
ABSTRACT 

RUNDE, BRENDAN JAMES. Estimating and Mitigating Discard Mortality of Reef Fishes. 

(Under the direction of Dr. Jeffrey A. Buckel). 

 

Discard mortality (also called bycatch or release mortality) is one of the most pervasive 

threats to fisheries sustainability. For many reef fishes in the US southeast, discards now exceed 

harvests as a result of increasingly-strict regulations. As a result, the mortality of discarded fish 

has become a crucial component of assessing stocks. Also of recent interest are techniques for 

mitigating or alleviating the stresses that result in increased risk of mortality. Our study 

objectives were to 1) robustly estimate discard mortality of gray triggerfish (Balistes capriscus) 

and 2) investigate the efficacy of forced recompression on improving survival of three species of 

deepwater groupers.  

For gray triggerfish (Balistes capriscus), we estimated condition-specific survival rates 

using a tag-return approach and extrapolated these values to the fishery to estimate an overall 

discard mortality rate. Estimates of survival were calculated using a Cox proportional hazards 

regression model. Importantly, capture gear had a significant effect on survival: fish caught with 

hook-and-line had lower survival than fish caught with traps. For best condition surface-released 

fish caught with hook-and-line, survival was estimated to be 0.21 (95% confidence interval 0.08, 

0.58). For fish exhibiting visible trauma, estimated survival was 0.16 (0.03, 0.96). Fish that were 

unable to submerge had survival of zero. For surface-released fish caught with traps, the survival 

estimates were 0.81 (0.51, 1.28) for fish in best condition, 0.36 (0.16, 0.81) for fish with trauma, 

and zero for floating fish. We estimated the overall adjusted survival rate for triggerfish in 36-40 

m to be 0.20 and a maximal estimate across all depths to be approximately 0.52. These results 

have implications for future gray triggerfish management since our estimates are substantially 

lower than the value (0.875) used for the most recent stock assessment.  



Other reef fish are of similar importance in the US southeast. Discard survival of 

deepwater (>60 m) groupers (Serranidae; Epinephelinae) is often assumed to be 0% given the 

severity of their barotrauma and associated inability to submerge. We used acoustic telemetry to 

study the activity of 19 deepwater groupers after a recompressed release with a descender device, 

achieved by rapidly returning fish to a depth where expanded gases can contract. The species 

tested were Scamp (Mycteroperca phenax, n=8), Snowy Grouper (Epinephelus niveatus, n=7), 

and Speckled Hind (E. drummondhayi, n=4). Individuals of all three species showed post-

recompression variation in water depth and acceleration indicative of survival, while information 

from other tags indicated discard mortality. Nonparametric Kaplan-Meier survivorship 

procedures yielded a 14 d survival estimate of 0.50 (95% CI: 0.10, 0.91); although low, this is 

higher than currently assumed 0% survival. Additionally, our estimate of discard survival is 

likely biased low because we assumed no individuals shed their tag, which is unlikely for our 

external attachment method. A technique to increase discard survival of deepwater groupers may 

lead to better-constructed regulations for reef fishes in the US southeast and elsewhere where 

these species are caught and released. 

Management of species in the snapper-grouper complex is often complicated, given the 

overlapping ranges and cohabitation of many species in the management unit. Robust data for 

these species are critical for better-constructed management. The findings of both chapters of this 

thesis will hopefully contribute to better-informed stock assessments and increased sustainability 

for reef fishes in the US southeast.  
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CHAPTER 1 

Estimating Discard Mortality of Gray Triggerfish Using Surface and 

Bottom Tagging 

 

This chapter has been prepared for publication. It is co-authored by Paul Rudershausen, 

Beverly Sauls, and Jeffrey Buckel. 

 

Abstract 

We estimated condition-specific survival rates of gray triggerfish (Balistes capriscus) using a 

tag-return approach and extrapolated these values to the fishery to estimate an overall discard 

mortality rate. Fish were captured with hook-and-line and fish traps in 36-40 m off North 

Carolina, USA. Tag return rates of fish tagged at the seafloor using SCUBA served as a 

reference for return rates of fish tagged at the surface. Estimates of survival were calculated 

using a Cox proportional hazards regression model. Capture gear had a significant effect on 

survival: fish caught with hook-and-line had lower survival than fish caught with traps. For 

best condition surface-released fish caught with hook-and-line, survival was estimated to be 

0.21 (95% confidence interval 0.08, 0.58). For fish exhibiting visible trauma, estimated 

survival was 0.16 (0.03, 0.96). Fish that were unable to submerge had survival of zero. For 

surface-released fish caught with traps, the survival estimates were 0.81 (0.51, 1.28) for fish 

in best condition, 0.36 (0.16, 0.81) for fish with trauma, and zero for floating fish.  The hook-

and-line values were multiplied by the proportion of releases in each condition from the same 

depth bin in the fishery, which is overwhelmingly hook-and-line based. We estimated the 
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overall adjusted survival rate for triggerfish in 36-40 m to be 0.20 and a maximal estimate 

across all depths to be approximately 0.52.  These results have implications for future gray 

triggerfish management since our estimates are substantially lower than the value (0.875) 

used for the most recent stock assessment. 

 

1. Introduction 

For many fisheries, discarded fish make up a large and increasing proportion of total 

catch (Kelleher 2005; NMFS 2016). This rise in discards is largely a result of more restrictive 

fisheries management across taxa. For example, the regulatory framework for reef fishes has 

expanded in recent decades. Between 1999 and 2016, the South Atlantic Fishery 

Management Council (SAFMC) implemented 42 regulatory changes (including bag limits, 

trip limits, size requirements, and seasons) for species in the Snapper Grouper complex. Of 

the 42 changes, 37 were more restrictive and 5 were less restrictive (Appendix 1; SAFMC 

2016).  

One of the many species impacted by these regulatory changes is gray triggerfish 

(Balistes capriscus). Gray triggerfish are an abundant demersal reef fish in the U.S. 

southeast, important both in the recreational and commercial sectors (SEDAR 2016). While 

recreational landings have increased in recent years, discards have as well, and have 

frequently exceeded harvests by a factor of 2-3 (Figure 1; MRIP 2016). A 305 mm (12 in) 

fork-length minimum size requirement was recently established by the SAFMC for North 

Carolina, South Carolina, and Georgia (effective July 1, 2015) which likely contributed to the 

rapid increase in discards in 2015 and 2016 (SAFMC 2014).  
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As the proportion of discarded fish to total catch rises, so does the importance of the 

discard mortality rate in assessing stocks (Alverson 1994). As a result, much effort has 

recently been spent on the estimation of discard mortality rates of reef fishes in the US 

southeast and around the United States, although methodology has varied widely. Most 

studies of discard mortality of physoclistous reef fishes (such as gray triggerfish) recognize 

barotrauma as a major contributor to that mortality. The pressure differential between the 

seafloor and the surface leads to internal gas expansion when fish are caught, often resulting 

in floating, organ displacement, and/or other internal trauma (Davis 2002). Parker et al. 

(2006) examined the ability of several species of Pacific rockfish (Sebastes spp.) to reabsorb 

expanded gases when placed in a hyperbaric chamber. Hannah et al. (2008) built on their 

findings, and used submergence success in that species complex as a proxy for survival. 

Other studies using proxies for mortality or survival such as barotrauma, hooking trauma, or 

obvious bodily injury include Beverton et al. (1959), Kaimmer and Trumble (1998), and 

Rudershausen et al. (2007). However, such metrics account only for immediate and 

observable injury (and only to the extent to which the proxy has been calibrated to actual 

mortality), and neglect to quantify delayed mortality that may result from subclinical trauma. 

Recent studies have refined and extended approaches taken by earlier authors. Curtis et al. 

(2015) tagged red snapper (Lutjanus campechanus) with acoustic transmitters to investigate 

delayed mortality. Reef fishes of diverse taxa were studied by Stephen and Harris (2010), 

who used swimming ability to assign mortality estimates. However, despite the abundance of 

available publications, a review of the discard mortality literature found that the vast majority 

of such studies lacked adequate controls (Pollock and Pine 2007).  



4 

 

 

 

Many of the above authors categorized tagged fish by their physical condition at 

release and reported tag return rates for each condition category relative to those in best 

condition. In the absence of a control, estimates of condition-specific discard mortality are 

not absolute; that is, they are only relative between condition categories. The resulting 

estimates are thus biased (or more-so than otherwise) and may not lead to ideal management 

decisions. For example, Coggins et al. (2007) found that minimum size requirements are 

ineffective for short-lived high-productivity fish (such as gray triggerfish) if the discard 

mortality rate is greater than 0.20 (and effort is substantial). In such scenarios, the proportion 

of discarded fish that perish outweighs the benefit of those that survive to recruit to the 

fishery, which results in recruitment overfishing. Obtaining a robust estimate of absolute 

discard mortality is therefore crucial for effective management, particularly for species for 

which discard mortality may be high.  

