fisheries is a consistent problem 

in evaluating management regulations (Wilde 1997).  Carlson and Isermann (2010) 

noted that lake-rich states like Minnesota often lack fishery data due to logistics and 

budgetary constraints that only allow individual studies to be conducted on large high 

priority lakes.  Estimates of fishing mortality for many largemouth bass populations are 

lacking.  This issue has led to poor understanding of how fishing is impacting most 

largemouth bass populations throughout the United States.  This leaves fishery 

managers with a gap in understanding the relationship between fishing mortality and its 

impact on population dynamics.  Study methods such as these will help reduce this gap 

by adding a successful, cost effective, and versatile tool to fisheries managers’ toolbox. 
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Table 2-1. Lake size categories (ha) and target tagging numbers for regional fishing 
mortality study. 

 

 
  

$200 $5

< 1000 2 4

1,000 - 4,999 4 8

5,000 - 9,999 8 16

> 10,000 16 32

Lake Size (ha)
350 to 500 mm
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Table 2-2. Number of Florida bass tagged within large lakes (>405 ha) from October 
through December of 2009.  Total numbers of tagged fish for each lake are 
separated by fish size group (mm TL, total length) and tag value ($US). 

 

 
  

> 500 mm TL 

$200 $5 $200

Alligator (Osceola County) 1,417 4 2 0

Apopka 12,518 16 12 7

Beauclair 1,111 4 8 1

Blue Cypress 2,600 4 7 2

Crescent 6,514 8 11 2

Dora 4,476 4 8 2

Dorr 759 2 4 1

Eloise 469 2 3 4

Garcia 2,104 4 8 1

George 18,623 14 32 7

Griffin 6,679 8 16 10

Harris 5,580 8 14 2

Jesup 4,051 4 2 2

John's 1,563 4 9 2

June 2,317 4 2 2

Kissimmee 19,808 16 18 3

Marion 1,210 4 8 1

Minneola 764 2 4 0

Monroe 3,808 4 8 8

Newnans 3,006 2 0 1

Panasoffkee 1,805 4 7 1

Pierce 1,509 4 8 1

Poinsett 1,755 4 8 2

Rodman 5,261 8 16 3

Sampson 755 3 2 1

Santa Fe 2,011 4 6 2

Tarpon 1,026 4 8 6

Tohopekaliga 7,612 7 17 4

Toho East 5,541 6 0 0

Weir 2,862 3 0 6

Grand Total 165 248 84

350 to 500 mm TL
Lake Size (ha)
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Table 2-3. Number of Florida bass tagged within large lakes (> 405 ha) from October 
through December of 2010.  Total numbers of tagged fish for each lake are 
separated by fish size group (mm TL, total length) and tag value ($US). 

 

  

> 500 mm TL

$200 $5 $200

Alligator (Osceola Co.) 1,417 5 8 0

Apopka 12,518 16 29 11

Beauclair 1,111 4 6 1

Blue Cypress 2,600 4 9 5

Cresent 6,514 8 16 3

Dora 4,476 4 8 1

Dorr 759 2 2 2

Eloise 469 2 4 6

Eustis 3,155 4 8 2

Garcia 2,104 4 8 4

George 18,623 16 24 12

Griffin 6,679 8 16 5

Harris 5,580 8 16 3

Jesup 4,051 3 0 0

John's 1,563 3 8 6

June 2,317 4 8 2

Kissimmee 19,808 8 28 5

Marion 1,210 4 8 3

Minneola 764 2 4 1

Monroe 3,808 4 8 0

Panasoffkee 1,805 4 8 1

Pierce 1,509 4 8 2

Poinsett 1,755 4 7 0

Rodman 5,261 5 3 2

Sampson 755 0 4 2

Santa Fe 2,011 4 8 11

Tarpon 1,026 4 8 8

Tohopekaliga 7,612 8 17 2

Toho East 5,541 7 12 2

Weir 2,862 4 8 1

Grand Total 157 301 103

350 to 500 mm TL
Lake Size (ha)
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Table 2-4. Number of Florida bass tagged within small lakes (< 405 ha) from October 
through December of 2010.  Total numbers of tagged fish for each lake are 
separated by fish size group (mm TL, total length) and tag value ($US). 

 

 
  

> 500 mm TL

$200 $5 $200

Agnes 155 2 4 2

Alligator (Columbia Co.) 117 2 4 3

Annie 180 2 4 1

Bryant 310 2 4 2

Cooper Creek 78 2 4 5

Deaton 214 2 4 2

Delancy 155 2 3 6

Dias 278 2 4 4

Eagle (Polk Co.) 262 2 4 3

Evers 103 2 4 6

Fairview 160 2 4 4

Farles 32 2 4 1

Francis 218 2 4 1

Georges 330 2 4 0

Gibson 25 2 4 4

Halfmoon 138 2 4 0

Hampton 336 2 4 4

Hollingsworth 142 2 4 5

Ivanhoe 51 2 3 6

Johnson Pond 17 2 4 2

Little Orange 239 2 4 2

Mariana 206 2 3 3

Mill Dam 85 2 0 0

Pasadena 368 2 4 2

Seminole 283 2 4 3

Starke 82 2 4 1

Thonotosassa 344 2 4 3

Umatilla 58 3 4 2

Wauberg 93 2 4 2

Grand Total 59 109 79

350 to 500 mm TL
Lake Size (ha) 
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Table 2-5. Number of Florida bass tagged and reported caught from October 2009 
through September 2011 throughout lakes in central Florida.  Returns 
categorized by the release status of the fish (i.e., harvested or released). 

 

 
 

  

Year # Harvested Released Harvested Released

$5 2009 248 8 11 2 12

2010 410 - - 17 40

$200 2009 249 17 34 4 11

2010 398 - - 13 78

Reward
Tagged 2009-2010 2010-2011
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Table 2-6. Mean annual instantaneous capture (Fo) and mortality rates (total fishing 

[ ̂   ], harvest [FH], and catch and release [FCR]) of Florida bass tagged in 

central Florida between October 2009 through September 2011.  Tags were 
dispersed among 30 large (> 405 ha) lakes in 2009 and a total of 59 lakes (30 
large and 29 small) in 2010. The standard deviation (SD) and 95% credible 
intervals are shown.  Parameter estimates accounted for non-reporting of 
caught fish, tag mortality and tag loss. 

