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A total of 192 largemouth bass were caught at Lake Ray 

Roberts, Texas (1995) to investigate five controversial bass 

angling techniques relative to hooking mortality. The bait 

types were Texas-rigged scented and non-scented plastic 

worms, Carolina-rigged scented and non-scented plastic 

worms, and live golden shiners. Overall hooking mortality 

was 21.87% and mortality was dependent upon bait type. 

Highest mortality resulted from the Texas-rigged scented 

lures, while the lowest mortality was generated by live 

golden shiners. A creel survey indicated that few anglers 

were having success with the investigated baits. Factors 

that had a confirmed effect on hooking mortality were 

hooking location and water temperature. Hooking mortality 

was not excessive compared to other similar studies. 
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INTRODUCTION 

Recreational or sport fishing provides a popular form 

of entertainment to many people in the State of Texas. 

According to a 1992 survey of Texas anglers, 3.9 million 

participants exist in the state generating a $4.9 billion 

dollar industry (Sansum and Rosen 1992). Beneficial effects 

of such demand are numerous, including increased local 

economies and job opportunities in rural areas. Detrimental 

side effects also occur such as water, air, and conventional 

litter pollution. A primary concern is overharvesting of 

gamefish. In an attempt to remedy this problem, catch-and-

release regulations have been implemented during the last 

few decades in many states, including Texas (Burkett et al. 

1986) 

Catch-and-release is defined by Barnhart (1989) as a 

management mechanism used to establish and sustain maximum 

angling quality by decreasing or manipulating angler induced 

fish mortality. The idea is self explanatory in that 

anglers release all or most of the fish caught so that the 

recreational activity of fishing does not hinder managed 

populations of gamefish. The success of this management 

strategy depends upon the survival of gamefish after hooking 

(Burkett et al. 1986). Therefore, if a fish dies as a 

result of hooking, referred to as hooking mortality 
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hereafter, catch-and-release practices are ineffective as a 

solution to overharvesting of gamefish and wasteful of the 

resource. 

A number of researchers have examined the link between 

hooking mortality and catch-and-release management practices 

(Barnhart 1989, Clapp and Clark 1989, Hysmith et al. 1992, 

Rutledge and Pritchard 1977). Hooking mortality has been 

guantified for various species of gamefish and related to a 

number of factors including type of hook, numbers of barbs, 

location of hook injury, type of bait or lure, angling 

technigue, water temperature, origin of fish, depth of 

retrieval and seasonal variation (Muoneke 1992). Most 

studies have concentrated on salmonids which have 

mortalities usually less than 10% but as high as 44% (Dotson 

1982, Nuhfer and Alexander 1992, Persons and Hirsch 1994, 

Bendock and Alexandersdottir 1993, Taylor and White 1992, 

Warner 1979). Other gamefish have been similarly studied, 

such as walleye, bluegill, striped bass, smallmouth bass, 

and largemouth bass with hooking mortality ranging from 0% 

to 38% (Payer et al. 1989, Schaefer 1989, Muoneke 1992, 

Hysmith et al. 1992, Clapp and Clark 1989, Rutledge and 

Pritchard 1977). This research is generally performed by 

catching a sample of fish using popular fishing technigues, 

observing the fish in a holding tank to measure mortality, 

and applying the appropriate statistical methods to 

determine if hooking mortality is significant. 
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Recently, a controversy related to hooking mortality of 

largemouth bass, Micropterus salmoides, has developed on 

popular fishing locations in Texas including Lake Fork and 

Lake Ray Roberts (Sasser 1995; Williams 1995). It concerns 

the use of largemouth bass angling techniques such as 

scented plastic lures as opposed to traditional non-scented 

plastic lures, Carolina-rigged plastic lures as opposed to 

Texas-rigged plastics, and live shiners as opposed to 

artificial lures. Utilization of scented lures, Carolina-

rigged lures, and live shiners are thought to produce 

greater hooking mortality in largemouth bass due to "deep 

hooking", which happens when hooks embed in vital locations 

such as the gill arch. 

A scented plastic lure is made with enzymes or proteins 

fabricated into the plastic so that the lure not only looks 

like a natural prey item but also smells and tastes like a 

natural prey organism to gamefish. A non-scented plastic 

lure is made only of synthetic vinyl and therefore visually 

simulates a prey item but still smells and tastes 

artificial. Scented plastic lures are proported to be "hit" 

more aggressively, held longer, and swallowed deeper by fish 

than non-scented plastic lures; consequently, scented lures 

should increase hooking mortality. 

Carolina-rigged plastics are constructed by anchoring a 

weight or sinker on the line so that the plastic lure, 

located anywhere from 30 to 150 cm away, floats in the water 
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column never touching the sinker (Figure 1). Texas-rigged 

plastics are constructed so that the weight is directly 

adjacent to the plastic lure (Figure 2). Carolina-rigged 

plastics contain slack line between angler and plastic lure. 

The angler cannot always detect a fish "strike" due to this 

slack in the line, therefore, the fish can potentially 

swallow the lure resulting in greater hooking mortality than 

that resulting from Texas-rigged plastics. 

Golden shiners, Notemigonus crysoleucus, exist in area 

aquatic ecosystems and are a natural prey item for 

largemouth bass (Robison and Buchanan 1988). Also, golden 

shiners are commercially produced and sold as live bait to 

anglers. Anglers position a single hook through the mouth 

or back of the shiner and detect strikes either with the use 

of a bobber or "by feel". Shiner fishing, although 

traditional, contributes to the controversy because, 

compared to artificial lures, largemouth bass are thought to 

"hit" shiners more aggressively. Deep hooking of the fish 

potentially occurs, further increasing the probability of 

significant hooking mortality. Fishing with shiners has 

become popular due to its effectiveness in catching trophy-

sized largemouth bass. 

OBJECTIVES 

Although hooking mortality studies have included 

largemouth bass (Rutledge and Pritchard 1977; Pelzman 1978), 
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none have involved the above methods of angling or utilizing 

a large, highly populated reservoir as the research site. 