One technique to obtain an estimate of absolute mortality is to tag a group of fish at 

depth using SCUBA divers; this group can then serve as a control. This method was 

originally used by Hislop and Hemmings (1971) to estimate haddock (Melanogrammus 

aeglefinus) discard mortality in the British Isles, but has been more recently used by 

Rudershausen et al. (2013) for black sea bass (Centropristis striata) in North Carolina. The 

group of fish tagged by divers is not subjected to the gauntlet of potential traumas associated 

with surface release from hook-and-line or trap capture, such as hooking trauma, exposure to 

air, thermal shock, water column predators, and barotrauma, and therefore their discard 

mortality rate is assumed to be zero. The mortality estimate gained from this approach 

includes both immediate and delayed mortality, and is thus robust to the effects of subclinical 
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injury. Here we estimate discard mortality of gray triggerfish, using an approach similar to 

that of Rudershausen et al. (2013). We apply our condition-specific estimates of discard 

mortality to fishery-dependent observer data to gain an overall discard mortality value for the 

gray triggerfish fishery in the US southeast.  

 

2. Methods  

2.1. Study Area and Fish Tagging 

 Gray triggerfish were caught in Onslow and Raleigh Bays, North Carolina, USA 

using hook-and-line (with conventional reels) and fish traps. We exclusively tagged fish in 

depths of 36-40 m, a range common to the recreational and commercial fisheries (T. Burgess, 

personal communication; Figure 2). In addition, this depth is shallow enough for SCUBA 

divers to have sufficient bottom time for tagging and deep enough for surface-released 

triggerfish to exhibit a range of release conditions. Terminal tackle for hook-and-line 

consisted of a three hook bottom rig with circle (size 1 or 1/0) or j (size 1) hooks and 0.23-

0.68 kg lead weight connected by 59 kg monofilament line. Hooks were baited with cut squid 

(Dosidicus spp). In addition to hook-and-line, we used square fish traps constructed of 12-ga 

rubberized wire and baited with menhaden (Brevoortia tyrannus). Traps of this style are 

popular in the commercial snapper/grouper fishery, particularly when targeting black sea 

bass (Rudershausen et al. 2016).  

Gray triggerfish of all sizes available to our surface capture gears were tagged. Fish 

were measured (FL, mm) and a FM-95W wire-core tag (Floy, Inc.) was inserted through a 

short ventral incision. Each tag displayed the unique identification number and a statement of 
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“CUT TAG. REWARD.” so that the streamer could be retained by the fisher while leaving 

the disc in a discarded fish. Tags also provided the toll-free phone number of a long-

established NCSU tag return hotline. Fish were evaluated upon release with respect to their 

behavior and observable trauma and each was assigned one of three conditions: condition 1 

(swam down; no trauma), condition 2 (swam down; visible trauma), and condition 3 (floated; 

see Table 1 for further details). Other than the tagging itself, our handling practices mimicked 

common recreational and commercial practices for reef species in this region. We did not use 

venting or any other technique intended to increase survival of released fish.  

 In order to establish a robust control group, a subset of triggerfish were tagged at the 

seafloor in 36-40 m depth using SCUBA (sensu Rudershausen et al. 2013). A team of two 

divers descended on traps and removed gray triggerfish individually. Underwater tagging 

procedures were identical to the surface methods described above. Seafloor-tagged fish were 

released concurrently with a group of surface-tagged fish in the same location (within a 200 

m radius).  

Tagged triggerfish were recaptured by researchers returning to the tagging locations 

and by members of the fishing community (recreational, commercial, charter, head boat). 

Rewards for recaptures consisted of a baseball hat with a triggerfish logo.  

 

2.2. Estimation of Discard Mortality of Tagged Fish 

We used a Cox proportional hazards regression model to estimate survival of gray 

triggerfish (Cox 1972). Sauls (2014) took this approach when estimating discard survival of 

gag (Mycteroperca microlepis) to test for significance of covariates such as region of capture. 
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We used the model in a similar way to estimate survival of gray triggerfish as a function of 

the following response variables: condition, FL, and initial capture gear (trap or hook-and-

line). The hazard for each individual is defined as the probability that an individual fish 

experiences a reported recapture during the time interval of the study given the particular set 

of covariate values for that fish. The resulting hazards for each covariate or treatment can be 

interpreted as survival (1 - mortality) values relative to the reference group. Further 

mathematical details on using this model may be found in the R package ‘survival’ and in 

Sauls (2014). 

In our study, we assumed seafloor-tagged fish suffered no discard mortality (i.e. had a 

survival of 1.0). Therefore, these fish were the reference group when determining the discard 

mortality of surface-released fish. We conducted two phases of the Cox regression model: in 

phase one, absolute survival of condition 1 fish was estimated by comparing their tag return 

rate to that of concurrently-released control fish (i.e. reference group); both of these groups 

were part of the SCUBA experiment. In phase two, relative survival values of condition 2 

and condition 3 fish were estimated by comparing them to all condition 1 fish; data for the 

phase two analysis included all mark-and-recaptured gray triggerfish throughout the study 

but excluded the seafloor-tagged control triggerfish. This second phase was necessarily 

separate from phase one because of low sample sizes of fish in conditions 2 and 3 that were 

tagged concurrently with seafloor control fish. The estimates from phase two were then 

scaled using the result from phase one to obtain condition-specific absolute survival rates. 

This scaling was conducted using a Monte Carlo simulation of the product of the estimate of 

survival for condition 1 fish (absolute survival; phase 1) and the estimate of survival from 
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condition 2 or condition 3 fish (relative survival; phase 2). This simulation was performed 

with 1,000,000 replicates where each replicate was a random draw from each untransformed 

distribution. R code for this simulation may be found in Appendix 2.  

Because we used two different gears to capture triggerfish, it was necessary to 

investigate differences in gear selectivities. We used a two-sample Kolmogorov-Smirnov test 

to investigate differences in the size distributions of gray triggerfish caught using traps and 

hook-and-line from the same location.  

We tested whether or not the process of tagging influenced the condition of our 

released fish.  Making incisions through the body cavity of physoclistous fish such as gray 

triggerfish may relieve pressure from barotrauma (Rudershausen et al. 2013; Johnson et al. 

2015). This could be equivalent to venting and may result increased likelihood of 

submergence or decreased likelihood of intestinal prolapse (thus impacting the condition 

categorization and perhaps survival of some individuals). In order to test this, we performed a 

chi-square contingency test to compare the frequencies of floating fish between 393 tagged 

and 256 untagged triggerfish released on the same 36-40 m site off North Carolina.  If there 

is no effect of tagging on condition assignment, then it would be possible to extrapolate our 

numbers by condition to the fishery without fishery dependent condition data. 

 

2.3. Estimation of Fishery Dependent Discard Mortality   

We determined the proportion of released fish in each condition by depth from a 

fishery-dependent dataset. The Florida Fish and Wildlife Conservation Commission began 

gathering information on the quantity and disposition of discarded hook-and-line-caught gray 
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triggerfish from headboats and charter vessels in the US southeast in 2004 (Sauls et al. 2015). 

While observer datasets exist for other states in the US southeast, to our knowledge only the 

Florida program records detail at a high enough level to allow post hoc categorization into 

our condition categories (1, 2, and 3). Because these are fishery-dependent observations, they 

are not confounded by the effects of tagging. We found that tagging influenced the release 

condition of gray triggerfish (see Results below). For our model, we assumed that survival by 

condition for tagged fish is equivalent to survival by condition for untagged fish, i.e. that any 

influence of tagging on condition also influenced survival.  

We calculated an overall discard survival in the fishery at 36-40 m by multiplying the 

results of our tagging study as follows:  

𝑆𝑢𝑟𝑣𝑖𝑣𝑎𝑙 = ∑ 𝑆𝑖

3

𝑖=1

𝑃𝑖 

where i is the condition category (1-3), Si is the survival of fish in condition i, and Pi is the 

proportion (from the Florida dataset) of released fish that are of condition i in depths of 36-40 

m. Rather than simply use a weighted average to produce an overall estimate of survival, this 

equation was modeled using a Monte Carlo simulation with 1,000,000 replicates in order to 

produce estimates of uncertainty (R code provided in Appendix 2).  

 

3. Results  

3.1. Estimation of Discard Mortality of Tagged Fish 

For the experiment involving SCUBA divers, 64 out of 133 bottom-tagged fish and 

37 out of 129 surface-tagged fish were recaptured at least once. For the study overall, a total 

of 630 gray triggerfish were tagged and released at the surface. Of these, 175 fish were 
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recaptured at least once resulting in an overall tag-return rate of 27.8% in this study. Liberty 

periods for recaptured fish ranged from 2 d to 470 d, with a mean of 76 d. Of all first-time 

recaptures, 136 were caught by scientists associated with our research group and 29 were 

caught by anglers who returned the tags via phone call. For the recaptured fish caught by 

scientists, we had high-quality information on the location of recapture. Almost exclusively, 

these recaptures occurred within 0.25 nm of the tagging location (though a few were from 

further away). Some individuals exhibit high site fidelity: multiple fish were recaptured more 

than once, and typically all at the location of tagging (Table 2). Addis et al. (2013) found 

high site fidelity for this species; this aspect of triggerfish biology likely contributed to our 

high recapture rate.   

