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Abstract 13 

A group of 38 brook trout were fed a commercial trout diet containing a free choice 14 

assortment of plastic lures over a 90 day period.  The growth of the fish was 15 

recorded and compared to a control group.  Brook trout readily ate the soft plastic 16 

lures from the water’s surface as well as the tank bottom.  At the conclusion of the 17 

experiment the lures were recovered from the stomachs of 63% of the test fish 18 

stomachs.  Several fish stomachs contained multiple lures.  12.5% of the fish had 19 

consumed more than 10% of their body mass in soft plastic lures.  Fish that 20 

consumed soft plastic lures lost significant weight during the study, had a 21 

significant decreased in body condition factor, and began displaying anorexic 22 

behaviors. 23 
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1.   Introduction 24 

1.1 Anecdotal history and literature searches.   25 

Soft plastic lures are very popular among many angler groups including anglers targeting 26 

black basses, freshwater perches, crappies, and even salmonids.  Soft plastic lures are 27 

made in a variety of sizes, colors, shapes, scents, and degrees of biodegradatability are 28 

regularly observed littering the bottoms of Maine’s lakes and ponds, particularly those 29 

supporting bass fisheries.  This has become an increasing concern for the management 30 

of eastern brook trout (Salvelinus fontinalis Mitchell 1814), brown trout (Salmo trutta 31 

Linnaeus 1758), landlocked Atlantic salmon (Salmo salar sebago Girard 1853) and lake 32 

trout (S. namaycush Walbaum 1792) because undigested aggregates of soft plastic lures 33 

have been found within the stomachs of these species.  Usually these baits appear to 34 

have been in the fish’s gastrointestinal tract for an extended time period and typically the 35 

baits appear to be fusing together to form a single mass rather than remaining separated 36 

(Figure 1).  In 2003, the stomachs of 56 lake trout harvested by winter anglers on Sebago 37 

Lake (Naples, Maine) were examined for content.  Twenty-five percent contained soft 38 

plastic lures (unpublished data, Francis Brautigam).  Increasingly frequent inquiries from 39 

Maine anglers regarding their observations of plastic lures in the stomachs of harvested 40 

salmonids and the associated potential health concerns have further elevated the level of 41 

concern associated with soft plastic lure litter.  Before a study was initiated, an initial 42 

literature search was conducted.  No scientific literature was found regarding soft plastic 43 

lures as foreign bodies or as environmental litter in either Pubmed or Aquatic Sciences 44 

and Fisheries Abstract databases.  Consequently, Maine Department of Inland Fisheries 45 

& Wildlife fishery biologists requested that the effects of these soft plastic lures on fish 46 

growth and condition factor be evaluated in a more controlled environment.  This 47 

research will add data to an apparent lacking body of scientific work evaluating the 48 

environmental impacts of plastics; in this case, the effects of ingested plastics on 49 

coldwater fishes. 50 

1.2 Advantages of plastic lures for fishing. 51 

Plastic fishing lures have many advantages; but also some potential disadvantages 52 

compared to live bait (Table 4).  They are readily manufactured into sizes, shapes, and 53 
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colors useful for catching a variety of species and fishes of different sizes.  Their use is 54 

more socially acceptable than impaling a live nematode, crustacean or small fish on a 55 

barbed hook.  The lures are disposable or can be disinfected to minimize the spread of 56 

aquatic invasive species and pathogens of aquatic organisms.  Several types of lures 57 

claim to be biodegradable, and some lures may be digestible.  Unfortunately, the least 58 

expensive lures also appear to be the least biodegradable and these lures may be 59 

contributing to the observed increasing benthic litter and hypothesized fish health 60 

problem.   61 

1.3 Composition of soft plastic fishing lures.  62 

The composition of the plastics makes them a dangerous pollutant to the environment.  63 

Plastics get their resiliency and flexibility from plasticizers, which include phthalates 64 

(Staples et al. 1997), chemicals known to cause several health problems. These 65 

problems are including but not limited to, tumors in rats from prolonged chronic exposure 66 