 

 
  

Mean (SD) 95% CI Mean (SD) 95% CI Mean (SD)

F o 0.27 (0.036) 0.21-0.35 0.33 (0.034) 0.27-0.40 0.30 (0.028)

0.11 (0.021) 0.08-0.16 0.09 (0.016) 0.06-0.13 0.10 (0.015)

F H 0.10 (0.020) 0.06-0.14 0.06 (0.012) 0.05-0.09 0.08 (0.012)

F CR 0.02 (0.008) 0.01-0.03 0.02 (0.009) 0.01-0.04 0.02 (0.008)

0.08-0.13

0.06-0.11

0.01-0.04

Overall2010-2011

95% CI

0.25-0.36

 Parameter
2009-2010
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Table 2-7. Deviance information criterion (DIC) values for alternative models fitted to tag 
return data in OpenBUGS. Mortality was allowed to vary by fish or lake size 
(s) or held constant (.). The fish size model utilized data that was collected for 
Florida bass tagged in central Florida from October 2009 through September 
2011.  Tags were dispersed among 30 large (> 405 ha) lakes in 2009 and a 
total of 59 lakes (30 large and 29 small) in 2010. The lake size model only 
utilized data from fish tagged in 2010.   Parameters (pD) in the model are the 
effective number of estimated parameters. 

 

  

Model pD DIC ∆DIC

Fish Size

F. 6 106 0

Fs 9 112 6

Lake Size

F. 4 57 1

Fs 6 56 0
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Figure 2-1. Map of study area for Chapter 2.  Lake sites are highlighted in dark grey.  
Light grey area indicates the 356-mm minimum length limit Florida bass 
management regulation zone. 
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Figure 2-2. Plastic tipped dart tags (PDAT, Hallprint®) used to tag Florida bass to 
determine regional fishing mortality in central Florida. Photo courtesy of David 
Hall. 
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Figure 2-3. Sign placed at the boat ramp of all lakes sampled for the regional fishing 
mortality study within central Florida. 
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Figure 2-4. Comparison of mean annual natural mortality rates estimated from a tag 
return model that utilized an uninformative (M ~ uninformed, a = 0, and b = 1)) 
and informative (M ~ normal, mu = 0.37, and SD = 0.053) prior distribution for 
the natural mortality rate.  The informative prior distribution for M was 
obtained from combined tag return-telemetry data on Lake Santa Fe, Florida.  
Black bars indicate 95% credible intervals. 
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Figure 2-5. Comparison of mean annual capture Fo and fishing mortality rates FH 
estimated from a tagging model that utilized an uninformative (M ~ 
uninformed, a = 0, and b = 1) and informative (M ~ normal, mu = 0.37, and 
SD = 0.053) prior on natural mortality.  The informative prior distribution for M 
was obtained from combined tag return-telemetry data on Lake Santa Fe, 
Florida.  Black bars indicate 95% credible intervals. 
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Figure 2-6. Comparison of mean annual capture Fo and fishing mortality rates FH of 
Florida bass by lake (left panels) and fish size (right panels) groups.  Rates 
estimated from tag return data within 30 large lakes and 30 small lakes 
throughout central Florida from October 2010 through September 2011.  Bar 
represent 95% credible intervals. 
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CHAPTER 3 
COMPONENTS OF TOTAL MORTALITY WITHIN A HIGH RELEASE RECREATIONAL 

FISHERY 

Introduction 

Mortality resulting from recreational fishing may occur through directed harvest or 

mortality of fish caught and released by non-tournament or tournament anglers.  For 

many recreational fisheries, high release rates occur primarily due to regulations, but 

release rates have also increased to due voluntary release of fish by anglers (Quinn 

1996; Myers et al. 2008).  Educational outreach by state and federal agencies along 

with an increased emphasis on catch and release by the outdoor media has likely 

influenced angler behavior and increased voluntary release of fish that are legal to 

harvest (Quinn 1996).  Given that stringent size limits and voluntary releases are 

increasingly common, reliable information about all components of fish mortality is 

needed for informed management of recreational fisheries (Kerns et al. 2012).  

A combined telemetry and tag return model is an effective technique for obtaining 

estimates of F and M.  In this framework, a passive tagging study is primarily used to 

estimate F, and active tags are used to estimate M (Pollock et al. 2004; Bacheler et al. 

2009).  Information about F is primarily obtained from returns of high reward tags, 

whereas information about M is primarily from monitoring movements of telemetered 

fish, where natural mortality is indicated when fish cease movement (Pollock et al. 

2004).  Via simulation, Pollock et al. (2004) suggested that the combined methods 

utilize advantages of both approaches and provide more precise estimates of F and M 

than either method individually.  Further, use of high-reward tags in telemetered fish can 

allow estimation of catch and release mortality, such that mortality of fish can be 
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measured in the days following catch by an angler (Kerns et al. 2012).  This approach 

also allows for precise and relatively unbiased reporting and mortality rates to be 

estimated over shorter time intervals (relative to multi-period tag return studies that only 

provide annual information).  While this method requires extensive effort, it allows for 

direct differentiation between sources of mortality, provides information on the 

seasonality of mortality, imparts data in a timely manner, and therefore, allows 

managers to develop informed management approaches that consider all forms of 

mortality influencing fish stocks. 

The objective of this study was to estimate components of total mortality 

including natural mortality, and total fishing mortality including harvest, catch-and-

release (discard deaths) and tournaments (discard deaths) for a single largemouth bass 

fishery.  As a result of this study, alternative harvest regulations (e.g., permit 

requirements for harvest of large fish, maximum size limits, or effort restrictions) may be 

identified to maintain high-quality fisheries.  This study will also serve as an example for 

designing new methodologies for recreational fisheries where directed harvest is only 

one component of the fishing-related mortality. 

Methods 

Study Area 

Lake Santa Fe (Figure 3-1) is a 2,011-ha mesotrophic lake that is the headwaters 

of the Santa Fe River (LAKEWATCH 2009).  The lake has a mean depth of 5.2 m, a 

maximum depth of 9.1 m, and its littoral edge is dominated by maiden cane Panicum 

hemitomon and bald cypress trees Taxodium distichum.  The Florida bass fishery is 

characterized by being average to above average for its region in terms of directed 
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angler effort (5.81 angler-hours/ha/100 days), fish harvested (0.79 fish/ha/100 days), 

and catch success (0.45 fish/angler-hour; FWC 2009).  The lake experiences a year 

round evening tournament during the week and periodic weekend tournaments.  

Sampling 

Fish were collected via angling and boat electrofishing in the fall (October) of 

2010 and 2011 and boat electrofishing in the spring (March) of 2012.  Electrofishing 

covered the entire shore line and occurred within 50 m of the vegetation line.  Angled 

fish were caught offshore primarily from artificial structures.  All fish larger than 350 mm 

total length were tagged with external variable reward dart tags (PDAT, Hallprint®), and 

a minimum of 75 fish per year were tagged with an internal radio transmitter (Advanced 

Telemetry Systems, F1835).  Dart tags had reward values of high ($200), medium 

($100) and low reward ($5) printed on them along with instructions on how to redeem 

the reward.  The radio transmitters had a life expectancy of 502 days and weighed 14 

grams.  