 An examination of size selectivities of traps and hook-and-line showed differences in 

the distributions of sizes caught by each gear (Figure 3). A two-sample Kolmogorov-

Smirnov test identified differences in the two distributions (D = 0.42, p < 0.001). Hook and 

line selects for larger individuals including those that are too large to fit in a trap. Conversely, 

traps select for smaller individuals including those that are too small to effectively be hooked 

(even with extremely small hooks, as used by the researchers in this study). 

From phase one of the Cox proportional hazards model, size did not have a 

significant effect on discard survival (z = -1.65, p = 0.098), though given the p-value a larger 

sample size may have produced a significant effect. Survival for condition 1 fish initially 

captured with traps was not significantly different from survival of the seafloor control 

group: median survival predicted from the model was 0.77 (0.51, 1.19; z = -1.17, p = 0.24). 

However, survival for those initially captured with hook and line was significantly lower than 
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the control: estimated survival was 0.36 (0.20, 0.63; z = -3.59, p < 0.01). This difference in 

survival rate between gears could have been due to behavioral heterogeneity (“trap 

happiness”). Behavioral heterogeneity is a potential cause of increased trap returns because 

the bulk of our recapture effort was with traps; if there was behavioral heterogeneity, we 

would expect to have recaptured more triggerfish in traps that were initially captured using 

traps, which would bias the perceived survival of that group. We conducted a chi-squared test 

for independence comparing gear used for initial capture and the gear that recaptured those 

tagged fish (Table 3). We included only fish that were of a size available to both gear types 

(225-301 mm; Figure 3). The resulting test statistic was X2 = 0.075 (p = 0.78), suggesting 

that recapture gear was independent of initial capture gear. This provides strong evidence 

against behavioral heterogeneity as the explanation for the effect of gear type on discard 

survival. However, because the majority of our recapture effort was with traps, we excluded 

from further analyses the larger fish that have low vulnerability to traps (>301 mm) to avoid 

confounding low catchability of large triggerfish in traps with low survival. A revised version 

of the Cox proportional hazards model that included triggerfish ≤ 301 mm from the SCUBA 

experiment (phase one) resulted in condition 1 survival of 0.81 (0.51, 1.28; z = -0.90, p = 

0.37) for trap-caught fish and survival of 0.21 (0.07, 0.58; z = -3.02, p < 0.01) for hook-and-

line-caught fish (Table 4).  

 Phase two of the Cox proportional hazards model was used to estimate survivals for 

conditions 2 and 3. The resulting values were then scaled using a Monte Carlo simulation to 

combine the distribution of estimated survivals from phase two with those from the phase 

one analysis. We also conducted this analysis for fish of size ≤ 301mm FL to account for 
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differences in gear selectivity. For condition 2, the resulting survival rate for hook-and-line-

caught fish was 0.16 (0.03, 0.96) and for trap-caught fish was 0.36 (0.16, 0.81; Table 4). For 

condition 3, the absolute survival rates remain 0 with infinite confidence intervals for both 

gear types regardless of size truncation.  

 We found that a higher proportion of untagged fish floated (40/256, 15.6%) versus 

tagged fish (14/393; 3.6%). A chi-square contingency test of these values was significant (X2 

= 29.6, p > 0.001). Thus, it was appropriate to use fishery-dependent data to categorize fish 

by condition to avoid effects of tagging.  

 

3.2. Estimation of Fishery-Dependent Discard Mortality   

One hundred percent of the fish from the Florida observer dataset were captured with 

hook-and-line, and the depths of capture for these fish ranged from 5-91 m. Proportional 

condition was determined by 5-m depth bins except 1-10 and 66-100 m due to low sample 

sizes in those ranges (Figure 4). For gray triggerfish released in 36-40 m, the proportions in 

conditions 1, 2, and 3 were 0.42, 0.51, and 0.07 respectively. The Monte Carlo simulation 

randomly assigned each replicate “fish” to a condition using these proportions. The 

probability of survival for each replicate was then based on the estimated survival values for 

hook-and-line-caught triggerfish from the tagging model depending on which condition the 

replicate was assigned (0.21, 0.16, and 0.00). Survival probabilities for conditions 1 and 2 

were drawn from a normal distribution based on the untransformed mean and standard error 

estimates from the Cox model outputs. Survival probability for condition 3 fish (floating) 

was fixed at zero (Burns and Restrepo 2002). This simulation resulted in an estimated discard 
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survival of 0.20 (0.04, 1.11) or discard mortality = 0.80 for gray triggerfish released in 36-40 

m.  

The gray triggerfish fishery operates in a broad range of depths in the US southeast. 

Triggerfish are more likely to experience compromised conditions when caught in deeper 

water (Figure 4). As a result, we can conservatively assume a mortality of at least 0.80 

applies to all discards in 36 m or deeper. This depth range represents approximately 60% of 

fishery releases (Figure 2). The remaining 40% of discards occur in depths shallower than 36 

m, and it is probable that discarded fish in these depths experience lower mortality rates than 

do discards from >36 m as a result of less severe trauma. The theoretical minimum for the 

overall discard mortality rate can be calculated by assigning mortality of 0% to shallow (< 

36m) discards and 80% to deep (>36m) discards. With proportional contributions to total 

discards of 40% and 60% for shallow and deep respectively, the lowest possible overall 

mortality for gray triggerfish is approximately 48%.   

 

4. Discussion 

We found that overall discard survival was extremely low (20%) for gray triggerfish 

in 36-40 m depth and that fish caught with hook-and-line experienced significantly lower 

survival than fish caught with traps. The latter result was unexpected. We found no evidence 

for behavioral heterogeneity leading to differential tag return rates by gear. We present 

several possible explanations for low hook-and-line survival below.   

There are a number of possibilities why triggerfish might suffer higher mortality 

when caught by hook-and-line as opposed to traps. Perhaps the most obvious explanation is 
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that hooking injury may result in increased risk of mortality, as found in previous studies of 

reef fish (e.g. St John and Syers 2005; Rudershausen et al. 2013). These studies demonstrated 

that hooking location was critical to discard survival: deep-hooked fish showed significantly 

lower survival. Gray triggerfish are almost never deep-hooked even when terminal tackle 

includes extremely small hooks, as in this study (approximately 1 in 300, B. Runde, personal 

observation). Nevertheless, even a small puncture wound in the jaw might inhibit feeding 

ability and lead to decreased survival.  

In the absence of any substantial hook-related trauma, it is possible that survival of 

trap-caught fish is enhanced due to methodological differences between gear types. The rate 

of ascent for many of the trap-caught fish in this study was slower than that of fish caught 

with hook-and-line. In many instances, traps were set in a string of 5-10, and the string was 

retrieved by lifting one end first. This resulted in some traps being held in the middle of the 

water column for several minutes before resuming their ascent. It is conceivable that this 

procedure allowed fish to acclimate to the pressure differential more adequately than their 

conspecifics that ascended rapidly on a hook-and-line bottom rig, and may have led to 

decreased severity of barotrauma (and thus decreased risk of mortality). In addition, hook-

and-line-caught fish may experience greater levels of fatigue than trap-caught fish. Because 

fish attached to a hook are able to fight directly against the force that is pulling them to the 

surface, it is possible that they exhaust themselves; in contrast, fish ascending in traps may 

remain naïve to capture during ascent, as they may not feel such a direct force.  

Regardless of the reason, it is apparent that survival is lower for hook-and-line-caught 

gray triggerfish. Close to 100% of gray triggerfish discards in the US southeast are from 
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hook-and-line. Recreational vessels are not permitted to use traps and - as of 2017 - there are 

only 32 commercial vessels legally permitted to harvest triggerfish with traps in this region 

(M. Brouwer, SAFMC, personal communication). Furthermore, these vessels primarily target 

black sea bass, so their triggerfish encounters are likely minimal when compared to the hook-

and-line commercial sector and the entirety of the recreational sector. Therefore, discard 

mortality values for triggerfish caught with hook-and-line are most relevant to the fishery.  

The most recent attempt by the SAFMC to assess gray triggerfish stocks took place in 

2016 (SEDAR 2016). Several gray triggerfish studies were reviewed for the discard mortality 

component of the stock assessment, resulting in a wide range of estimates (0 to 93% discard 

mortality; Table 5). These differences are partly a consequence of methodology. For 

example, Stephen and Harris (2010) reported a discard mortality rate of 93% in 20-80 m 

depth. These authors considered all triggerfish that swam slowly or floated to have suffered 

immediate mortality, but had extremely low sample sizes (n = 25) for released triggerfish. In 

contrast, Collins (1996) only assigned mortality to floating fish and reported a 17% discard 

mortality rate in two depth ranges: 21 m and 46-54 m. Patterson et al. (2002) categorized 

released gray triggerfish in conditions based on their swimming ability. The authors 

considered fish that oriented towards the bottom and swam vigorously to have survived. Due 

to low sample sizes of fish in compromised conditions, Patterson et al. (2002) estimated 

overall discard mortality to be 0%. The differences in discard mortality estimates between 

studies can likely also be attributed to variations in depth of capture, rate of retrieval, low 

sample sizes, and handling time (Stephen and Harris 2010). In addition, none of these studies 

made no attempt to account for delayed mortality of gray triggerfish. In an effort to simplify 
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the assessment, the stock assessors chose to use 12.5% as the discard mortality value 

(sensitivity interval: 5, 20). This value was intended to be applied to all discards, regardless 

of condition and depth. Based on our findings, 12.5% is probably a severe underestimate of 

the true discard mortality in the fishery because it does not account for delayed mortality.  