The first objective was to quantify hooking mortality of 

largemouth bass resulting from scented plastic worms, non-

scented plastic worms, Carolina-rigged plastic worms, Texas-

rigged plastic worms, and shiners. The next objective was 

to determine if hooking mortality was contingent upon any of 

these angling methods and if there was any differences 

between samples caught with scented lures as opposed to non-

scented lures, Carolina-rigs as opposed to Texas-rigs, and 

artificial lures as opposed to live bait. The respective 

null hypotheses associated with this objective are as 

follows: 

(1) Hooking mortality is not contingent upon any of the 

investigated angling methods. 

(2) Hooking mortality is not contingent upon the 

utilization of scented worms compared to non-

scented worms. 

(3) Hooking mortality is not contingent upon the 

utilization of Carolina-rigged worms compared to 

Texas-rigged worms. 

(4) Hooking mortality is not contingent upon the 

utilization of live bait compared to the 

artificial baits under investigation in this 

study. 

The next objective was to quantify the percentage of anglers 
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utilizing the methods under investigation to catch 

largemouth bass at Lake Ray Roberts, Texas during the summer 

of 1995. An additional objective was to identify any 

factors that affect hooking mortality of largemouth bass 

besides angling method. Potential factors include fish 

size, hooking location, water temperature, and depth of 

retrieval. Null hypotheses for these factors are: 

(1) Hooking mortality is not contingent upon fish size. 

(2) Hooking mortality is not contingent upon depth of 

retrieval. 

(3) Hooking mortality is not contingent upon hooking 

location. 

(4) Hooking mortality is not contingent upon water 

temperature. 

MATERIALS AND METHODS 

Three 1.8 m3 holding cages, constructed from 1.27 cm 

mesh hardware cloth, were located in Du Bois Creek of Lake 

Ray Roberts north of the 922 bridge. On June 1, 1995 

angling began. Artificial worms were "red shad" in color 

and 17.78 cm in length, regardless of scented/non-scented 

characteristics. Bullet weights (14.2 gm and 12.4 gm) were 

used for Carolina-rigged worms and Texas-rigged worms, 

respectively. Hooks used in all angling events were 3/0 in 

size. The amount of line between swivel and hook for all 

Carolina-rigged plastic lures was exactly 76.2 cm. Fishing 
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rods were 2.1 m in length coupled with baitcasting reels. 

All fish were caught with the same type of rods and reels 

(except for six of the shiner caught fish). 

A systematic and continuous cycle of the angling 

methods was utilized to obtain samples of largemouth bass 

that had been caught using each artificial fishing 

techniques. An example sequence is explained on Table 1. 

The sample of fish caught with golden shiners were 

obtained periodically throughout the span of the study 

dictated by availability. All fish of the study caught with 

artificial lures (170) and 16 of the fish caught with 

shiners were captured by the author, while six shiner-caught 

fish were obtained by other anglers. After each fish was 

caught, the hook was immediately removed with hemostats no 

matter where the hook was embedded. Mass to the nearest 

ounce (28.35 g), length to nearest 0.25 inches (0.635 cm), 

location of hooking injury, location on lake, type of 

angling method, water temperature to nearest degree 

Fahrenheit, time, and approximate depth of retrieval to 

nearest foot (30.48 cm) were recorded. Values were 

converted to metric units before statistical analyses 

whenever appropriate. Each fish was marked with 12.7 cm 

Floy cinch up spaghetti tag for identification and placed in 

an aerated live well. No more than three fish were in the 

live well at any one time. 

Fish were placed into one of the holding cages for at 
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least a 72-hour observation period (Hysmith et al. 1992) to 

assess delayed mortality. The holding cage was checked 

every day of angling until the end of the study. This was 

done to document subsequent mortality and discard dead fish. 

A sample of six largemouth bass caught by 

electroshocking were used as reference fish to determine if 

the holding cages induced enough stress to cause mortality. 

They were weighed, measured, tagged and placed in the 

holding net as if they had been caught via one of the 

angling methods. 

A creel survey was performed similarly to those 

conducted by the Texas Parks and Wildlife Department. The 

author interviewed incoming anglers at each of the six boat 

ramps on Lake Ray Roberts. Each boat ramp was visited twice 

(morning and evening). The author surveyed Buck Creek 

Access and Sanger Access three times because these are the 

two busiest ramps on either arm of the lake (morning, 

afternoon, and evening). Morning surveys were from 900 

hours to 1300 hours, afternoon surveys extend from 1300 

hours to 1700 hours, and evening surveys lasted from 1700 

hours to 2100 hours. Days throughout the study span were 

selected so that the weekend days and week days conformed to 

an approximate 55:44 ratio as dictated by Texas Parks and 

Wildlife Department. When interviewing, the following 

information was obtained: hours fished, number of anglers, 

species caught, distance from home, number of trips in a 30-
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day time period, opinion on quality of fishing for the day, 

number of fish caught, lures used, length of each fish, and 

weight of each fish (or approximate average weight and 

length). A sample creel survey form Texas Parks and 

Wildlife Department is contained in the Appendix. 

Data Analysis 

Percentages of fish mortality was calculated for each 

angling method. Contingency tests (Chi-square; Log 

likelihood G test), generated by Statistical Analysis System 

(SAS 1990), were used to determine if hooking mortality of 

largemouth bass was significantly dependent upon any of the 

angling methods. An alpha level of 0.05 was used to make 

statistical determinations. In some analyses, if 

significance was gained by contingency tests of many groups, 

pairwise contingency comparisons were utilized to reveal 

which groups were different from each other. Due to the 

increased probability of committing an alpha error with 

repeated pairwise contingency tests, alpha control was 

exerted: controlled alpha level = original alpha level/ 

number of pairwise comparisons, e.g., if the number of 

pairwise comparisons was 10, then the original alpha level 

(0.05) is divided by 10 to generate a controlled alpha level 

of 0.005. 