To insert transmitters, fish were first placed in an inverted position within a v-

shaped cradle.  This cradle was positioned at 45° angle within an aerated tank so that 

the fish’s gill could be completely covered while its ventral side was free of water (Figure 

3-2).  In this position, an approximate 5-cm incision was made along the ventral side of 

the body cavity.  Tags were inserted so that the tag and external antenna were 

completely inside the body cavity.  Two to three stiches were made with monofilament 

suture to close the incision.  Following procedures outlined in Dutka-Gianelli et al 

(2011), cyanoacrylate adhesive was applied to incisions, allowed to dry, and then 

covered with antibiotic ointment.  All transmitters and surgery equipment were sterilized 
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with isopropyl alcohol prior to surgery.  After surgery, fish were placed in an aerated 

holding tank (Figure 3-2) and allowed to recover before releasing the fish near its 

capture location. 

The telemetry portion of the study was similar to the field study conducted by 

Thompson et al. (2007).  After fish were tagged and released they were tracked 

biweekly for approximately one year (expected life span of the tag) to determine their 

fates.  All tagged fish were tracked using ATS R410 receivers with a hand-held Yagi 

antenna and locations of each fish were recorded using GPS receivers.  Radio 

transmitters were used to reduce impacts of submersed aquatic plants on the ability to 

identify fish locations.  The Thompson et al. (2007) approach was modified so that all 

telemetered fish were tagged with $200 external reward dart tags.  This modification 

allowed us to verify if a fish was caught and released by an angler.  Transmitters also 

had contact information, such that fish caught and released but subsequently harvested 

were distinguishable.  Mortality was assumed if fish were repeatedly located in the 

same position over multiple search events (Hightower et al. 2001) or designated as 

harvested if telemetered fish disappeared over successive months.  Fish that 

disappeared were also confirmed as harvested if anglers reported finding the internal 

radio transmitter that carried contact information for research personnel.  Deaths due to 

catch and release or tournaments were assigned if fish died within 30 days of being 

captured by an angler.  The first month of tracking data was censored to account for any 

tagging mortality that may otherwise appear as natural mortality. 

I informed anglers that tagged fish were in the system through press releases 

and signs (Pollock et al. 2001).  Signs were posted at all fishing access points around 
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the lake and at local bait and tackle shops, but the dollar amount of the reward were not 

specified on signage.  Anglers were told to send catch information to FWC’s Tag Return 

Hotline.  Information collected from anglers included date and location of the catch, fate 

of the fish (i.e., harvested or released), and the type of fishing being conducted (i.e., 

tournament or non-tournament).  

Analysis 

The objective of this study was to measure all components of mortality within a 

Florida bass fishery.  The specific goal was to measure the components of mortality as:  

                     (3-1) 

where Z is total instantaneous mortality, M is instantaneous natural mortality, FH is 

instantaneous fishing mortality due to harvest, FR is instantaneous fishing mortality due 

to recreational (non-tournament) catch and release of fish, and FT is instantaneous 

fishing mortality due to tournament release of fish.  Components of catch and release 

fishing mortality (FCR) were subdivided into tournament (FT) and recreational catch and 

release (FR) of fish due to potential difference in mortality rates between these two types 

of fisheries (Muoneke and Childress 1994; Wilde 1998) caused by stressors associated 

with handling and holding of fish during a tournament (summarized by Gilliland and 

Schramm 2002). 

A modified version of Pollock et al. (2004) model was used to estimate the 

components of mortality via a multi-tiered tagging program, including an active telemetry 

and passive tag return model.  This model incorporates a passive tagging program 

following the Jiang et al. (2007) model and an extension of the Pollock (1995) and 

Hightower (2001) telemetry tagging model.  In typical tag return studies, estimating 
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reliable F and M estimates are difficult when tag reporting rates are not known with any 

certainty.  The problem arises when unseen natural deaths cannot be separated from 

unreported harvest.  Pollock et al. (2004) resolve this concern by combining telemetry 

data with a variable reward tagging program to directly observe both fishing and natural 

deaths that would not be seen independently.  

A detailed description of the Jiang et al (2007) model is provided in Chapter 2 of 

this study, and here I describe where differences occurred.  Estimated parameters of 

the model were comparable to Jiang et al. (2007) (i.e., tag reporting, survival, natural, 

and fishing mortality were estimated) with the addition of multiple fishing mortality 

components (FH, FR, and FT) such that 

 ̂           
      

 '.         (3-2)  

where  ̂    is the total fishing mortality across all combined sources,  CR is subdivided 

into catch and release components including the immediate recreational release of fish 

( R) and tournament release ( T).  The instantaneous capture rate (   
 

) of fish that are 

caught and released, analogous to the mortality rate of tags due to catch and release as 

described in Jiang et al. (2007), was also subdivided into recreational (  
 
) and 

tournament (  
 
) release components.  Note that the instantaneous fishing mortality 

rates due to catch and release and tournaments are FR = δ   
 
, and FT = δ   

 
.  

Estimates of FR and FT were obtained by asking anglers when a fish was reported as 

caught and released whether it was caught in a tournament or released immediately 

after capture.  Fates of telemetered fish that died within 30 days of release were 
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recorded according to release status (i.e., recreational or tournament release mortality).   

The total capture rate (Fo) within the fishery was calculated as:  

        
    

           (3-3) 

where harvest (FH), recreational (  
 
), and tournament (  

 
) release for both telemetry 

and dart tag only fish.  Estimates were corrected for tag loss based on the results from 

Chapter 2 where no external dart tag mortality was found and therefore was not 

incorporated.   

To interpret the telemetry data, Pollock et al. (2004) combined the Pollock (1995) 

tagging model with the Hightower (2001) modification for telemetry fish.  I used the 

same method with additional mortality components whereby parameter estimation was 

based on the expected numbers of each possible outcome (i.e., alive, harvested, caught 

and released by a recreational or tournament angler, or dead via natural mortality) for all 

fish released at period i.  If a fish was first relocated alive at period j, it became a part of 

a new (virtual) release at period j+ 1.  The new (virtual) release (Rj) was the sum of new 

releases and those found alive from previous periods (aj).  Then the expected number 

from release Rj first relocated alive at period j + 1 was  

 [    ]       (   )          (3-4) 

where 

  (   )     (               ),       (3-5) 

PA being the probability of being alive, FHj being the instantaneous fishing mortality rate 

due to harvest, FRj being the instantaneous fishing mortality rate of fish that die after 

being recreationally caught and released, and FTj being the instantaneous fishing 

mortality rate of fish that die after being caught in a tournament and released, and Mj 
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being the instantaneous natural mortality rate.  A detection probability of 1 was 

assumed for all telemetered fish. 