Until further work is done, our range of 48 (theoretical minimum described above) to 80% 

discard mortality (immediate and delayed mortality) for hook-and-line released fish could be 

used as boundaries in upcoming gray triggerfish stock assessments. 

 Discard mortality values of 48% or higher exceed most estimates for other species 

that occur in this depth range. Campbell et al. (2014) reviewed a multitude of studies 

examining red snapper discard mortality. Of 21 estimates at 35 or 40 m depth, only one 

exceeded 48% mortality (74%; Nieland et al. 2007) though some of the estimates were based 

on proxies. Rudershausen et al. (2013) found overall mortality rates of black sea bass in 29-

34 m to be 19% for fish caught with hook-and-line. In lieu of a seafloor-released control, 

Sauls (2014) treated best-condition gag as the reference group and presented results under a 

range of possible discard mortality rates for that condition category. In 31-40 m, the highest 

estimate for overall discard mortality of gag was 27%.  

Most published estimates of discard mortality of reef fish (including those cited 

above) are for Perciform fishes. The paucity of estimates for species of other taxonomic 

orders is probably due to the dominance of Perciform fishes in many reef fish communities 

and their associated popularity as sport fish. In fact, three species of triggerfish (gray, queen 

B. vetula, and ocean Canthidermis sufflamen) are the only non-Perciform species regulated 

by the SAFMC under the snapper-grouper Fishery Management Plan. It is possible that the 
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different physiology of Tetraodontiform fishes contributes to their higher discard mortality.  

We recommend further discard mortality studies on Tetraodontiform fishes to determine if 

discard mortality is high in other species within this group.         

Many authors have explored methods of attempting to increase post-release survival 

of reef fish by mitigating barotrauma (e.g. Theberge and Parker 2005; Wilde 2009; Runde 

and Buckel, unpublished data). Two techniques have dominated these attempts: venting and 

forced recompression via the use of a descender device. However, these efforts are most 

often used when there is a high likelihood of fish being otherwise unable to resubmerge after 

release. For gray triggerfish, a low percentage (< 10%) float regardless of depth (Figure 4). 

However, recompression may be helpful for triggerfish that do float, but attempts to use jaw-

attached descender devices with this species may be ineffective given their extremely small 

mouths. The use of devices such as a weighted inverted milk crate may be appropriate for 

floating triggerfish: a fisher could release an unwanted or sublegal fish near the side of the 

vessel. If the fish floated, the milk crate or similar device could be lowered over the fish and 

used to assist in descent. 

 Even if the survival for floating fish were increased to be above zero, overall discard 

mortality for this species would still be extremely high. Through simulations, Coggins et al. 

(2007) found that the probability of recruitment overfishing increased for short-lived, high 

productivity species (such as gray triggerfish) at discard mortality 20%. Crucially, the discard 

mortality estimate used for the gray triggerfish stock assessment (12.5%) was below this 

cutoff while the minimal estimate in this study exceeds the cutoff by 28%. Therefore, the 

overfishing and overfished status of gray triggerfish should be examined with our new 
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estimates of discard survival. The implication of this finding is that the 305 mm minimum 

length limit instated in 2015 may by antithetical to achieving sustainability.   

 

Acknowledgements  

We thank T. Burgess, N. Bacheler, B. Puckett, R. Mroch, J. Peters, A. Gatrell, J. Williams, 

G. Bolton, P. Kemp, J. Krause, J. Merrell, and C. Luck for their assistance over the course of 

this project. J. Hightower assisted with the study design and reviewed early drafts of this 

manuscript. This research was funded by a National Oceanic and Atmospheric 

Administration Cooperative Research Program grant (NA14NMF4540061) and The Big 

Rock Blue Marlin Tournament. Additional scholarship support for B. Runde was provided by 

the North Carolina Chapter of the American Fisheries Society. 

 

   

  



19 

 

 

 

REFERENCES  

Addis, D. T., W. F. Patterson, M. A. Dance, and G. W. Ingram. 2013. Implications of reef 

fish movement from unreported artificial reef sites in the northern Gulf of Mexico. 

Fisheries Research 147:349-358. 

Alverson, D. L. 1994. A global assessment of fisheries bycatch and discards. Food & 

Agriculture Org. 

Beverton, R., J. Gulland, and A. Margetts. 1959. Whiting tagging: how the tag return rate is 

affected by the condition of fish when tagged. Journal du Conseil 25:53-57. 

Burns, K., and V. Restrepo. 2002. Survival of reef fish after rapid depressurization: field and 

laboratory studies. Pages 148-151 in American Fisheries Society Symposium. 

Campbell, M. D., W. B. Driggers III, B. Sauls, and J. F. Walter. 2014. Release mortality in 

the red snapper (Lutjanus campechanus) fishery: a meta-analysis of 3 decades of 

research. Fishery Bulletin 112. 

Coggins, L. G., M. J. Catalano, M. S. Allen, W. E. Pine, and C. J. Walters. 2007. Effects of 

cryptic mortality and the hidden costs of using length limits in fishery management. 

Fish and Fisheries 8:196-210. 

Collins, M. R. 1996. Survival estimates for demersal reef fishes released by anglers. 

Cox, D. R. 1972. Regression models and life-tables. Pages 527-541 in Breakthroughs in 

statistics. Springer. 

Curtis, J. M., M. W. Johnson, S. L. Diamond, and G. W. Stunz. 2015. Quantifying delayed 

mortality from barotrauma impairment in discarded red snapper using acoustic 

telemetry. Marine and Coastal Fisheries 7:434-449. 



20 

 

 

 

Davis, M. W. 2002. Key principles for understanding fish bycatch discard mortality. 

Canadian Journal of Fisheries and Aquatic Sciences 59:1834-1843. 

Hannah, R. W., S. J. Parker, and K. M. Matteson. 2008. Escaping the surface: the effect of 

capture depth on submergence success of surface-released Pacific rockfish. North 

American Journal of Fisheries Management 28:694-700. 

Hislop, J., and C. Hemmings. 1971. Observations by divers on the survival of tagged and 

untagged haddock Melanogrammus aeglefinus (L.) after capture by trawl or Danish 

seine net. Journal du Conseil 33:428-437. 

Johnson, M. W., S. L. Diamond, and G. W. Stunz. 2015. External attachment of acoustic tags 

to deepwater reef fishes: an alternate approach when internal implantation affects 

experimental design. Transactions of the American Fisheries Society 144:851-859. 

Kaimmer, S. M., and R. J. Trumble. 1998. Injury, condition, and mortality of Pacific halibut 

bycatch following careful release by Pacific cod and sablefish longline fisheries. 

Fisheries Research 38:131-144. 

Kelleher, K. 2005. Discards in the world's marine fisheries: an update. Food & Agriculture 

Org. 

MRIP. 2016. Recreational fisheries statistics website query. 

Nieland, D. L., A. J. Fischer, M. S. Baker, and C. A. Wilson. 2007. Red Snapper in the 

Northern Gilf of Mexico: Age and Size Composition of the Commercial Harvest and 

Mortality of Regulatory Discards. American Fisheries Society Symposium 60:301-

310. 



21 

 

 

 

NMFS. 2016. U.S. National Bycatch Report First Edition Update 2. U.S. Department of 

Commerce. 

Parker, S. J., H. I. McElderry, P. S. Rankin, and R. W. Hannah. 2006. Buoyancy Regulation 

and Barotrauma in Two Species of Nearshore Rockfish. Transactions of the American 

Fisheries Society 135:1213-1223. 

Patterson, W., G. Ingram Jr, R. Shipp, and J. Cowan Jr. 2002. Indirect estimation of red 

snapper (Lutjanus campechanus) and gray triggerfish (Balistes capriscus) release 

mortality. Pages 526-536 in Proceedings of the Gulf and Caribbean Fisheries 

Institute. 

Pollock, K., and W. Pine. 2007. The design and analysis of field studies to estimate catch‐

and‐release mortality. Fisheries Management and Ecology 14:123-130. 

Rudershausen, P., J. Hightower, and J. Buckel. 2016. Can optimal trap mesh size be 

predicted from body depth in a laterally-compressed fish species? Fisheries Research 

179:259-270. 

Rudershausen, P. J., J. A. Buckel, and T. Burgess. 2010. Estimating discard mortality of 

black sea bass (Centropristis striata) and other reef fish in North Carolina using a tag-

return approach. . North Carolina Sea Grant FRG. 