In addition, 95% confidence intervals were calculated 

for the proportions of the fish dying from various samples 

to further explain differences between methods as they 
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relate to hooking mortality. Confidence intervals were 

generated in one of two ways (Motulusky 1995). If the 

sample of fish was 30 or less, the intervals were taken 

directly from a table with the utilization of the proportion 

in fractional from. If the sample of fish was greater than 

30, the following equation was used to calculate the 95% 

confidence intervals: 95% CI = p - 1.96 [p(l-p)/N]°-5 to p + 

1.96 [p(l-p)/N]°-6. Confidence interval is symbolized by 

"CI", while "p" refers to the proportion of dying fish in a 

sample. The resultant confidence intervals are to be 

interpreted such that the author is 95% sure that the true 

population proportion of dying fish falls within the 

respective interval. 

Concerning the creel survey, percent of successful 

angling parties who used one of the selected angling methods 

was generated as well as percentage of successful angling 

parties using any method mentioned by interviewed fishers. 

When exploring the factors influencing hooking 

mortality (weight, length, hooking location, and water 

temperature), variables were plotted against chronological 

time (when possible) as an exploratory data analysis to 

observe possible trends. The range of values recorded for 

each variable were then broken into five groups. Frequency 

data concerning mortality was then analyzed again by 

contingency tables (Chi-square and Log Likelihood G tests) 

to determine if hooking mortality was dependent upon any of 
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these factors or different among levels of the factor. 

RESULTS 

Angling between June 1 and November 24, 1995 produced a 

total of 192 bass. Of those, 150 lived while 42 died within 

the observation period resulting in a 21.87% total hooking 

mortality and 78.13% survival. All $ix reference largemouth 

bass lived. Sample sizes for largemouth bass caught with 

Carolina-rigged scented lures (CR-S), Carolina-rigged non-

scented lures (CR-NS), Texas-rigged $cented lures (TR-S), 

Texas-rigged non-scented lures (TR-NS), and shiners (SHN) 

were 43, 40, 42, 45, and 22 respectively. 

It was found that the number of ilargemouth bass dying 

(Table 2) is significantly contingent; upon angling method 

(Chi-Square contingency test, p = 0.0j05). However, pairwise 

contingency analyses reveal that, out̂  of the ten possible 

comparisons between methods, the only; groups reflecting a 

statistically significant difference (when alpha level is 

dropped to 0.005) are the Carolina-ringed non-scented sample 

and the Texas-rigged scented sample ((Chi-Square contingency 

test, p = 0.002). Visual inspection pf the 95% confidence 

intervals (Figure 3) shows that the proportion of dying 

largemouth bass caught with Texas-rigged scented lures is 

indeed higher than the proportion of jfish dying that were 

caught with the Carolina-rigged non-scented lures. 

Furthermore, Figure 3 shows that the proportion of dying 
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fish caught with Texas-rigged scented plastics is somewhat 

higher than proportions of dying fish resulting from all 

other angling methods. 

When comparing the sample of 85 fish caught with 

scented lures and the sample of 85 fish caught with non-

scented lures, hooking mortality was significantly 

contingent upon the use of scented lures (Chi-Square 

contingency test, p = .004). However, when comparing the 83 

fish caught on Carolina-rigs and the 87 fish caught on 

Texas-rigs, a statistical difference was not found 

concerning hooking mortality (Chi-Square contingency test, p 

= 0.101). Nor was significance found when comparing hooking 

mortalities of the 170 fish caught using artificial lures 

with the 22 fish caught with live bait (Chi-Square 

contingency test, p = 0.123). The 95% confidence intervals 

on the proportions of fish that died using scented lures, 

non-scented lures, Texas-rigs, Carolina-rigs, artificial 

lures and live bait are presented in Figure 4. 

The results of the creel survey pertinent to this study 

are given on Table 3. (The appendix gives total results of 

the entire creel survey.) Of all successful lures mentioned 

by anglers, a cumulative 34.47% successful usage was 

generated with the lures investigated in this study. 

When fish mass, length, depth of retrieval, and water 

temperature were initially explored relative to mortality 

(individual graphical plot against chronological time), 



13 

water temperature was the only factor in which trends were 

identified. Of all the various factors recorded for each 

captured fish (weight, length, depth of retrieval, hooking 

location and water temperature), hooking location and water 

temperature were the only variables that had a confirmed 

relationship with hooking mortality when tested via 

contingency analysis. 

Fish mass ranged from 113.4 g to 1984.5 g with a mean 

of 626.8 g. The sample was divided into five groups: fish 

less than 400 g, fish between 400 g and 800 g, fish between 

800 g and 1200 g, fish between 1200 g and 1600 g, and fish 

of mass more than 1600 g. When these five groups were 

investigated, hooking mortality was not significantly 

dependent upon fish weight (Chi-Square Contingency test, p = 

0.458). 

Fish length ranged from 22.9 cm to 50.8 cm with mean 

length of 36.3 cm. The sample was again divided into five 

groups: fish less than 26 cm, fish between 26 cm and 32 cm, 

fish between 32 cm and 38 cm, fish between 38 cm and 44 cm, 

and fish of length greater than 44 cm. Chi-Square 

Contingency analysis revealed that hooking mortality was not 

significantly dependent upon fish length (p = 0.276). 

Fish were caught from water depths ranging from 30.5 cm 

to 762.0 cm. The mean depth of retrieval was 195.9 cm. The 

sample of caught fish was once again divided into five 

groups: fish caught in less than 150 cm, fish caught between 
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150 cm and 300 cm, fish caught between 300 cm and 450 cm, 

fish caught between 450 cm and 600 cm, and fish caught in 

depths greater than 600 cm. Hooking mortality was not 

significantly contingent upon depth of retrieval (Chi-Sguare 

Contingency test, p = 0.381). 