The expected number of fish from release RMj relocated dead due to natural 

causes at period j + 1 was 

 [    ]       (   )         (3-6) 

where the probability of natural mortality (PM) was  

  (   )    [
     (               )

              
].       (3-7) 

The expected number of fish from release RHi that died due to harvest and reported by 

an angler was given by 

 [    ]       (   )          (3-8) 

where the probability of harvest (PH) was 

  (   )     [
     (               )

              
].       (3-9) 

The expected number of fish from release Rj relocated dead after being caught and 

released recreationally was given by  

 [    ]       (   )          (3-10) 

where the probability of release (PR) was 

  (   )      
 [

     (               )

              
].       (3-11) 

The expected number of fish from Rj relocated alive after being caught and released 

recreationally was given by 

 [    
 ]       (   )

           (3-12) 

where the probability of surviving release (P’R) was 
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  (   )
  (    )  

 [
     (               )

              
].      (3-13) 

The expected number of fish from release Rj relocated dead or alive after being caught 

and released from a tournament followed the same format as recreationally caught and 

released fish.  

Some of the fish with transmitters were caught and released, with the external 

tag removed, and subsequently died in the lake.  For these fish there was uncertainty 

whether the fish died of natural mortality or from non-harvest fishing sources (i.e., catch 

and release or released after tournaments).  This secondary type of information has not 

been gained from past tagging studies but is important as it helps inform both the total 

mortality and fishing mortality estimates by allowing additional mortality to be detected 

after the initial release and survival of tagged fish by anglers.  The model does this by 

pooling together fates that can no longer be distinguished  such that the expected 

number of fish that survived initial capture and release by anglers RNHi that later died 

due to non-harvest sources of mortality therefore becomes 

 [     ]        (   )         (3-14) 

where the probability of post release non-harvest mortality (PNH) was 

   (   )    (   )    (   )    (   ).       (3-15) 

These expressions were expanded for the probability of fish from release Ri found alive 

or dead on later search occasions (Hightower et al. 2001).   

The number of fish tagged and fates determined in period j again followed a 

multinomial distribution similar to the tag return model from Chapter 2 and the likelihood 

would therefore be 
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           (3-16) 

where the number of individuals within different fates include the number of individuals 

that survived (a), or died due natural causes (m), harvest (h), catch and release (r), or 

tournament release (t).  Individual relocation histories were transformed into a full-m 

array (Burnham et al. 1987) and were used to summarize the probabilities of fish falling 

into each of the model categories for each release.  The summary table was used within 

OpenBUGS (http://www.openbugs.info/w) to estimate model parameters from the 

multinomial likelihood.  Because the two likelihoods obtained from the tag return model 

(Ltag) and the telemetry model (Ltel) are independent, the combined likelihood was 

therefore the product of the two:  

          .           (3-17) 

Deviance information criterion (DIC) was utilized to evaluate the likelihood of different 

models (Spiegelhalter et al. 2002).  The global model allowed natural and fishing 
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mortality rates to vary by occasion.  Reduced models assumed rates remained constant 

over search occasion, varied by year, quarter, or both year and quarter. 

Results 

Between the fall of 2010 and the spring of 2012, 345 Florida bass were tagged 

with passive external dart tags at Lake Santa Fe (Table 3-1).  An additional 181 fish 

were also tagged with a combination of external dart tags and internal radio 

transmitters.  The telemetered fish were captured during three sampling events: 

October of 2010 (n = 82), October of 2011 (n = 79), and March of 2012 (n = 20).  Due to 

premature transmitter failure, the 2010 cohorts were tracked through July of the 

following year.  No tag failures were observed among the 2011 and 2012 tagged 

cohorts.  Overall, 247 recoveries (47%) were reported by anglers.  Tag reporting rates 

varied from 0.45 (SD = 0.06) for $5 tags to 0.97 (SD = 0.03) for $100 tags.   

Mortality and survival status classifications were possible for 96% of all 

telemetered fish (Table 3-2).  Between the two years of telemetry data, 93 telemetered 

fish were caught at least once by anglers.  Of those, 48 were recreationally released 

and 19 were released from tournaments.  In total across the two years, 34 fish died due 

to natural mortality, 40 died from harvest, three fish died after release from tournaments 

and two died after recreational catch and release, and 13 fish died after initially 

surviving a catch and release event (non-harvest, Table 3-2).  The non-harvest 

mortalities were fish that were caught once and later died in the lake, giving us 

uncertainty into their mortality source (description of equation 3-14).  A total of eight 

telemetered fish (4%) were excluded from analysis.  Among these, three fish were 
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removed due to mortality or lost tag within the first month, and five fish never 

encountered or reported by anglers after the initial release.   

The tag return model comparing tag types estimated average annual FH at 0.71 

(95% CI = 0.18 – 1.52) across the two years of the study compared to 0.49 obtained by 

telemetry model (95% CI = 0.36 – 0.65; Figure 3-3). The combined model had the 

greatest amount of precision with 95% CI ranging from 0.29 to 0.50 and an average FH 

value of 0.39.  Similar in trends in in values and precision between the models were 

found for FR, FT, and M values (Figure 3-3). 

The best model fitted to the combined telemetry-tag return data provided 

quarterly estimates of all mortality components (Table 3-3).  Natural mortality estimates 

varied seasonally with increases in the early to mid-summer in both years (Figure 3-4).  

Fishing mortality was also seasonal with highest values in spring and early summer 

(Figure 3-4).  Fishing mortality due to recreational non-tournament and tournament 

release followed a similar pattern but sustained mortality through the summer months 

(Figure 3.4).  

Annual mortality rates are typically used for management, and thus I estimated 

annual rates in both years.  Both M and FH were higher in 2011-2012 than in the first 

year, with FH increasing from 0.17 in the first year to 0.60 in the second (Table 3-4).  

The average M and FH across both years was 0.37 and 0.39, indicating that directed 

fishing mortality was similar in magnitude to natural mortality on average.  Discard 

mortality sources (FR and FT) were low relative to FH and M, but still combined to 

average about 0.10 across both years (Table 3-4) and accounted for 21% of total fishing 

mortality  ̂    (Table 3-4).  Mean annual estimates of FT were consistently higher than 
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FR (Table 3-4) even though considerably more fish were released from non-tournament 

anglers than tournament anglers (Table 3-3 and Table 3-4), indicating the impact of 

tournaments was higher than catch and release.  The reason for this is the marked 

difference in release mortality.  The estimated mortality due to recreation catch-and-

release (δR) was 6% (SD = 0.03), whereas the mortality of fish caught and released in 

tournaments (δT) was over three times higher at 20% (SD = 0.09).  

Fish capture was much higher in year 2 than in year 1.   The instantaneous 

capture rate (Fo) was 0.85 in 2010-2011, but this increased to 1.83 in 2011-2012 (Table 

3-4).  This means that the proportion of Florida bass caught by anglers due to all fishing 

(i.e., 1-e–Fo) was 0.57 in 2010-2011 and 0.84 in 2011-2012.  Thus, anglers caught a 

substantial portion of fish at Lake Santa Fe in both years. 