(Vossa et al. 2005), reduced sperm count and underdevelopment of the testes in male 67 

rats when exposed prenatally (Moore et al. 2001; Gray et al. 2005), contributing to the 68 

global decline of amphibians (Lee et al. 2005) , chemical imbalances in several tissues 69 

and organs including the liver (Bell 1982; Hinton et al. 1986), and affect human 70 

reproductive health (Lovekamp-Swan and Davis 2003).  A study conducted on the effects 71 

of phthalates on freshwater fish showed exposure to such chemicals altered the activity 72 

of liver and certain muscle enzymes, which could have more harmful effects on fish from 73 

prolonged exposure (Ghorpade et al. 2002).  These chemicals also have the ability to 74 

absorb in organic substances like sediments (Sha et al. 2007), so overall plastics are 75 

dangerous to the environment in both the solid waste and chemicals they carry. 76 

Several manufactures of plastic baits were contacted but as of the date of this publication 77 

have not responded with the composition of their fishing lures. 78 

1.4 Environmental impact of plastics.  79 

Several studies concerning plastics have shown harmful effects from exposure to 80 

improperly disposed of plastics (Staples et al. 1997).  These harmful effects range from 81 

affecting aquatic environments aesthetically to acute and chronic health effects upon 82 

terrestrial wildlife due to the potential to ingest pieces of plastic lures or be exposed to the 83 
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harmful chemicals within the plastics (Cashman et al.; Bell 1982; Derraik 2002; Islam and 84 

Tanaka 2004; Radomski et al. 2006; Barse et al. 2007). 85 

In a study conducted in Minnesota measuring the estimates of lost tackle for five walleye 86 

fisheries, researchers found an overall average tackle loss rate of 0.0127 pieces per hour 87 

for lures, and of the 8,068 boat anglers interviewed, 6,489 of them reported tackle loss 88 

(80%).   In another study interviewing shore anglers, this rate was higher at 0.23 lure and 89 

hook pieces lost per hour.  The loss of lures and associated fishing tackle greatly 90 

diminish the natural resource because of the unintentional morbidity and mortality to 91 

other aquatic, avian, and terrestrial animals.  Lost lures put fish and other wildlife at risk 92 

of injury or death as a result of entanglement or fishing tackle ingestion (Radomski et al. 93 

2006).  In a separate study conducted with seabirds, results showed the birds with 94 

ingested plastic ate less and lost weight as a result of the accumulation of plastic in the 95 

stomach (Derraik 2002). 96 

Plastics continue to be one of the most abundant sources for environmental pollution 97 

worldwide, particularly in aquatic ecosystems.  In beaches surveyed worldwide, almost all 98 

of them account for 70% of their pollution to be from some form of plastic debris.  These 99 

plastic remains are indestructible and many of them will eventually settle in the sediments 100 

of aquatic ecosystems, serving as a barrier for nutrient and gas transfer, which could 101 

seriously affect the normal functioning of the ecosystem and may alter the topographical 102 

and biological make-up of the sea floor (Islam and Tanaka 2004).  Drifting plastic debris 103 

also has the potential to spread harmful plants like algae by drifting them far from where 104 

they originate (Maso et al. 2003).  105 

1.5 Emesis in brook trout. 106 

There are no published reports indicating if brook trout are able to regurgitate or vomit; 107 

however, emesis has been experimentally documented in other Actinopterygii.  Jernejck  108 

(1969) used emetics to collect stomach contents in walleye (Sander vitreus Mitchell 109 

1818) and largemouth bass (Micropterus salmoides Lacepède 1802).  Tiersch and Griffith 110 

(1988) induced vomiting in rainbow trout (Oncorhynchus mykiss Walbaum 1792) with a 111 

60 mg kg-1 intraperitoneal injection of the dopamine receptor antagonist apomorphine 112 

hydrochloride (C17H17NO2
.HCl; CAS No. 41035-30-7).  Naitoh and Kitayama  (1992) 113 
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demonstrated emesis in other teleost fishes including Amur catfish (Silurus asotus 114 

Linnaeus 1758), striped eel catfish (Plotosus lineatus Thunberg 1787) and donko 115 

(Odontobutis obscura Temminck & Schlegel 1845) with apomorphine-HCl and copper 116 

sulfate (CuSO4; CAS  7758-98-7).  It is reasonable to infer that brook, brown, landlocked 117 