Hooks were found only to embed in nine different 

locations of the bass. Table 4 reveals hooking location as 

compared to hooking mortality. The number of largemouth 

bass dying was significantly contingent upon the hook 

location (Log likelihood G Test, p < 0.001). See Figure 5 

for graphical display of the 95% confidence intervals around 

the proportions of fish that died relative to hook location. 

When comparing hooking location to angling method, however, 

log likelihood G contingency analysis shows that hooking 

location was not dependent upon method used (p = 0.095). 

Water temperatures also had an effect on hooking 

mortality. Water temperature ranged from 13 °C to almost 34 

°C during the study. After plotting mortality in a 

temperature versus chronological time scenario, the sample 

of fish caught was broken down into five groups: fish caught 

when water temperature was less than 18 °C, fish caught 

between 18 °C and 22 °C, fish caught between 22 °C and 26 °c, 

fish caught between 26 °C and 30 °C, and fish caught in 

water temperatures greater than 30 °C. Log likelihood G 

test revealed that hooking mortality was indeed contingent 

upon water temperature (p < 0.001). Further pairwise 
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contingency testing showed that the three groups containing 

fish caught in water temperatures less than 26 °C endured 

significantly less mortality than the group of fish caught 

in water greater than 30 °C when alpha control was conducted 

(Log likelihood G test, p < 0.005). See Figure 6 for 95% 

confidence intervals on the proportions of fish that died in 

these various water temperature groupings. 

DISCUSSION 

Quantifying Hooking Mortality 

The first objective of this study, to quantify hooking 

mortality resulting from the various angling methods, was 

achieved. Mortality percentages for the different baits 

ranged from 9.09% to 40.48%. Although these might seem 

high to the reader, before catch-and-release regulations 

were implemented, angler induced mortality was close to 100% 

(Sasser 1995). Also, the selected methods of this study are 

considered the most "lethal" forms due to the possibility of 

deep hooking a largemouth bass. Still, the overall 

mortality was only 21.87%. Because similar studies (Sasser 

1995, Rutledge and Pritchard 1977) have been performed 

concerning different baits and lures and resulted in 18.33% 

and 38% total mortalities respectively, the resultant total 

mortality percentage of this study is not considered 

excessive. Furthermore, almost 79% of the largemouth bass, 

nearly four out of five, survived the hooking event in this 
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study. 

Other techniques of bass angling, such as spinnerbaits 

and crankbaits, are expected to result in lower hooking 

mortalities on Lake Ray Roberts because of factors including 

the smaller hook gap, design, and size of such lures. 

Although hooking mortality is a negative consequence of 

fishing, the benefits of angling are believed to far 

outweigh this unfortunate phenomenon. 

Every largemouth bass (except for six of the fish 

caught with shiners) was caught by the author. Individual 

anglers, no doubt, fish somewhat differently. Therefore, 

hooking mortality resulting from different anglers is 

expected to be a source of variation. 

Although the largemouth bass caught with artificial 

lures (Carolina-rigs, Texas-rigs, scented lures, and non-

scented lures) were obtained in a routine systematic fashion 

throughout the study, angling with shiners was dictated by 

their availability. Therefore and unfortunately, there was 

a time interval from June 30, 1995 until November 10, 1995 

in which no largemouth bass were caught with shiners even 

though angling began June 1, 1995 and ended November 24, 

1995. Limited availability of shiners and a lower sample of 

shiner-caught bass combine to weaken this angling category 

relative to the other four methods. 

Comparing Selected Methods 

The next objective was to statistically test for 
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contingency of hooking mortality on the various methods. 

Part of this objective was also to compare scented lures and 

non-scented lures, Carolina-rigs and Texas-rigs, as well as 

artificial lures and live bait. Surprisingly, the only 

method that warrants concern as a result of this analysis 

was the Texas-rig scented method. The use of scented lures 

results in greater hooking mortality than non-scented lures 

(see results section). However, this significance was 

gained as a result of the higher proportions of fish dying 

from the Texas-rig scented sample since the Carolina-rig 

scented sample did not result in significantly higher 

hooking mortality when compared to the other methods. 

Therefore, the author cannot positively confirm that scented 

lures result in greater hooking mortality all the time. 

Further research is needed to investigate this issue. 

The statistical similarity between Carolina-rigs and 

Texas-rigs as well as between artificial lures and live bait 

in reference to hooking mortality suggests little need for 

further attention to these latter angling methods by fishery 

managers. 

Creel Survey 

Although 14.89% of the anglers admitted to having 

success with the Texas-rig scented lures (the only lure that 

warrants concern from previous analysis), this is still a 

relatively small percentage. If so few anglers are having 

success with this method, it follows that hooking mortality 
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of largemouth bass resulting from this technique is not as 

severe as originally conceived. Excluding the Texas-rig 

scented sample, the four other selected methods of 

investigation (CR-S, CR-NS, TR-NS, and shiners) made up 

19.58% (in total) of the angler usage. Although the methods 

other than the Texas-rig scented method do not warrant 

concern since high proportions of the surviving fish caught 

with such lures exist, this small percent usage further 

decreases the need for management of these techniques. 

Most of the bass anglers interviewed utilized 

crankbaits and spinnerbaits (28.51% cumulatively). As 

already mentioned, the four artificial lures investigated in 

this study are considered the most lethal due to the 

possibility of deep hooking a fish in locations such as the 

gill. All other artificial lures mentioned by interviewed 

anglers are designed in such a way where deep hooking should 

be minimal. Furthermore, six artificial lures designed for 

bass angling, besides those specifically investigated in 

this study, were mentioned by anglers and make up 42.97% of 

the list. These include buzzbaits, crankbaits, 

spinnerbaits, topwater lures, jig and pigs, and soft 

jerkbaits. The nine lures or baits not included in this 

percentage are either designed for species other than 

largemouth bass or are minimally used and represent 22.56% 

of successful angler usage. This list includes all live 

shiners (except when used for bass angling) and live worm 
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methods as well as slab and stinkbait angling methods. 