Discussion 

Directed fishing mortality FH at Lake Santa Fe was substantially higher than 

averages compared to a recent review by Allen et al. (2008) and higher than the 

regional results reported in Chapter 2.  This indicates that harvest could be a serious 

constraint to the number of large fish at Lake Santa Fe, and potentially in other systems.  

These higher rates coincided with a drought that brought water levels down to the 

lowest Lake Santa Fe has experienced in 10 years.  The drought ended with tropical 

storm Debby that occurred over north Florida in late June 2012.  Prior to this storm 

event, access to surrounding lakes was highly limited, with three popular surrounding 

lakes (Lochloosa 8,347 acres, Newnan’s 7,420 acres, and Orange 12,700 acres) were 

completely inaccessible to anglers.  Thus, angler effort could have been relatively high 

at Lake Santa Fe during the study years, possibly resulting in high capture and fishing 
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mortality rates.  Recent creel survey data suggest that during the peak of the drought, 

the fishery experienced a 150% increase in angler effort from past estimates when 

water levels were almost 1 m higher (FWC 2009; FWC 2012).   

However, it is possible that the increase in angler effort was also compounded 

with the existence of the high rewards tags dispersed in this study attracting angler 

effort (Pollock et al. 2001; Pine et al. 2003).  Although I gave great care to not advertise 

the reward values within the study, word of mouth and online bass forums likely spread 

this information to anglers.  Thus, the fishing mortality estimates could have been 

inflated by attracting angler effort.  However, anglers could have obtained the reward 

and released the fish.  Thus, the relatively high harvest I found at Lake Santa Fe 

suggests that fishing mortality (FH) can be high on some systems, making regulations 

important if trophy bass are a consideration (Dotson et al. 2013).  Clearly there is a 

need to understand the spatial and temporal extent of fishing mortality for Florida bass 

populations. 

The overall increase in FH compared to other lakes also comes from the nature of 

the data and the study design of this project.  Through the use of both dart and 

telemetry tags I was able to obtain additional information about the mortality of fish after 

they were released by anglers and survived.  If the transmitter disappeared from the 

lake (in some cases, confirmed by an angler reporting the transmitter), I was able to 

designate the fish as harvested.  For the telemetry fish, this increased the total number 

of fish reported harvested from 25 to 40 fish over the course of the study.  If a fish died 

in the lake after initially surviving a catch and release event, I was able to assign some 

probability of non-harvest mortality (i.e., natural or catch and release mortality).  In 
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traditional high reward tagging studies, the external tag is removed from the fish once it 

is caught and therefore no information about subsequent captures is obtained.  This is 

the first study to document this additional mortality information and is important as it 

allows a better estimate of total mortality within a fishery. 

My estimates of M were within expected values compared to averages reported 

by Allen et al. (2008) and Beamesderfer and North (1995).  Allen et al. (2008) found an 

average M of 0.55 in a review of Florida bass populations, which was included in the 

2011-2012 estimate credible intervals but higher than the values found in the first year 

(95% credible intervals of 0.19-0.42).  Waters et al. (2005) conducted a telemetry study 

on Florida bass within a tropical reservoir and found an estimate of M of 0.31 (SE = 

0.122), with similar trends in the seasonality of M.  Their estimate was included in the 

credible intervals of M for both years 1 and 2.  Like Waters et al. (2005), higher natural 

mortality in late spring and early summer in this study was most likely influenced by 

spawning activity that occurs from March through May in Florida populations (Chew 

1974).   

Alternate means of obtaining estimates of M include predicting M based on life 

history metrics such as longevity, growth rates, etc. (Alverson and Carney 1975; Hoenig 

1983; Jensen 1996; Hewitt and Hoenig 2005).  Recent estimates of these parameters 

for Florida bass (L∞ = 458 mm, tmax = 8, and k = 0.47; FWC 2009) at Lake Santa Fe 

allow predicted M values to range between 0.35-0.71 and averaging 0.50.  These 

values are within the range of estimates I obtained with telemetry in both years.    

However, I still had considerable uncertainty in M estimates in both years with 

credible intervals extending +/- 0.1 to 0.2 in both years.  Comparatively, Thompson et al. 



 
 
 

59 
 
 

(2007) studying striped bass Morone saxatilis using a similar telemetry method found 

confidence intervals of +/- 0.02, while Waters et al. (2005) had considerably more 

uncertainty.  Expected 95% confidence intervals for the Waters et al. (2005)  study 

ranged from 0.07 to 0.55 (estimated as CI ± 2*SE) compared to the overall credible 

interval average of this study which ranged from 0.28 to 0.48.  One factor that may 

explain the differences in uncertainty between these studies may be the level of 

variation in seasonal M values.  The Thompson et al. (2007) study found constant 

annual M values compared to the Waters et al. (2005) study had M values that varied 

over smaller biweekly periods. Uncertainty in this study could have also been influenced 

by tag failure through the loss of sample size if the tag failure was detected. 

Misclassification of mortality status is a concern in many telemetry studies.  Fish 

that are caught and released that subsequently die but are never reported caught are 

classified as a natural deaths.  This misclassification could strongly affect the estimates 

of FCR when FCR is low, but the expected change in M would be minimal.  For example, 

adding 1-2 fish to the total number of natural deaths experienced within this study would 

only change the total number of natural deaths by a small percent, whereas adding a 

few fish to the FCR would change the total numbers considerably.  Tag failure could 

have been a concern in this study if there were additional tags failures that were not 

detected.  This non-detection would lead to biased estimates of both F and M values.  

Until now, most field research examining the impacts of catch and release fishing 

have focused on estimating the mortality rate of fish caught and released (Muoneke and 

Childress 1994; Bartholomew and Bohnsack 2005).  This is the first study to directly 

measure the fishing mortality rate associated with catch and release mortality and 
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tournament mortality.  These results confirm previous modeling studies that showed the 

total effect of release mortality from either non-tournament or tournament anglers to be 

small compared to other mortality sources (Hayes et al. 1995; Kwak and Henry 1995; 

Allen et al. 2004; Edwards et al. 2004; Driscoll et al. 2007).  Even with tournament 

release mortality as high as 20% for released fish, it only accounted for 12% of the 

overall fishing mortality and 6% of the total mortality for the population.  I conclude that 

despite high rates of voluntary release, total FCR remains only a small proportion of 

overall F and even smaller proportion of total mortality.  Furthermore, FH values can still 

reach levels that may negatively impact size structure and the abundance of large fish.  

Thus, studies like this provide key insights about the components of mortality for fished 

populations.  
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Table 3-1. Number of dart-tagged Florida bass reported returned by release type 
(harvest [H], recreational release [R], and tournament release [T]) and tag 
value within Lake Santa Fe, Florida from November 2010 through October 
2012.   