Rudershausen, P. J., J. A. Buckel, and J. E. Hightower. 2013. Estimating reef fish discard 

mortality using surface and bottom tagging: effects of hook injury and barotrauma. 

Canadian Journal of Fisheries and Aquatic Sciences 71:514-520. 



22 

 

 

 

Rudershausen, P. J., J. A. Buckel, and E. H. Williams. 2007. Discard composition and release 

fate in the snapper and grouper commercial hook-and-line fishery in North Carolina, 

USA. Fisheries Management and Ecology 14:103-113. 

SAFMC. 2014. Amendment 29 to the Fishery Management Plan for the Snapper Grouper 

Fishery of the South Atlantic Region. South Atlantic Fishery Management Council. 

SAFMC. 2016. Snapper Grouper Fishery Management Plan. South Atlantic Fishery 

Management Council. 

Sauls, B. 2014. Relative survival of gags Mycteroperca microlepis released within a 

recreational hook-and-line fishery: Application of the Cox Regression Model to 

control for heterogeneity in a large-scale mark-recapture study. Fisheries Research 

150:18-27. 

Sauls, B., A. Gray, C. Wilson, and K. Fitzpatrick. 2015. Size Distrubution, Release 

Condition, and Estimated Discard Mortality of Gray Triggerfish Observed in For-

Hire Recreational Fisheries in the South Atlantic. . SEDAR, North Charleston, SC. 

SEDAR. 2016. SEDAR 41 – South Atlantic Gray Triggerfish Assessment Report. SEDAR, 

North Charleston SC. 

St John, J., and C. J. Syers. 2005. Mortality of the demersal West Australian dhufish, 

Glaucosoma hebraicum (Richardson 1845) following catch and release: the influence 

of capture depth, venting and hook type. Fisheries Research 76:106-116. 

Stephen, J. A., and P. J. Harris. 2010. Commercial catch composition with discard and 

immediate release mortality proportions off the southeastern coast of the United 

States. Fisheries Research 103:18-24. 



23 

 

 

 

Theberge, S., and S. J. Parker. 2005. Release methods for rockfish. Sea Grant Oregon, 

Oregon State University. 

Wilde, G. R. 2009. Does Venting Promote Survival of Released Fish? Fisheries 34:20-28. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



24 

 

 

 

Tables  

Table 1. Condition categories for gray triggerfish were assigned qualitatively based on 

visible trauma and swimming behavior.  

 

Condition Description 

1 No visible external trauma, 

oriented towards the bottom and 

swam down  

2 Visible external trauma, oriented 

towards the bottom and swam 

down  

3 Floated, did not swim down, 

presumed dead 
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 Table 2. For the overall study, 175 gray triggerfish were recaptured at least once. Of these, 

52 were recaptured multiple times.  

 

N Recapture 

Events 

 

N Fish 

0 455 

1 123 

2 39 

3 11 

4 1 

5 1 
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Table 3. Observed and expected values from a chi squared test for independence of initial 

capture gear and recapture gear for sizes common to both gear types (225-300 mm FL). The 

results of the test are not significant (X2 test statistic = 0.08, p = 0.78) implying there was no 

behavioral heterogeneity (i.e. trap happiness) of gray triggerfish in our study.  

 

Observed  Gear used for 

recapture 

 

  HL Trap Total  

Gear used for 

initial capture 

HL 4 13 17 

Trap 27 62 89 

 Total 31 75 106 

 

 

Expected  Gear used for 

recapture 

 

  HL Trap Total  

Gear used for 

initial capture 

HL 5 12 17 

Trap 26 63 89 

 Total 31 75 106 
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Table 4. Results from the Cox proportional hazards regression model that included gray 

triggerfish < 301 mm FL. For phase one analyses (SCUBA experiment), survival estimates 

were based on a reference group of individuals tagged at the seafloor by divers. Phase two 

analyses (overall tagging experiment) used condition 1 fish as the reference group. Values for 

conditions 2 and 3 shown below have been scaled using the condition 1 estimates from the 

SCUBA experiment. 

 

 

Experiment 

 

Condition 

 

Capture Gear 

N 

Tagged 

N 

Returned 

 

2.5% CI 

Med. 

Survival 

 

97.5% CI 

SCUBA 

experiment  

0 - 113 54  1.0  

1 Hook-and-

line 

31 4 0.08 0.21 0.58 

1 Trap 63 28 0.51 0.81 1.28 

 

Overall 

tagging 

experiment  

1 

Hook-and-

line 75 15 0.08 0.21 0.58 

1 Trap 130 42 0.51 0.81 1.28 

2 

Hook-and-

line 13 2 0.03 0.16 0.96 

2 Trap 63 10 0.16 0.36 0.81 

3 

Hook-and-

line 2 0 0.00 0.00 Inf. 

3 Trap 11 0 0.00 0.00 Inf.  
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Table 5. Reported discard mortality estimates by study, for all studies considered in the latest 

gray triggerfish stock assessment. Reproduced from SEDAR ( 2016). †Gray literature; ‡Peer 

reviewed literature.  

 

 

Source 

Mortality 

Estimate (%) 

SEDAR 32-DW14† 12 

SEDAR 32-DW11† 12 

Rudershausen et al. (2010)† 15 

Collins (1996) † 17 

Stephen and Harris (2010) ‡ 93 

Patterson et al. (2002) ‡ 0 
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Figures  

 

Figure 1. Gray triggerfish releases and harvests from NOAA Marine Recreational 

Information Program, 1982-2016. A 305mm minimum size requirement was established for 

NC, SC, and GA in mid-2015.  
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Figure 2. Proportion of gray triggerfish released in 10 m depth bins off North Carolina and 

Florida, 2013-2016, from NOAA Observer Program and Florida Fish and Wildlife 

Conservation Commission. 
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Figure 3. Proportional catch by size for the two gear types, traps and hook and line. The area 

between the dashed lines is the size range (226-301 mm, as indicated by dashed lines) that 

were included in the chi-squared test for independence to determine whether behavioral 

heterogeneity was a factor in our analysis.  
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Figure 4. Proportion of gray triggerfish released in conditions 1, 2, and 3 from the Florida 

observer dataset. Depth bins are 5 m except 1-10 and 66-100 due to low sample sizes in those 

depths.  
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CHAPTER 2 

Descender Devices are Promising Tools for Increasing Survival in 

Deepwater Groupers 

 

This chapter has been submitted for publication to Marine and Coastal Fisheries. It is co-

authored by Jeffrey Buckel and is formatted for Marine and Coastal Fisheries.  

 

 

Abstract  

Discard survival of deepwater (>60 m) groupers (Serranidae; Epinephelinae) is often 

assumed to be 0% given the severity of their barotrauma and associated inability to 

submerge. We used acoustic telemetry to study the activity of 19 deepwater groupers after a 

recompressed release with a descender device, achieved by rapidly returning fish to a depth 

where expanded gases can contract. The species tested were Scamp (Mycteroperca phenax, 

n=8), Snowy Grouper (Epinephelus niveatus, n=7), and Speckled Hind (E. drummondhayi, 

n=4). Individuals of all three species showed post-recompression variation in water depth and 

acceleration indicative of survival, while information from other tags indicated discard 

mortality. Nonparametric Kaplan-Meier survivorship procedures yielded a 14 d survival 

estimate of 0.50 (95% CI: 0.10, 0.91); although low, this is higher than currently assumed 0% 

survival. Additionally, our estimate of discard survival is likely biased low because we 

assumed no individuals shed their tag, which is unlikely for our external attachment method. 

A technique to increase discard survival of deepwater groupers may lead to better-
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constructed regulations for reef fishes in the US southeast and elsewhere where these species 

are caught and released. 

 

1. Introduction 

 For many fisheries, discarded fish make up a large and increasing proportion of total 

catch (Kelleher 2005; NMFS 2016). Because of this trend, research has focused not only on 

ways to estimate discard survival but also on methods to increase its magnitude (Davis 2002; 

Benaka 2016). For example, authors have tested approaches such as modifications to fishing 

gear (e.g. the use of circle hooks; Bacheler and Buckel 2004; Patterson et al. 2012) and 

release procedures such as venting (Wilde 2009; Burns and Froeschke 2012; Curtis et al. 

2015). 

Discard survival is often low in physoclistous reef-associated bottom fishes such as 

groupers (Serranidae; Epinephelinae). Such fishes often sustain pressure-related injuries 

(barotrauma) upon being hooked and brought to the surface (Huntsman et al. 1999). For 

many taxa, the severity of barotrauma and associated rates of discard mortality are positively 

correlated with depth of capture (Gitschlag and Renaud 1994; Wilson and Burns 1996). As 

such, species that inhabit deeper water are probably more susceptible to discard mortality 

than are their shallow water counterparts (St John and Syers 2005; Rudershausen et al. 2007). 

One common type of barotrauma in deepwater (>60m) groupers is swim bladder distention 

or rupture which results in abdominal bloating; this bloating may render a fish unable to 

submerge (Huntsman et al. 1999; Burns et al. 2002). Floating barotraumatized reef fish may 

suffer near 100% mortality (Burns and Restrepo 2002; Rudershausen et al. 2013).  
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There are two common techniques intended to mitigate barotrauma. Puncturing the 

swim bladder to relieve pressure (venting) has been explored for many reef fish species (e.g. 