Identifying Factors Influencing Hooking Mortality 

The last objective was to identify any variables that 

may play a role in hooking mortality besides angling method. 

Numerous studies have been performed concerning the factors 

affecting hooking mortality on gamefish (Wertheimer 1988, 

Feathers and Knable 1983, Dotson 1982). The factors 

investigated in this study include fish mass, fish length, 

depth of retrieval, hooking location, and water temperature. 

Of these, only two variables had a confirmed effect on 

hooking mortality: hooking location and water temperature. 

Since hooking mortality did not appear to be contingent upon 

fish mass or fish length, no further investigation of 

variables was conducted. However, fish size (weight and 

length) relates to the condition of the fish and, therefore, 

most likely has an unseen effect on hooking mortality. 

Depth of retrieval was not seen to influence mortality 

either. Actual fishing locations on the lake were biased to 

those locations in which the author thought fish were. 

Therefore, most fish (151) were caught in depths less than 3 

m. Studies specifically designed to analyze depth of 

retrieval may yield different results. 

Experience of the author is such that survival is small 

if the largemouth bass is hooked either in the gill arch or 

the gullet. However, these two locations only comprised 

12.5% of the sample. Also, it was originally conceived that 
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fish caught with hooks embedded in lethal hooking locations 

was significantly dependent upon angling method. This 

notion is not supported by this data (Log Likelihood G 

contingency test, p = 0.095). Although deep hooking usually 

kills fish, none of the investigated angling methods 

resulted in deep hooking of largemouth bass in significant 

freguencies. 

The relationship of hooking mortality with water 

temperature is somewhat intuitive. As water temperature 

increases the proportion of fish succumbing to hooking 

mortality increases (Muoneke 1992). High water temperatures 

apparently act as an added stressor to largemouth bass and, 

consequently, more fish die at higher temperatures. 

Furthermore, this study found that larger proportions of 

bass die as a result of hooking when the water temperature 

is approximately 30 °C (@ 86 °F) or higher than when water 

temperature is below this threshold (see results). When the 

water temperature climbs to these stressful temperatures, it 

is during the hottest part of the summer. It intuitively 

follows that few anglers will endure the summer's high 

temperatures; consequently, hooking mortality endured by the 

largemouth bass is not likely to be a major factor when 

temperature is high. 

Further Investigation 

Further investigation of hooking mortality in 

largemouth bass is recommended. One need is to simply 
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quantify hooking mortality for all the various lures 

mentioned by anglers during the creel survey. Another 

research need is to design a study in which caught fish 

could be placed back into the original environment instead 

of into holding pins. (Holding pens may introduce more 

stress to the fish which may increase the mortality 

percentages.) A further study might be to perform the same 

study but, instead of removing hooks from deeply hooked 

fish, cut the line (allowing fish to retain the hook) to see 

if mortality decreases. 

CONCLUSIONS 

This study was designed to investigate several 

controversial methods of bass angling as they relate to 

hooking mortality. Four original null hypotheses were 

proposed for testing: 

(1) Hooking mortality is not contingent upon any of the 

investigated angling methods. 

(2) Hooking mortality is not contingent upon the 

utilization of scented worms compared to non-

scented worms. 

(3) Hooking mortality is not contingent upon the 

utilization of Carolina-rigged plastic worms 

compared to Texas-rigged plastic worms. 

(4) Hooking mortality is not contingent upon the 

utilization of live baits compared to the 
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artificial baits under investigation in this 

study. 

Null hypothesis (1) was rejected since contingency analysis 

revealed hooking mortality to be dependent upon method. 

Further investigation showed the Texas-rigged scented sample 

to induce more hooking mortality than the other lures. Null 

hypothesis (2) was also rejected. However, since this 

conclusion was gained utilizing entire the sample of fish 

caught with scented lures (Carolina-rigs and Texas-rigs) and 

since the Carolina-rigged scented lure was not shown to 

result in significantly more hooking mortality compared to 

the other groups, the author is not confident that scented 

lures, in general, result in greater hooking mortality than 

non-scented lures. Null hypotheses (3) and (4) were 

accepted. 

Furthermore, since the Texas-rig scented technique 

contributed heavily to hooking mortality and resulted in the 

highest mortality percentage (40.48%), this lure might 

concern fishery managers. However, one should note that the 

percentage of anglers having success with the lures under 

study, including the Texas-rig scented lure, is relatively 

small. Hence, hooking mortality exerted on the bass 

population by these methods would also logically be small. 

In conclusion, some largemouth bass at Lake Ray Roberts 

undoubtedly succumb to hooking mortality in certain 

situations. However, cumulative hooking mortality resulting 
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from the selected lures used this study (21.87%) was not 

excessive in comparison to past studies (Sasser 1995, 

Rutledge and Pritchard 1977). 
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Sequence Lure Used 

#1 Texas-rigged scented worm 

#2 Texas-rigged non-scented worm 

#3 Carolina-rigged scented worm 

#4 Carolina-rigged non-scented worm 

#5 Same as for #1 

Table 1 - Systematic cycle of angling methods used in study. 

CR-S CR-NS TR-S TR-NS SHN Total 

dead 11 4 17 8 2 42 

percentage 25.58 10.00 40.48 17.77 9.0 21.9 

lived 32 36 25 37 20 150 

N= 43 40 42 45 22 192 

Table 2 - Hooking mortality of largemouth bass by bait type. 