 

 

  

Year # Nov-Jan Feb-April May-July Aug-Oct Nov-Jan Feb-April May-July Aug-Oct Year 1 Year 2

$200 2010 67 H 1 0 0 1 1 2 0 0 2 3

R 3 13 9 2 1 2 1 0 27 4

T 1 5 3 1 0 1 0 0 10 1

$100 2011 103 H - - - - 1 7 5 0 - 13

R - - - - 3 10 8 2 - 23

T - - - - 2 10 2 0 - 14

$5 2010 114 H 0 5 2 0 1 1 0 0 7 2

R 2 6 3 3 0 4 2 0 14 6

T 0 1 4 0 0 0 0 0 5 0

2011 61 H - - - - 0 1 0 0 - 1

R - - - - 0 2 2 2 - 6

T - - - - 1 0 1 0 - 2

Totals
Reward

Tagged
Type

2010-2011 2011-2012
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Table 3-2. Mortality, release, and survival status of telemetry-dart tagged Florida bass 
Lake Santa Fe, Florida between November 2010 through October 2012.  
Mortalities for natural deaths (M), harvest (H), released (R), tournament (T), 
and non-harvest (NH) are shown.  Status is partitioned into initial survival and 
first capture and secondary mortality data.  Non-harvest deaths are fish that 
survived being caught once and released and subsequently died in the lake 
due to causes unrelated to initial capture.  Due to tag removal, partitioning of 
non-harvest mortality components after initial capture (i.e., separating natural 
from catch and release mortality) was not possible.  Fates were not 
determined in August through October of first year of the study due to 
transmitter failure.  

 

  

M H R T R T NH H

Nov-Jan 69 3 1 0 0 4 2 1 0 0

Feb-April 44 1 7 0 0 12 5 6 0 1

May-July 23 9 3 0 1 6 2 15 7 1

Aug-Oct - - - - - - - - - -

Nov-Jan 63 8 2 0 0 4 0 1 1 1

Feb-April 47 5 7 2 1 12 4 3 0 2

May-July 28 7 3 0 1 5 3 10 5 4

Aug-Oct 22 1 2 0 0 3 0 12 0 6

Annual Totals

Year 1 23 13 11 0 1 22 9 22 7 2

Year 2 22 21 14 2 2 24 7 26 6 13

Period

Secondary Information

Mortality

Initial Information

Survived Release
Alive

Mortality
Alive
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Table 3-3. Deviance information criterion (DIC) values for alternative models fitted to 
combined tag return-telemetry data in OpenBUGS.  Sources of mortality 
(natural [M], harvest [FH], recreational release [FR], and tournament [FT]) were 
allowed to vary by month (m), quarter (q), year (y), or held constant (.).  
Parameters (pD) in the model are the effective number of estimated 
parameters. 

 

 

  

Model pD DIC ∆DIC

F H,q F R,q F Tq M q 28 448 0

F H,q F R,q F T,q M. 24 472 24

F H,q F R .  F T .  M q 17 524 76

F H,y F R,y F T,y M y 10 574 126

F H .  F R . F T . M. 7 590 142

F H,m F R,m F T,m M m 58 813 365
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Table 3-4. Florida bass instantaneous mortality (natural [M], harvest [FH], recreational 
release [FR], and tournament [FT]) estimates from a combined tag return-
telemetry model. Annual estimates were calculated from the summation of 
quarterly estimates.  Data collected from the November 2010 through October 
2012 on Lake Santa Fe, Florida. 

 

 

Mean (SD)    95% CI Mean (SD)      95% CI Mean (SD)    95% CI

M 0.29 (0.059) 0.19-0.42 0.46 (0.090) 0.30-0.65 0.37 (0.053) 0.28-0.48

F H 0.17 (0.036) 0.11-0.25 0.60 (0.099) 0.42-0.81 0.39 (0.053) 0.29-0.50

F R 0.03 (0.017) <0.01-0.07 0.05 (0.031) <0.01-0.13 0.04 (0.023) <0.01-0.10

F T 0.04 (0.020) <0.01-0.09 0.07 (0.033) 0.02-0.15 0.06 (0.025) 0.02-0.11

F adj 0.24 (0.044) 0.24-0.34 0.72 (0.111) 0.52-0.96 0.48 (0.064) 0.37-0.62

F o 0.85 (0.082) 0.70-1.02 1.83 (0.110) 1.47-2.24 1.34 (0.111) 1.13-1.57

 Parameter
2010-2011 2011-2012 Overall
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Figure 3-1. Map of Lake Santa Fe, Florida.  Grey dots represent individual fish locations 
collected during both years, such that individual fish are shown more than 
once.  Dots lying outside of the lake boarder were either found in canals or 
where transmitters found on land after a natural mortality event. 
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Figure 3-2. Tagging procedure and setup for Florida bass tagged with plastic dart tipped 
tags and telemetry transmitters on Lake Santa Fe, Florida, in the fall of 2010 
and 2011.  Photos courtesy of Janice Kerns. 
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Figure 3-3. Average annual instantaneous natural mortality (M) and sources of fishing 
mortality (FH, FR, and FT) estimated by a tag return model, a telemetry model 
and a combined telemetry-tag return model.  Average rates are across the 
two years of the study.  Estimates of tournament (δT = 20%; SD = 0.09) and 
catch and release (δR = 6%;SD = 0.03) mortality obtained from telemetry 
estimates were used within the tag return model.  Black bars represent 95% 
credible intervals.  
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Figure 3-4. Quarterly mortality rates (solid lines; ± 95% credible intervals, dashed lines) 
for Florida bass from November 2010 to October 2012.  Instantaneous natural 
mortality (M) and sources of fishing mortality (FH, FR, and FT) were estimated 
from a combined dart-telemetry tagging model. 

  



 
 
 

69 
 
 

CHAPTER 4 
DEGREE OF TEMPORAL SYNCHRONY BETWEEN FISHING AND NATURAL 

MORTALITY INFLUENCES MORTALITY ESTIMATES 

Introduction  

Mark-recapture (capture-recapture) models that estimate fish mortality make 

many assumptions about the tagged and untagged sample populations.  Elements of 

these assumptions have been reviewed in detail (reviews in Pollock et al. 1991; Pine et 

al. 2003; Miranda and Bettoli 2007; Allen and Hightower 2010).  Two assumptions that 

have not been reviewed are violations to the constant mortality within periods where 

both natural (M) and fishing (F) mortality occur continuously.  Until recently, very few 

tag-return studies have estimated changes in these rates for anything less than annual 

periods.  With the increasing use of telemetry data, estimating variations at smaller 

scales have been possible (Hightower et al. 2001; Waters et al. 2005; Thompson et al. 

2007; Bacheler et al. 2009).  Those studies showed considerable seasonal variation in 

mortality rates that could affect studies done on an annual scale. 