Burns et al. 2002; Drumhiller et al. 2014). However, the conclusion of a review of 17 studies 

was that this practice may adversely affect survival rather than promote it (Wilde 2009). An 

alternative to venting is forced recompression, achieved by rapidly returning barotraumatized 

fish to a depth where expanded gases can contract. Recent studies have shown that 

recompressing deepwater Pacific rockfish (Sebastes spp.) increases post-release survival as 

compared to surface release (e.g. Theberge and Parker 2005; Pribyl et al. 2012). This 

technique also appears to increase survival in Red Snapper (Lutjanus campechanus) 

(Drumhiller et al. 2014). However, there have been no studies to our knowledge that have 

tested the efficacy of recompressing deepwater groupers (or any closely-related species) to 

increase survival.  

Deepwater groupers are discarded for a variety of reasons: minimum length limits, 

trip limits, seasonal closures, and total fishery closures are some of the most common. All of 

these restrictions comprise the regulatory structure for deepwater groupers in the US South 

Atlantic. Speckled Hind (Epinephelus drummondhayi), Snowy Grouper (E. niveatus), and 

Scamp (Mycteroperca phenax) are groupers whose current regulations represent a range of 

scenarios by which discards might occur. Because these fish often share habitat, bycatch and 

discarding of one species may occur when another species is targeted. Even in fisheries that 

have a harvest moratorium (e.g. Speckled Hind), this bycatch and associated mortality could 

hinder population rebuilding. For example, Coggins et al. (2007) showed that population-

level discard mortality rates of as little as 0.05 would prevent length limit regulations from 
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achieving sustainability in fish such as groupers; this is because the number of discarded 

undersized fish that ultimately perish is high enough to result in recruitment overfishing. 

Reductions in the discard mortality rate for these species could result in more rapid 

rebuilding of stocks.  

Methods for estimating discard mortality in Serranids and other fishes have included 

the use of observable symptoms (e.g. floating, bleeding, hook trauma) as proxies for 

mortality (Davis 2007; Rudershausen et al. 2007), but this method does not account for 

subclinical injuries that may result in delayed mortality (Davis 2002). One method of 

assessing delayed mortality is through the use of ultrasonic acoustic telemetry (Hightower et 

al. 2001; Heupel and Simpfendorfer 2002). The incorporation of accelerometers and/or depth 

sensors into acoustic transmitters allows for monitoring of fish behavior post-release: such 

transmitters have recently been used to evaluate discard mortality rates in Red Snapper 

(Curtis et al. 2015), Atlantic Cod (Gadus morhua; Mandelman et al. 2014) and several 

species of Pacific rockfish (N. Wegner, NMFS, personal communication). In this study, we 

evaluated whether forced recompression with a descender device can increase post-release 

survival to above 0% in three deepwater grouper species: Speckled Hind, Snowy Grouper, 

and Scamp. We used acoustic telemetry to monitor changes in depth and acceleration of fish 

after tagging as indicators of survival. Our results will inform fishery managers of the 

potential for increasing post-release survival among groupers that have an assumed 0% 

survival rate when caught and released in this deepwater fishery. 
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2. Methods  

2.1. Fish capture and tagging  

All grouper were captured at the continental shelf break inside the Snowy Wreck 

Marine Protected Area (SWMPA; 33° 30’N, 76° 50’W, Figure 1) off North Carolina, USA 

on August 17-18, 2015. We fished in depths of 60-120 m using high-low bottom rigs with 

8/0 J hooks and cut Menhaden (Brevoortia tyrannus) and squid (Illex sp.) for bait. For each 

grouper, we recorded total length (mm) and any visible barotrauma including stomach 

eversion and exophthalmia. Upon capture, grouper >350 mm total length were tagged with 

Vemco V13AP ultrasonic coded transmitters (V13AP-H; 69kHz; random delay: 60-180 s; 

estimated tag life 158 d) with incorporated acceleration and pressure (depth) sensors. The 

transmitters calculated depth using a converted pressure value (maximum 136 m). Overall 

acceleration (m/s2) was calculated by a preprogrammed activity algorithm. For a fixed time 

interval (45s for our transmitters), the tag produced an average acceleration value (m/s2) from 

3 measurements along X, Y, and Z axes as, 

 √𝑋2 + 𝑌2 + 𝑍2 . 

Surgical implantation of transmitter tags requires anesthesia, a long surface interval, 

and may relieve abdominal gas pressure that would otherwise prevent fish from swimming 

down (effectively venting the fish; Johnson et al. 2015). Because we wished to isolate the 

efficacy of recompression (with no venting) and to have surface intervals similar to normal 

fishing operations, we chose to attach the transmitters externally. In addition, external 

attachment results in greater detection ranges for this type of transmitter (Dance et al. 2016). 

Transmitters were attached to a short length of 20-ga galvanized steel wire with polyolefin 
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heat shrink tubing (1.27 cm diameter). A plastic dart tag tip (Floy Tag, Inc. FIM-96) was 

attached to each end of the wire by looping through a double barrel brass crimp (size 1.0). 

Crimps were covered with polyolefin heat shrink tubing (0.32 cm diameter) to reduce friction 

(Figure 1). Prior to tagging, prepared transmitters and metal applicator tools were soaked in 

diluted 2% chlorhexidine gluconate antiseptic solution. Fish were tagged by simultaneously 

inserting the two dart tips through the dorsal pterygiophores so that the long axis of the 

transmitter was fixed parallel to the lateral line of the fish. Deck time for each fish was no 

more than 4 minutes. Grouper were descended using a SeaQualizer tool set to release at 

either 46 or 61 m. One transmitter, prepared as above, was affixed to a submersible receiver 

mooring to serve as a control.  

 

2.2. Submersible receiver mooring deployment and retrieval  

Vemco VR2W submersible receivers were attached to rigging consisting of a 

subsurface trawl float, sacrificial ballast, and an acoustic release (SubSeaSonics LLC., model 

AR-50-AA). We deployed 6 moorings on August 17 and 18, 2015 in locations determined ad 

hoc based on the spatial arrangement of grouper releases (Figure 2).  All grouper release 

locations were within 400 m of a submersible receiver mooring. On September 30, 2015 we 

recovered the moorings by signaling the acoustic releases to separate from the sacrificial 

ballast.  
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2.3. Data processing, fate assignment, and analysis  

Acoustic detection data were downloaded using Vemco VUE software. Overall 

survival of groupers was estimated with a nonparametric Kaplan-Meier survivorship 

procedure (Cox and Oakes 1984; Pollock et al. 1989). The Kaplan-Meier procedure allows 

for the censorship of individuals from the survival analysis. All analyses were performed in 

R version 3.3.0, package ‘survival’.  

Fates were assigned to grouper by qualitatively evaluating their individual 

acceleration and depth profiles (Curtis et al. 2015). Activity for the first 14 d post-release was 

used to determine fates. Possible fate assignments were discard mortality, censorship due to a 

lack of data, or survival. Fishing mortality was not considered possible because we released 

fish in an area closed to all bottom fishing. Individuals were considered to have emigrated 

from the study area if they displayed lifelike changes in depth and acceleration until their 

final detection. In the Kaplan-Meier survivorship procedure emigrants were censored from 

the analysis on the day during which emigration occurred. Tags that showed a cessation of 

movement (i.e. exhibited typical movement patterns followed by constant depth and zero 

acceleration) within the 14 day period of analysis were assumed to have suffered discard 

mortality, although we could not rule out the possibility of tag shedding.  

To test the effects of covariates such as species, total length, and depth of capture, we 

conducted a logistic regression in R (version 3.3.0). These analyses were conducted using 

fate as a binomial variable i.e. mortality = 0, not mortality = 1. Variables were examined for 

significance at the α=0.05 level.  
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3. Results  

A total of 19 grouper of the three target species were tagged with acoustic 

transmitters.  Scamp (n=8) ranged from 514 to 690 mm in total length (TL) (mean ± SE = 

598 ± 24 mm).  Snowy Grouper (n=7) ranged from 359 to 434 mm TL (390 ± 11 mm). 

Speckled Hind (n=4) ranged from 437 to 752 mm TL (590 ± 60 mm).  

From the transmitters on these 19 fish, we accumulated approximately 60,000 

detections throughout the 44-day study period. The control tag showed that depth was 

constant and acceleration was minimal for a tag moored to one of our receivers (Figure 3a). 

Durations of detection histories ranged from 0 d to 44 d (entire study period; see Figure 4). 

One grouper was never detected and two grouper were detected for less than 4 hours; these 

three fish were assigned a fate classification of “unknown” and were excluded from the 

Kaplan-Meier analysis. Six additional fish showed movements indicating survival up to their 

date of emigration from the array before day 14; these fish were censored on the day they 

emigrated. One grouper had a few initial detections on receivers local to the release site and 

then was next detected 24 hours later on a receiver ~4km away at a shallow depth (Scamp 8; 

Figure 3b). We assume the transmitter from this grouper was in the stomach of a large 

predator or scavenger that moved away from the tagging study area at a shallow depth; this 

tag was never detected again and this fish was classified as a discard mortality on day 1. Six 

fish were classified as discard mortalities due to a cessation of tag movement (e.g. Figure 3c). 