CR-S = Carolina-rig scented, CR-NS = Carolina-rig 

non-scented, TR-S = Texas-rig scented, TR-NS = 

Texas-rig non-scented, SHN = golden shiners. 
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Lure 

Number of Successful 

Angling Parties 

Successful 

Usage 

Texas-rig scented 35 14.89 

Texas-rig non-scented 22 9.36 

Carolina-rig scented 10 4.26 

Carolina-rig non-scented 2 0.85 

Shiners for largemouth bass 12 5.11 

Shiners for non-bass species 40 17.02 

Shiners for whitebass 2 0.85 

Buzzbait 13 5.53 

Spinnerbait 29 12.34 

Crankbait 38 16.17 

Topwater 11 4.68 

Jig and pig 6 2.55 

Soft jerkbait 4 1.70 

Jigs for crappie 2 0.85 

Night crawlers for bluegill 1 0.43 

Night crawlers for catfish 2 0.85 

Night crawlers for 1. bass 1 0.43 

Slab 1 0.43 

Cheesebait or stinkbait 4 1.70 

Total 235 100.00% 

Table 3 - Creel survey results for Lake Ray Roberts, TX (1995) 
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Hooking Location Dead % Lived Total 

Gill arch 8 61. .5 5 13 

Left lip 3 6. ,3 45 48 

Right lip 5 7. ,9 58 63 

Roof of mouth 3 13, .6 19 22 

Gullet 16 80. .0 4 20 

Belly (foul hooked) 0 0. .0 2 2 

Center of lower lip 5 55, .5 4 9 

Center of top lip 2 16, .7 10 12 

Tongue 0 0. ,0 3 3 

Table 4 - Hooking locations, mortality and survival, of fish 

caught during study. Largemouth bass were observed 

for at least three days following catch. 
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weight swivel hook glass bead 

76.2 cm plastic lure 

Figure 1. Carolina-rig plastic lure. 

weight hook 

CI 

plastic lure 

Figure 2. Texas-rig plastic lure, 
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Figure 3. Mortality of largemouth bass versus bait type. 

Each bar shows the 95% confidence interval 

around the proportion of fish that died, and () 

indicates sample size. TR-S = Texas-rig 

scented, CR-S = Carolina-rig scented, TR-NS = 

Texas-rig non-scented, CR-NS = Carolina-rig 

non-scented. 
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Figure 4. Mortality of largemouth bass versus 

angling technique. Each bar shows the 95% 

confidence interval around the proportion 

of fish that died, and () indicates sample 

size. S = scented, NS = non-scented, TR = 

Texas-rig, CR = Carolina rig, A = 

artificial lures, SHN = golden shiners. 
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Figure 5. Mortality versus hooking location. Each bar 

shows the 95% confidence interval around the 

proportion of fish that died hooked in various 

locations, and () indicates sample size. 

Letters symbolize the following: A = 

gullet, B = gill arch, C = center of lower lip, 

D = belly (foul hooked), E = tongue, F = center 

of top lip, G = roof of mouth, H = right lip, 

and I = left lip. 
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Figure 6. Mortality versus water temperature (°C). Each 

bar shows the 95% confidence interval around 

the proportions of fish that died in various 

temperatures, and () indicates sample size. 
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Data from creel survey. 

Each item on list represents a new angling party. 

() indicates number of anglers. 

Time = time of the interview. 

Hrs. fished = total number of hours the angling party 

spent fishing the interview day. 

Species caught = fish species actually caught by anglers. 

Dist. = Distance anglers traveled to fish (miles). 

Trip/30-d = how many trips anglers made to Lake Ray 

Roberts in a 30 day time interval. 

Rate = Angler's rate of the day's fishing (very good, 

good, average, poor, very poor). 

# fish caught = how many fish the anglers caught. 

Wt = approximate mean fish mass (lbs). 

Len= approximate mean fish length (inches). 

(The author did not measure fish mass or length.) 

Hrs. species dist. trips/ #fish 

Time fished caught from home 30-d Rate caught Wt Len 

Sanger Access, 7-13-95 (morning session) 

930 (2) 3.5 bass 15 2 poor 1 1.0 12 

1000 (2) 6 bass 40 1 poor 3 1.6 13.6 

1010 (2) 2.5 bass 20 1 average 4 1.7 14.3 

1100 (2) 2 catfish 80 4 very poor 0 

1230 (3) 6 bass 50 5 average 4 1.0 12 

Buck Creek Access, 7-22-95 (morning session) 

1000 (3) 3 bass 45 3 poor 2 2.0 14 

1005 (1) 4 bass 45 4 average 6 1.8 14.6 

1010 (2) 3 bass 40 4 poor 0 
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Creel survey results continued. 

1015 (2) 4.5 bass 25 4 very poor 1 1.0 12 

1020 (2) 3.5 bass 50 1 poor 2 2.4 15.8 

1023 (3) 12 crappie 50 2 poor 12 0.8 12 

1025 (1) 6.5 bass 85 4 poor 10 1.5 13.1 

1030 (1) 4 bass 40 6 poor 1 0.8 8 

1040 (2) 5 bass 25 5 poor 3 1.0 14.5 

1050 (2) 3 bass 6 4 poor 0 

1055 (2) 3 bass 20 2 very poor 1 1.0 12 

1100 (1) 21 bass 80 10 good 25 2.5 16 

1105 (2) 5 crappie 80 1 average 16 0.8 11 

1115 (2) 4.5 bass 40 3 poor 2 2.5 15 

1117 (1) 4 bass 35 4 average 3 2.8 16.3 

crappie 10 0.8 10 

1120 (1) 17 bass 35 5 good 8 2.0 16 

crappie 6 0.8 10 

catfish 6 1.0 12 

1130 (3) 4.5 bass 70 3 poor 9 1.7 14.4 

1137 (2) 5 bass 1 30 very poor 0 

1150 (1) 6 bass 40 4 poor 2 0.9 12.5 

1155 (2) 6 bass 50 2 very poor 5 0.5 10 

1200 (2) 4 bass 7 1 poor 3 4.0 18 

1210 (3) 5 bass 50 3 poor 1 1.0 10 

1215 (2) 6 crappie 7 20 very good 100 1.0 11 

1220 (2) 6 bass 50 1 very poor 0 

1225 (3) 4 bluegill 60 15 poor 12 0.4 6 

1230 (2) 6 bass 45 3 average 3 1.5 16 

1235 (3) 6 bass 50 8 good 30 3.0 16 

1245 (2) 6 bass 15 8 average 3 1.7 15.5 

catfish 2 2.0 18 

1255 (4) 2 crappie 50 4 poor 3 0.5 6 

Pond Access, 7-25-95 (evening session) 

1815 (2) 5 bass 50 3 average 4 0.8 10.5 

1900 (2) 1.5 crappie 20 6 average 3 0.8 11 

2000 (2) 1 crappie 30 20 very poor 0 
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Creel survey results continued. 