Traditional mark-recapture studies estimate annual exploitation as 

   
 

 
            (4-1) 

where C is the number of fish caught (corrected for non-reporting and tag loss) and T is 

the number of fish tagged in the population corrected for tag loss and immediate 

mortality due to capture, handing, and tagging.  If the total instantaneous annual 

mortality (Z) is known, fishing mortality is estimated as  

     
 

     .           (4-2) 
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Tags are dispersed during a single event and then collected over the following year via 

anglers reporting the capture of marked fish.  During that time, F and M are assumed to 

be independent and operating concurrently (Miranda and Bettoli 2007).   

The purpose of this chapter was to investigate how variations or seasonal trends 

in fishing and natural mortality influence estimates from tag return studies.  I explored a 

number of scenarios using both theoretical and field-based seasonal estimates of 

mortality.  The specific interest was to investigate how traditional tag-return studies that 

only collect annual information may be biased if F and M vary seasonally.  Information 

gained from this simulation will help to better inform future tagging studies. 

Methods 

The simulation methods for this chapter used either and artificial set of seasonal 

patterns for mortality or observed seasonal patterns from recent field studies.  The 

artificial set of seasonal scenarios was constructed where F and M varied independently 

of each other (Figure 4-1).  For each scenario, peak mortalities were adjusted to 

account for 90% or more of the F or M that could occur in the year.  For instance, 

scenario 1 had 90% of the fishing mortality occurring within first quarter of the year.  For 

the variable mortality, as seen in scenario 5 where there is more than one peak, the 

upper limit of mortality occurs over two peaks (45% for each peak).  For each scenario 

type, two opposing settings (a and b) were created such that the majority of mortality 

happens at the beginning or the end of a year. 

Tagging data were simulated by estimating the number of tag deaths due to 

harvest (Hp) over seasonal periods as  

        
     

 
          (4-3) 
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And number of deaths from natural mortality (Dp) over seasonal periods as 

      
     

 
          (4-4) 

where N is the number of tags in the population, Fp is the instantaneous fishing mortality 

rate within a seasonal period, and Mp is the instantaneous natural mortality rate within a 

seasonal period.  From this information two values of F where derived.  One estimate 

incorporated the true seasonal variations by taking the sum of Fp over each period (Ftrue) 

and an estimated F with no seasonal information as  

              
    

  (     )
         (4-5) 

where Ha is the total number of fish harvested annually and T is the total number of 

tagged fish. Percent bias of Fno-seasonal compared to Ftrue was estimated as  

        (  
            

     
)     .        (4-6) 

This information was then simulated over a wide range of annual F and M values. 

Similar analysis was then used with known seasonal variations of mortality 

across multiple species.  I reviewed the literature to find studies where F and M were 

monitored at finer detail than annual rates.  Only data from a full year were considered 

for the simulation and comparisons among years were made if multiple years of 

seasonal data were available.   

Results 

Comparatively, the magnitude of M had a greater influence on F estimates than 

annual F values (Figure 4-2).  The greatest amount of bias occurred when peak M and 

F occurred at separate times of the year (e.g., scenario 3.a).  The primary reason for 

this is the unobserved change in sample size through time due to natural mortality.  If a 
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substantial amount of natural mortality occurs at the extremities of a year (as seen in 

scenario 3), an individual mortality at the beginning of the year will carry less weight 

than an individual mortality at the end of the year when sample size of the tagged 

population has been reduced. 

The amount of bias in Fno-seasonal values varied greatly between theoretical model 

scenarios (Figure 4-2).  Biases ranged from as low as <10% over estimate in model 2 

where the 90% of the mortality occurred over 3 periods to scenario 3.a where 90% of F 

and M occurred within one period at opposite ends of the year and had the possibility of  

> 80% bias over the range of values tested.  An overestimate was possible throughout 

all scenarios when peak F occurred at the beginning of the year and became under 

estimated when it occurred near the end.  If F was held constant and M was allowed to 

vary, the relationship was reversed with over estimates occurring when peak M 

happened at the end of a year (e.g., scenario 9.a).     

A review of the literature found four telemetry studies (other studies then the one 

described in Chapter 3) that estimated both annual and seasonal estimates of both F 

and M (Figure 4-3; Hightower et al. 2001; Waters et al. 2005; Thompson et al. 2007; 

Bacheler et al. 2009).  In Waters et al.(2005), radio telemetered Largemouth Bass 

Micropterus salmoides in a reservoir in Puerto Rico had consistent fishing mortality and 

seasonal natural mortality around spawning seasons.  In the first year of the 

Largemouth Bass study, they found total annual F to be 0.56 and natural mortality to be 

0.23.  Conversely, three multiyear studies found Striped Bass Morone saxatilis 

(telemetry only) and Red Drum Sciaenops ocellatus (combined tag return-telemetry 

data) were found to have constant natural mortality and seasonal variations in fishing 
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mortality.  Thompson et al. (2007) estimated that Striped Bass F to range between 0.65 

and 0.77 in the two years of the study with M estimated to be a constant 0.1.  Hightower 

et al. (2001) estimated F to range between 0.73 to 0.26 and a constant M of 0.14. 

Bacheler et al. (Bacheler et al. 2009) estimated annual F of Red Drum to vary from 0.26 

to 0.32 within the first two years and a constant annual natural mortality of 0.04.  Florida 

Bass Micropterus floridanus, as described in Chapter 3, were found to have seasonal 

variations in both F and M with annual variations to be between 0.24 to 0.72 and 0.29 to 

0.46, respectively.  Thus, it appears that F and M can be highly seasonal in some cases 

based on the empirical studies. 

Species comparisons found that biases could change annually but overall had 

less than ±7% bias across all species examined (Table 4-1).  Striped Bass and Florida 

Bass had the greatest amount of variation with a percentage point spread of 11 and 7, 

respectively, between the first and second year of data.  Red Drum had the least 

amount of bias with the least amount of seasonal variation within both mortality sources.  

Discussion 

The temporal synchrony of F and M has rarely been quantified and therefore, the 

number of species examined here are few.  Field-based estimates are especially rare 

for natural mortality, even on an annual basis.  The information we do have suggests 

that M can vary periodically due to extreme weather events (Adams et al. 2012), 

sporadic changes in the environment (e.g., algal blooms; Julliard et al. 2001), or 

annually due to spawning activity (Waters et al. 2005).  There are more estimates of F 

with seasonal variations known to occur for a variety of fish species (Reed and Davies 

1991; Teisl et al. 1993; Muoneke 1994; Pegg et al. 1996; Parsons and Reed 1998; 
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Hightower et al. 2001; Julliard et al. 2001; Margenau et al. 2003; Isermann et al. 2005; 

Thompson et al. 2007; Bacheler et al. 2009; Smith et al. 2009).   

Highly seasonal F can result from a wide range of angler and fish behavior 

patterns.  For instance, depending on a species life history or habitat type, increases 

and decreases in F have been observed during spawning seasons due to differences in 

vulnerability as fish move in and out of spawning areas (Pegg et al. 1996; Smith et al. 

2009).  Some seasonal trends in harvest may reflect patterns in total angling effort 

rather than amount of effort targeted at specific species alone (Isermann et al. 2005).  