Three fish survived and remained within detection range beyond day 14. One of these was 

still detected alive at the end of the study and is denoted by an “S” in figure 4. One fish 

emigrated on day 16 of the study, and one fish showed a cessation of tag movement 34 d 
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after release. Because these latter two events occurred outside our 14 d period of analysis, 

both fish were assigned the fate of survival. The Kaplan-Meier survival estimate on day 14 

was 0.50 (95% CI: 0.10, 0.91); discard survival ranged from ~0.9 to ~0.6 at 4 and 8 days 

after release, respectively (Figure 5).  

We found no evidence of covariates having an influence on discard survival in 

grouper. A logistic regression model including three variables found no significance effect of 

depth of capture (z = 0.62; p=0.54), total length (z = 0.76; p=0.45), or species (z = 1.28; 

p=0.20) on grouper discard survival. 

 

4. Discussion 

Our study examines survival to 14 d post-release. There has been little consistency in 

the literature as to an appropriate period of analysis for such studies. Curtis et al. (2015) used 

field methods similar to ours but chose a 3 d period of analysis for Red Snapper. As 

justification, the authors of that study assumed 0% tag loss and reported no individuals 

displaying cessation of tag movement after 3 d. Hochhalter and Reed (2011) used mark-

recapture to estimate relative delayed mortality of Pacific rockfish under a variety of 

treatments. They chose 17 d as their period of analysis, and were aided in their work by high 

densities and high site fidelities of their target species. Sumpton et al. (2010) also used mark-

recapture, but in a large-scale long-term (4 yr) study involving angler participation. Other 

studies of discard mortality (particularly those using caging or other enclosures) have varied 
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widely in their period of analysis, from 2 d (Jarvis and Lowe 2008) to 10-15 d (Gitschlag and 

Renaud 1994) in situ and up to 31 d in a controlled setting (Pribyl et al. 2012).  

In many of the above studies, an abbreviated observation period was deemed 

necessary to avoid confounding effects of caging (e.g. protection from predation, physical 

damage from contact with the cage) with discard mortality. For example, Jarvis and Lowe 

(2008) considered all fish still alive at 2 days post-capture to have survived the release event. 

Our work shows that a 2 day observation period may not have been long enough for 

deepwater groupers. Only one fish was classified as a mortality up to the end of day 2; if we 

had limited our analysis to discard mortalities to day 2, our survival estimate would have 

been ~95% and biased high because it would not have included subsequent discard 

mortalities.   

All fish that showed a cessation of tag movement did so within the 14 d period of 

analysis, with the exception of Scamp 5 which stopped moving 34 d after release. Because of 

the high level of activity observed until that time, we consider tag shedding the most 

parsimonious explanation for cessation of movement of this fish. The six grouper classified 

as discard mortalities (and not eaten by a predator) displayed similar activity patterns until 

the moment when they stopped moving. One or more of these fish could have shed their tag 

rather than suffered mortality. Musyl et al. (2011) provided estimates of tag shedding for 

pop-up satellite archival tags (PSATs) that were attached to billfishes using the same style 

nylon dart tips as used in this study. The authors showed that retention of PSATs attached 

with nylon dart tips was significantly worse than those attached with any of 4 other methods 

examined (although they used a single dart tip rather than two). In fact, approximately 50% 
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of PSATs attached with nylon dart tips had been shed by day 10 of their study. While PSATs 

differ in size and shape from acoustic transmitters, the low retention rates from Musyl et al. 

(2011) substantiate the possibility that some of our grouper may have lost their tags. 

Furthermore, given the abundance of hard structure in our study area, it is conceivable that 

some of our individuals could have removed their transmitters by intentionally abrading them 

on an available environmental object. In addition, while we intended to insert the dart tips 

through the pterygiophores, it is possible that some were not placed properly. Particularly for 

larger individuals, the inter-pterygiophore distance may exceed the width of the dart tip 

including the two barbs. If this were the case, the dart would only be held by skin, 

membrane, and muscle, and would likely be more easily removed. If tag shedding occurred 

on or before day 14, then our estimates of discard survival would be biased low.  

While our estimate of survival is low, 50% represents a substantial increase over the 

previous assumption of zero survival. Our findings of increased survival through 

recompression corroborate the results of many of the studies cited above. However, these 

studies (with few exceptions) have been limited to Pacific rockfish Sebastes spp. (e.g. Parker 

et al. 2006; Hannah and Matteson 2007; Hochhalter and Reed 2011) or Red Snapper (e.g. 

Gitschlag and Renaud 1994; Curtis et al. 2015) and do not represent the diversity of 

deepwater reef fishes that are susceptible to barotrauma. To our knowledge, this study is the 

first to test the effects of recompression on a Serranid, despite their current and historical 

value as food fish in the United States and in other countries. Further work on Serranids and 

other under-explored taxa would be useful in elucidating the effects of recompression on 

survival.  
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We did not include a control group in this study because it is well known that non-

treated grouper (i.e. not vented or descended) float after being captured and released at these 

water depths. Indeed, the most recent stock assessment for snowy grouper used 0% discard 

survival for this species regardless of capture depth (SEDAR 2013). The behavior of snowy 

grouper released as part of two other unpublished studies corroborates the stock assessment 

value: in depths of 129-153 m (n=8) and 195-246 m (n=12) 100% of untreated fish floated 

(B. Runde, unpublished data; J. Facendola, NCDMF, unpublished data). Empirical data for 

surface released speckled hind and scamp for this depth range are unavailable. However, it is 

very likely that their disposition would be comparable to that of snowy grouper, given their 

close taxonomical relationship and our observations of universal severe barotrauma.  

Even if fish are able to submerge without descending, their injuries from deepwater 

barotrauma can often appear severe enough to be lethal. This apparent severity contributes to 

the assumption of 0% survival in deepwater grouper. However, there is evidence to suggest 

rapid physical and physiological recovery may be possible. Collins (2014) tagged goliath 

grouper (E. itajara) in 12-39 m with transmitters almost identical to those used here (Vemco 

V13P). The author documented a high occurrence of barotrauma at deeper depths, and 

observed that the majority of tagged fish were temporarily (up to 24 h) inactive immediately 

following tagging, a phenomenon we observed with several of our tagged grouper (e.g. 

Figure 3c). This period of inactivity may be related to the healing process in barotraumatized 

individuals. Indeed, Burns and Restrepo (2002) experimentally demonstrated that red grouper 

(E. morio) could heal a ruptured swim bladder in as little as 4 days. Such recovery is likely 
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also possible in our three closely-related subject species, provided that they are able to 

submerge and return to the bottom.  

We censored grouper from our analysis on the day that they permanently emigrated 

the receiver detection area. This results in a smaller pool of remaining or “at-risk” individuals 

that can die from discard mortality. As a result, mortalities that occurred later in our period of 

analysis have a correspondingly larger effect on the overall estimate of survival. 

Furthermore, censorships lead to wider confidence interval because overall sample sizes are 

lower. Thus, our results would not be comparable to studies where survival is estimated only 

at the completion of the study (i.e. number of survivors/total number of fish tagged) and 

emigrants are counted as survivors. 

Because of the type of descender devices used, many recompression studies release 

fish at the seafloor (e.g. Brown et al. 2010; Butcher et al. 2012; Curtis et al. 2015), although 

Hannah and Matteson (2007) used variable release depth for two rockfish species depending 

on depth of capture and severity of visible barotrauma. The SeaQualizer tool used in this 

study allows fishers to choose the depth of release (triggered by an internal pressure sensor). 

Our intended release depth for all fish was 46 m, however due to equipment loss during field 

work, we had to employ the use of a second SeaQualizer which did not allow release at 46 m. 

As such, some individuals were descended to 46 m and others to 61 m before release. 

Release depth may be of little consequence, provided that it is at least a few meters below the 

surface as the greatest pressure differential occurs closest to the surface (Theberge and Parker 

2005). However, a secondary benefit of descender devices that attach to the jaw of the fish 

(e.g. SeaQualizer, Shelton Fish Descender) is that by pulling the fish down headfirst, 
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oxygenated water is forced over the gills. This may aid the fish in overcoming the oxygen 

debt resulting from capture-related fatigue and removal from the water (Ferguson and Tufts 

1992). Additionally, release at depths closer to the bottom may assist recovering fish in 

evading larger predators. Thus, deeper release depths using a descender device may provide 

benefits beyond recompression. There was no evidence in our study of an effect of varied 

release depth on survival.  