2035 (2) 13.5 bass 45 2 good 20 2.5 16 

crappie 40 0.8 10 

catfish 1 0.8 10 

2045 (2) 7 bass 5 20 average 8 4.1 16.8 

crappie 12 0.8 10 

Jordan Park Access, 8-2-95 (norning session) 

950 (2) 4 bass 50 1 average 7 1.1 12.4 

1030 (2) 2.5 crappie 2 3 good 15 1.0 12 

1100 (2) 4 bass 3 25 good 15 1.6 15.1 

1140 (3) 5 bass 70 2 poor 4 0.7 8 

1230 (1) 6 bass 50 8 average 6 2.8 16.8 

1245 (1) 5 bass 22 10 average 17 2.6 16.5 

Sanger Access, 8-3-95 (afternoon session) 

1300 (2) 3 bass 45 2 very poor 3 1.5 15 

1310 (2) 5 bass 45 2 good 1 1.0 12 

1530 (2) 4.5 bass 30 10 average 12 1.6 14.3 

Pecan Creek Access, 8-6-85 (evening session) 

1745 (3) 10 crappie 10 7 poor 8 1.0 12 

1800 (2) 3.5 crappie 50 3 average 12 0.8 11 

1800 (2) 2 catfish 40 3 very poor 3 2.0 16 

1900 (1) 7 bass 45 6 average 5 1.5 16.4 

1910 (4) 4 bass 65 2 very poor 0 

1945 (2) 10 bass L30 2 poor 5 1.5 14 

sandbass 20 1.5 14 

1955 (2) 2.5 bass 10 3 poor 0 

2005 (2) 5 catfish 15 5 poor 15 0.5 8 

2015 (2) 1.5 crappie 20 5 very poor 0 

2030 (3) 2 bass 50 2 poor 1 0.5 8 

catfish 1 1.0 12 

2045 (3) 2 bass 12 12 poor 1 2.5 14 

2050 (1) 2 sandbass 40 12 very good 25 0.8 12 

2055 (2) 6 bass 4 25 average 9 3.0 16 

State Park, 8-26-95 (norning session) 

920 (2) 3 bass 80 3 poor 1 1.0 14 
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Creel survey results continued. 

940 (2) 2 bass 20 15 poor 6 2.3 15.6 

1020 (2) 4 bass 40 8 very poor 0 

1025 (2) 14 crappie 50 7 poor 7 1.0 12.6 

1030 (2) 6.5 bass 30 12 average 12 1.0 12 

1035 (3) 10 bass 120 1 very poor 0 

1105 (3) 4.5 bass 65 1 average 5 1.5 15 

1110 (2) 4.5 bass 650 1 good 6 2.0 16 

1115 (2) 3 bass 40 1 poor 4 0.8 10 

1130 (2) 5.5 bass 60 1 poor 5 1.2 14.4 

1145 (2) 5 bass 30 3 average 4 1.5 14 

1150 (2) 5 bass 60 1 poor 3 1.5 14 

1150 (2) 6 bass 90 1 poor 0 

1200 (1) 7 bass 20 15 poor 25 1.1 12.4 

1230 (3) 7 bass 40 7 poor 1 2.0 14 

1235 (2) 5 sandbass 55 1 very poor 4 1.0 12.5 

1240 (2) 7.5 sandbass 75 1 poor 10 1.0 12 

catfish 2 1.3 14 

Pecan Creek Access, 9-10-95 (norninq session) 

940 (1) 2.5 bass 40 3 good 6 1.5 14 

1005 (2) 12 bass 60 2 very poor 0 

1045 (1) 5 bass 30 5 good 6 1.9 15.3 

1050 (2) 6 bass 30 6 very poor 2 1.5 14 

1100 (2) 4 bass 75 1 average 5 2.0 16 

sandbass 45 0.8 10 

1105 (1) 2 bass 30 4 poor 5 0.5 6 

1105 (1) 4 crappie 15 1 average 6 0.8 10 

1110 (2) 5.5 bass 35 8 average 10 1.0 12 

1115 (4) 5 bass 40 4 poor 2 3.0 16 

1125 (3) 4 crappie 7 20 good 15 0.8 10 

1200 (2) 5 crappie 60 3 poor 6 0.8 9 

1205 (1) 3.5 bass 50 10 good 7 3.0 18 

1240 (1) 4 bass 15 20 good 1 3.0 17.8 

Pond Access , 9-12-95 (lorninq session) 

915 (4) 2 crappie 60 8 poor 10 0.8 10 
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Creel survey results continued. 

1200 (2) 5 crappie 60 6 average 15 1.0 11 

1235 (2) 6 sandbass 10 3 average 20 0.8 10 

Buck Creek Access 9-24-95 (afternoon session) 