Changes in F could reflect effort trends influenced by the type of fishing activity desired 

(e.g., open-water vs. ice fishing; Teisl et al. 1993), but changes in capture rates could 

also allow higher harvest during low angler effort periods (Margenau et al. 2003).  Even 

within similar fisheries, the magnitude of temporal trends can vary by region (Isermann 

et al. 2005).  Some species like crappie Pomoxis spp., have been shown to have a peak 

season that lasts as little as 2 months with seasonal changes in weather condition 

possibly influencing the magnitude of peak effort (Reed and Davies 1991).  For 

recreational and commercial coastal cod Gadus morhua fisheries, seasonal trends in 

catch have also been shown to vary by seasonal changes in gear used (Julliard et al. 

2001). 

Although limited seasonal biases of F were found for individual species, large 

biases were found to be possible under theoretical scenarios.  This is especially true for 

simulations under of relatively high levels of M.  Overall, the species examined here 

experienced average to low levels of natural mortality. Therefore, limited amount of bias 

uncovered is not unrealistic, especially when compared to the theoretical simulations 



 
 
 

75 
 
 

that had comparable amounts of seasonal variation.  For instance, both the black bass 

species examined had seasonal variations that were similar to scenario 7.  

Comparatively, the Red Drum and Striped Bass studies had seasonal variations that 

were close to scenarios 5 and 6.  In summary, temporal patterns in M are most likely to 

influence F estimates if natural mortality is high and concentrated in certain time of year.  

Species with low M (e.g., below 0.3) are unlikely to have strong biases in F due to 

seasonal patterns in M. 

To overcome the larger biases exposed in the simulations, tagging studies will 

need to estimate mortality rates at biologically relevant intervals.  This is particularly true 

for estimation of natural mortality, as this data is typically unobserved within most tag-

return studies.  For some fisheries this may be easy, as natural mortality rates remain 

relatively constant over time, but others may be more difficult.  If the rates are changing 

at less than annual intervals, the dispersal of tags may have to occur at finer periods of 

time to account for these fluctuations or more intensive telemetry studies will need to be 

conducted. 
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Table 4-1. Percent biases comparison of fishing mortality values derived from data that 
utilized true seasonal information (Ftrue) or annual harvest information (Fno-

seasonal) only. Over or under percent bias estimates are signified by plus or 
minus signs, respectively. 

 

 

 

  

Species Study Year F true F no-seasonal % Bias Source

Striped Bass 1997 0.76 0.73 -4.3% Hightower et al. 2001

1998 0.23 0.25 +7.1%

2002 0.65 0.65 -0.2% Thompson et al. 2007

2003 0.77 0.76 -1.0%

Red Drum 2006 0.33 0.33 -0.8% Bacheler et al. 2009

2007 0.15 0.15 -0.8%

Florida Bass 2011 0.24 0.25 +2.6% Chapter 3

2012 0.723 0.69 -4.4%

Largemouth Bass 1998 0.50 0.49 -0.9% Waters et al. 2005
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Figure 4-1. Simulated mortality scenarios developed to examine the influence of 
variable or seasonal mortality on annual mortality estimates from mark-
recapture studies.  Fishing (solid) and natural mortality (dashed) are 
presented as proportions of annual mortality.  For each scenario 1-10, a and 
b represent mirror images such that the majority of mortality happens at the 
beginning or end of a year. 
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Figure 4-2. Percent bias for annual estimates of fishing mortality (F) when F and natural 
mortality vary seasonally. Each graph (1.a -10.b) corresponds with the model 
scenarios described in Figure 4.1. Over or under estimation are signified by 
positive or negative numbers, respectively. 
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Figure 4-3. Seasonal mortality values obtained from the literature where both fish (solid 
line) and natural (dashed line) where obtained over a one or two year time 
period.  All mortality rates are presented as proportions of annual mortality. 
The Waters et al. (2005) study contained only one full year of data, all other 
contained at least two years of complete data. 
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CHAPTER 5 
SYNTHESIS AND FUTURE RESEARCH 

.   

The primary results of this study indicate there is a need to evaluate mortality at 

multiple spatial, temporal, and biological scales.  Clearly the statewide average fishing 

mortality rates may not accurately represent all aquatic systems (lakes and/or rivers) 

within the region.  Furthermore, the simulation of seasonal trends in mortality 

highlighted the need to obtain information at biological relevant temporal scales to 

obtain unbiased estimates of fishing mortality.  However, obtaining F estimates across a 

large number of individual aquatic systems is infeasible, and thus a combination of 

methods is probably the best strategy for evaluating fishing mortality for fish stocks in 

lake-rich landscapes.  It would be prudent to combine regional estimates at periodic 

intervals (e.g., every 5-10 years) combined with site-specific estimates at lakes where 

fishing mortality is suspected to be high.  Further, site-specific studies could be used 

where management actions are being considered to increase the number of large fish.  

Assuming that fishing mortality is not significant based on angling behavior could be a 

dangerous assumption based on my site-specific results.  Combining regional and site-

specific estimates will probably give fishery managers the best information for informed 

use of regulations and improvement of fisheries. 

The simulation exercise indicated the potential for either over or under estimation 

of estimates when M and F peaked at different times of the year.  The magnitude of this 

bias increased drastically with increasing values of natural mortality.  I therefore 

recommend conducting this type of simulation prior to beginning any annual mark-

recapture study to determine whether estimation at finer time scales is needed.  With 
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current limited knowledge on how mortality changes seasonally for many fisheries, 

simulations such as these can be informed by life history information (e.g., seasonal 

spawning or migration periods) or with seasonal harvest information (e.g., creel 

surveys).  

Estimating natural mortality is among the most difficult parameters in fish stock 

assessment.  The telemetry estimate of M from Lake Santa Fe was realistic relative to 

other field and life-history based methods in the literature.  However, my estimates still 

contained relatively high uncertainty, and larger sample sizes could be needed to 

improve precision of M with telemetry tags.  However, the M estimates provided insight 

into the seasonality of M, and the values were within reported ranges for largemouth 

bass.  Future studies should consider the telemetry method for estimating M for fish 

stocks.  I recommend use of this method for other species, specifically ones that 

experience relatively high levels of M, and in different geographic areas, as M can vary 

with latitude (Beamesderfer and North 1995). 

Overall, I began this study with the premise that catch and release research 

needs to move beyond the estimation of release mortality for well-studied species and 

expand into understanding the population impacts occurring within these fisheries.  This 

study only begins to reveal some of the complexity of these types of fisheries, and I 

found that even among fisheries with high rates of release and low rates of release 

mortality, relatively high rates of fishing mortality are still possible.  Furthermore, FH 

values can still reach levels that may negatively impact abundance of large fish and size 

structure.  Thus, studies like this provide key insights about the components of mortality 

for fished populations.  
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