 

5. Conclusions  

 Fishery managers have struggled to set regulations for relatively abundant species 

that cohabitate with at-risk or rare species, such as those studied here, and for species whose 

discard survival is thought to be extremely low. A method of increasing discard survival of 

deepwater groupers would be extremely useful for grouper management. For example, there 

are no size limits for Snowy Grouper in the U.S. southeast because of the assumed 0% 

discard survival. This regulation might be amended if discarded fish were known to have a 

reasonable chance of survival through the use of a descender device. Gear requirements for 

fisheries are not unprecedented: circle hooks, dehooking tools, and venting tools have all (at 

times) been mandated equipment (GMFMC 2007; SAFMC 2009; SAFMC 2010). Descender 

tools of a variety of designs generally require little skill to operate, and even the most 

advanced are modestly-priced (e.g. SeaQualizer, $55). We demonstrate that forced 

recompression through the use of a descender device has the potential to be an effective 

approach to increase discard survival for deepwater groupers.  
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Figure 1. A V13AP transmitter prepared for external attachment. 
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Figure 2. Map showing the western corner of the Snowy Wreck Marine Protected Area. All 

grouper releases occurred along the continental shelf break (i.e. the NW edge of the MPA). 
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Figure 3. Example activity plots for three telemetry tags – upper panels indicate acceleration 

(m*s-2) and lower panels indicate depth (m). Note variations in x-axis scale reflect the 

duration of detection of each individual. A) The control transmitter that was fixed on a 

receiver mooring for the duration of the study. B) Scamp 8 was detected a few times 

immediately after release, followed by a single detection 24-h later. This final detection took 

place on a receiver ~4km from the release site, indicating that this fish probably was the 

victim of predation or scavenging resulting from the trauma associated with being caught and 

released. C) Snowy Grouper 6 displayed a ~2-d recovery period with little movement before 

returning to a state of higher activity. Around August 27 (10 days after release), this tag 

ceased movement. D) Speckled Hind 3 is an example of a fish that appears to have emigrated 

from the study area. Because the last detections of this fish were on day 3 after release, this 

individual was censored from the analysis on that day. 
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Figure 4. Detection histories for 19 telemetered grouper of three species, tagged at the Snowy Wreck Marine Protected Area on 

August 17-18, 2015. Each row indicates the detection history and fate of an individual. Letters at the end of each bar identify 

emigration (E; n=7) before the end of the study period, assumed discard mortality (D; n= 7), assumed tag loss (T; n=1) or survival to 

the end of the study period (S; n=1). Individuals with fewer than 24 hours of detections were assigned a fate of “unknown” (U; n=3). 
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Figure 5. Kaplan-Meier survival estimates for 19 telemetered grouper caught and released 

with a descender device at 60 to 120 m water depth. There were three species of grouper: 

Scamp, Snowy Grouper, and Speckled Hind.  
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APPENDIX A 

Supporting Information for Chapter 1 
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Table SI 1. Regulations enacted by the South Atlantic Fishery Management Council since 

1999, classified by whether they were more restrictive or less restrictive. Overwhelmingly, 

recent regulations have been more restrictive.  

 

Year 

effective Regulation  

More or less 

restrictive Type 

1999 Red porgy 14" more size 

1999 Red porgy bag limit 5 more trip 

1999 Black sea bass 10" more size 

1999 Black sea bass bag limit 20 more trip 

1999 Greater amberjack bag limit 1 more trip 

1999 Greater amberjack open May 1-Dec 31 more season 

1999 Yellowtail snapper 12" more size 

1999 Mutton snapper 16" more size 

1999 Red snapper 20" more size 

1999 Yellowfin grouper 20" more size 

1999 Yellowmouth grouper 20" more size 

1999 Scamp 20" more size 

1999 Vermilion snapper 11" more size 

1999 Gag 24" more size 

1999 Black grouper 24" more size 

1999 Aggregate grouper limit more bag 

1999 Snapper/grouper 20 fish/day more bag 

1999 Prohibited harvest of red porgy more season 

2000 Reopened red porgy harvest less season 

2000 Red porgy bag limit 1 more bag 

2000 Trip limit for greater amberjack more bag 

2006 Increased allowable catch of red porgy less quota 

2006 Snowy grouper limited to 1/day more bag 

2006 Trip limit 275lb snowy grouper more trip 

2006 Trip limit 175lb snowy grouper  more trip 

2006 Golden tilefish 1/day more bag 

2006 Vermilion snapper 12" less size 

2006 Black sea bass 11" more size 

2006 Black sea bass 12" more size 

2006 Black sea bass 20 to 15 per day more bag 

2009 Reduced 5-fish agg. grouper to 3-fish more bag 

2009 Vermilion snapper bag reduced 10 to 5 more bag 

2009 Vermilion snapper closed Nov. - March more season 

2009 Prohibited harvest of red snapper more season 

2011 Prohibited harvest of deepwater species more season 

2011 Trip limit vermilion snapper more trip 
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2011 Trip limit gag grouper more  trip 

2011 Trip limit increased for greater amberjack less trip 

2011 Bag limit black sea bass reduced more bag 

2012 Reopened harvest of deepwater species less season 

2015 Gray triggerfish minimum size 12" more size 

2015 Gray triggerfish trip limit more trip 

 

 

 

 

R code for the Monte Carlo simulations used in the estimation of confidence intervals for 

chapter 1 

 

##setup  

 

reps<-1000000 #change if computer is slow  

set.seed(1027) 

output<-matrix(NA,3,3) 

 

 

##read in vals for survival of condition 1 fish  

 

surv_1<-rnorm(reps,mean=-1.5670,sd=0.5184) #output from phase one coxph, the absolute 

survival of condition 1 fish for HL 

#surv_1<-rnorm(reps,mean=-0.2099,sd=0.2330) #for traps 

mean(exp(surv_1)) #test that the mean is close to the model output  



65 

 

 

##fill in output for condition 1 fish  

output[1,1]<-exp(mean(surv_1)-(1.96*sqrt(var(surv_1)))) 

output[2,1]<-exp(mean(surv_1)) 

output[3,1]<-exp(mean(surv_1)+(1.96*sqrt(var(surv_1)))) 

 

##read in values for survival of condition 2 fish  

surv_2<-rnorm(reps,mean=-.2628,sd=.7531) #vals are from the unscaled coxph output - 

phase two, relative surv of c2 fish for HL 

#surv_2<-rnorm(reps,mean=-.8237,sd=.3512) #for traps 

 

 

surv_2_adj<-exp(surv_1)*exp(surv_2) #this is the scaling step - have to multiply the 

transformed vals 

 

surv_2_mean<-mean(log(surv_2_adj)) #untransformed mean of abs surv c2 

 

#calculate and fill in output vals for transformed survival of condition 2 fish  

output[2,2]<-exp(surv_2_mean) 

 

surv_2_sd<-sqrt(var(log(surv_2_adj))) #untransformed sd of abs surv c2exp(surv_2_mean) 

#transformed absolute survival of c2 

output[1,2]<-exp(surv_2_mean-(1.96*surv_2_sd)) #transformed upper 2.5 survival of c2 
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output[3,2]<-exp(surv_2_mean+(1.96*surv_2_sd)) #transformed upper 97.5 survival of c2 

surv_2_real<-rnorm(reps,mean=surv_2_mean,sd=surv_2_sd) 

 

 

###Loop below simulates overall population mortality using values from above code 

 

new_final<-matrix(NA,reps,1) #matrix that will give survival values for each simulated fish  

condition<-c(1,2,3) #possible condition categories  

props<-c(0.42,0.51,0.07) #probability of being in each condition  

 

for (i in 1:reps){ 

fishi_cond<-sample(condition,1,prob=props) #decide the condition of the ith fish  

if (fishi_cond==1){  

  new_final[i]<-sample(surv_1,1) #if fish i is condition 1, predict its chance of survival  

} 

 

if (fishi_cond==2){ 

      new_final[i]<-sample(surv_2_real,1) #if fish i is condition 2, predict its chance of 

survival  

    } 

if (fishi_cond==3){ 

  new_final[i]<-0 #if fish i is condition 3, it does not have a chance of survival   

} 
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} 

 

mean_surv<-exp(mean(new_final)) 

output[2,3]<-mean_surv 

sd_surv<-sqrt(var(new_final)) 

upper_CI<-exp(mean(new_final)+(1.96*sd_surv)) 

output[3,3]<-upper_CI 

lower_CI<-exp(mean(new_final)-(1.96*sd_surv)) 

output[1,3]<-lower_CI 

 

output #col 1 = surv 1, col 2 = surv 2, col 3 = overall surv  
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APPENDIX B 

Supporting Information for Chapter 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



69 

 

 

 

 



70 

 

 

 

 



71 

 

 

 

 



72 

 

 

 

 



73 

 

 

 



74 

 

 

 



75 

 

 

 



76 

 

 

 

 



77 

 

 

 



78 

 

 

 



79 

 

 

 



80 

 

 

 



81 

 

 

 



82 

 

 

 



83 

 

 

 

Figure SI 1. Detection histories for 15 grouper that were tagged with Vemco V13AP 

telemetry tags and not shown in Figure 3. Scamp 7 is not shown in Figure 3 or here because 

there were no detections for this grouper. Note changes in range of y- and x-axes among 

individual grouper.  

 

 

 