1307 (2) 6 bass 60 10 average 12 2.4 17.8 

1312 (2) 5 bass 20 1 average 6 1.5 14 

1315 (2) 5 bass 50 1 poor 2 1.3 11 

1320 (1) 5.5 crappie 200 10 average 20 0.8 12 

1325 (2) 7 crappie 40 4 average 30 0.8 12 

1335 (2) 5.5 bass 30 8 very poor 2 1.8 15 

1340 (2) 6 bass 30 20 average 12 0.8 10 

1345 (2) 5 bass 45 8 poor 11 1.5 14 

crappie 9 1.0 13 

1350 (2) 7 bass 45 6 poor 2 1.3 13 

1400 (5) .5 crappie 2 30 good 30 2.5 14 

1405 (2) 4 crappie 450 1 average 5 0.8 12 

1420 (3) 4.5 crappie 90 1 poor 7 0.8 11 

1440 (1) 5 crappie 30 8 poor 10 0.8 10 

1450 (2) 3 bass 25 6 poor 3 1.5 14 

1455 (2) 8 bass 50 3 poor 15 2.5 16 

1500 (1) 7 bass 15 3 average 6 1.0 12 

1515 (2) 8 bass 40 1 good 35 1.0 14 

1525 (2) 8 bass 60 4 good 7 1.5 14 

1530 (2) 8 bass 65 1 poor 4 2.5 16 

1540 (2) 2 bass 55 1 poor 0 

1545 (2) 4 bass 60 5 good 3 1.3 14 

1550 (1) 10 bass 60 6 average 8 2.0 18.4 

1610 (1) 6 bass 45 4 average 2 1.5 14 

1620 (2) 4 bass 60 3 average 2 0.5 8 

catfish 2 1.0 12 

1640 (2) 5 bass 30 2 very poor 0 

1645 (2) 8 bass 60 2 poor 5 1.3 14 

1655 (2) 6 crappie 60 6 average 11 0.8 11 

Sanger Access, 9-31-95 (evening session) 

1710 (3) 3 bass 15 4 average 5 2.0 16 
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Creel survey results continued. 

1745 (2) 11 bass 60 2 good 12 1.4 14.8 

1750 (3) 3 crappie 15 2 poor 1 1.0 10 

1800 (2) 10 bass 50 1 average 12 1.0 14 

sandbass 5 0.8 10 

crappie 1 0.8 10 

1830 (2) .5 bass 50 1 very poor 0 

1915 (2) 11 bass 43 4 poor 1 1.0 14 

crappie 5 0.8 10 

1940 (3) 2 crappie 20 1 good 1 0.8 10 

bass 2 1.0 14 

2005 (2) 3 bass 50 3 poor 3 1.2 13.3 

2010 (2) 6 bass 40 5 good 15 1.0 12 

2020 (2) 4 bass 5 2 good 8 1.0 12.9 

2030 (2) 13 bass 75 4 good 6 1.0 13 

2035 (1) 2 bass 5 1 average 10 1.5 13 

2055 (1) 4 bass 60 1 good 0 

Jordan Park Access , 10-22-95 (evening) 

1740 (2) 10 bass 60 1 poor 6 1.3 14.5 

1810 (2) 8 catfish 60 5 good 40 1.5 14 

1925 (4) 3 crappie 60 2 poor 2 0.5 10 

1935 (2) 4 bass 50 4 poor 1 1.5 14 

1945 (2) 11 bass 20 6 poor 10 1.5 15 

2025 (1) 4.5 bass 55 10 very poor 1 0.3 4 

sandbass 1 2.0 15 

Buck Creek Access, 10-26-95 (evening session) 

1710 (3) 1 catfish 30 4 poor 0 

1715 (2) 7 crappie 75 2 poor 5 1.0 14 

1720 (2) 6 catfish 50 2 good 30 1.0 14 

1735 (2) 8 bass 45 2 poor 8 0.8 10 

crappie 22 0.8 8 

1740 (2) 8.5 bass 160 10 poor 12 2.0 16 

1750 (2) 9 bass 120 8 very poor 8 0.8 13 

1830 (2) 6.5 bass 35 20 poor 9 0.8 12 

1845 (2) 2 crappie 15 6 poor 2 1.1 12 
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Creel survey results continued. 

1850 4) 4 catfish 3 15 good 50 2.0 14 

1900 2) 10.5 bass 160 1 poor 12 2.0 16 

1930 4) 8 bass 2000 1 good 18 1.5 15 

1950 2) 11.5 bass 122 1 average 15 2.5 16 

2005 1) 9 bass 27 8 poor 9 0.7 10.5 

2010 1) 5 bass 55 4 very poor 1 1.5 15 

2015 2) 4.5 bass 30 2 very poor 3 0.8 13 

2030 2) 2.5 bass 20 10 poor 0 

2035 1) 2.5 bass 50 1 average 2 4.3 19 

State Park 10-28-95 (evening session) 

1700 2) 7 bass 25 4 average 5 0.8 14 

1705 1) 4 crappie 60 3 poor 4 0.8 11 

1720 2) 7 crappie 60 2 poor 8 0.5 8 

1730 2) 5 crappie 75 2 poor 7 0.8 9 

1750 1) 8 bass 7 12 poor 3 1.5 14 

1755 1) 6 bass 45 4 poor 1 3.5 19 

1800 2) 4 bass 5 5 average 7 1.0 14 

1805 1) 3 bass 275 2 average 1 2.0 16 

1815 3) 10 catfish 75 4 poor 25 1.0 13 

1820 2) 3 bass 35 1 average 3 1.0 13 

1835 2) 6 bass 60 4 poor 8 1.5 15 

1900 2) 4 bass 8 5 very poor 1 2.0 16 

1905 2) 8 bass 35 3 poor 3 1.0 13 

1910 3) 4 bass 30 3 poor 2 1.0 14 

1910 1) 4 bass 70 15 poor 4 2.0 16 

1940 2) 5 bass 150 2 poor 4 2.3 16 

1945 2) 8.5 bass 160 1 average 6 2.0 15 

1950 2) 4 bass 35 2 good 15 2.0 12 

1950 2) 6 bass 8 5 average 4 0.8 12 

1955 1) 8 bass 160 1 poor 2 1.8 14 

2000 3) 2.5 bass 15 2 poor 3 0.8 13 

2005 2) 3 crappie 10 8 poor 12 0.3 10 

2010 1) 4 bass 15 6 very poor 3 0.3 12 

2015 2) 5 bass 75 5 poor 5 1.5 15 



Creel survey results continued. 

2020 (3) 3 bass 15 8 very good 4 3.5 17.3 

2025 (2) 4 bass 15 4 poor 2 1.3 11 

2045 (2) 5 crappie 30 1 very poor 0 
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