Atlantic salmon and lake trout possess the ability to vomit.  In each of these cited studies, 118 

however, it was concluded that fish were only able to vomit between 40% and 60% of 119 

their stomach contents.  Therefore, there may be conditions in which the size, shape or 120 

anatomical location of an ingested lure would prevent the fish from expelling it.  It is also 121 

likely that fishing tackle attached to ingested plastic lures would impact the fish’s ability to 122 

expel it. 123 

1.6 Impact of chronic retention of gastric foreign body. 124 

The chronic retention of a soft plastic fishing lure may have additional influences on the 125 

fish’s overall health and well-being.  The fusing amalgamates of plastic and/or vinyl in the 126 

stomachs of trout may be analogous to a gastric bezoar.  Natural gastric bezoars are 127 

found in fresh and marine fishes world-wide.  These bezoars are sold as talisman of good 128 

fortune and good health under common names like fish pearls, Mustika pearls, or fish 129 

bezoars.  Gastric bezoars have been found and studied in many other vertebrate 130 

species.  Usually bezoars are associated with malaise.  Gastric bezoars are among the 131 

etiologies of chronic childhood abdominal pain in humans that, when undiagnosed and 132 

untreated, may result in serious complications including: gastric ulceration, bleeding and 133 

perforation, intussusception, and small bowel obstruction (Lynch et al. 2003).  Human 134 

patients with chronic phytobezoars typically present with clinical symptoms including 135 

chronic burning epigastric pain, nausea and vomiting in addition to anorexia and weight 136 

loss (Hayes and Rotstein 1986).  Leary et al., (1984)  experimentally injected latex 137 

bezoars in rabbit’s stomachs and studied their impact on growth over six months 138 

eventually concluding that neither the latex bezoars nor the natural trichobezoars had a 139 

negative effect on the health or growth of the rabbits.  However, Gillett et al. (1983) found 140 

that trichobezoars were associated with chronic, partial, or complete gastric obstruction 141 

and inanition in mature laboratory rabbits.  In laboratory rabbits, clinical signs of 142 

trichobezoars included anorexia, decreased fecal output, weight loss, and depression.  143 
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Mook (2002) removed a large trichobezoar from the stomach of a clinically ill female 144 

rhesus monkey (Macaca mulatta Zimmerman 1780) reporting that gastric trichobezoars 145 

may lead to severe clinical illness, and should be considered in the differential diagnosis 146 

for anorexia and/or weight loss in any nonhuman primate.  A PubMed scientific literature 147 

search based on the single word “bezoar” returned 1,755 articles, none specific to fish.  148 

Aquatic Sciences and Fisheries Abstracts listed no articles for bezoars, fish pearls, 149 

Mustika pearls, or gastric foreign bodies. 150 

 151 

Literature on humans and terrestrial animals indicates gastric foreign bodies can result in 152 

abdominal discomfort and pain, ulcers, and obstructions.  Clinically, animals with gastric 153 

foreign bodies present with anorexia and weight loss.  If we accept that fish can detect or 154 

sense discomfort and pain, it is reasonable to infer from this published body of literature 155 

on terrestrial animals that changes in behavior and growth may result from chronic 156 

retention of plastic lures in fish as well (Chervova et al. 1994; Chervova and Lapshin 157 

2000; Machin 2001; Sneddon 2003; Sneddon et al. 2003; Wall 2003; Paukert et al. 158 

2004).  Table 2 provides a summary of the logical progression between the use of non 159 

biodegradable plastic fishing lures and the hypothesized effect on fish. 160 

1.7 Scientific Hypotheses. 161 

Scientific hypothesis : Consumption of soft plastic fishing lures has an effect on brook 162 

trout growth or condition factor over a 90 day period.  Variation in the brook trout sizes 163 

and condition factors are due to randomness or measurement error.  164 

2.  Method 165 

2.1 Study design..  166 

This experiment proposes probable inference from a specific case where 76 brook trout 167 

are fed trout feed mixed with or without plastic soft plastic fishing lures and their growth is 168 

measured (Table 3).  It can it be inferred that plastic soft plastic fishing lures would have 169 

a similar effect on brook trout growth in a natural environment.  Control group:  38 brook 170 

trout fed only trout food; experimental group:  38 brook trout fed trout food and soft 171 

plastic lures.  Independent variable ( � ): � 1: exposure to soft plastic lures in diet (LURE 172 
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DIET); � 2: no exposure to soft plastic lures in diet (CONTROL).  Dependent variables:  173 

Total length (TL) of brook trout measured in millimeters (mm), total body mass (TM) 174 

measured in grams (gr.), condition factor (K) calculated as: K = TM·TL-3, mass (gr.) of 175 

ingested lures (LM); hematocrit (HCT) level (%RBC), total plasma protein (TP) level (gr 176 

dL1), and blood glucose (GLU) level (mg dL-1). Statistical hypotheses  are each listed in 177 

Table 3 178 

2.2 Animal care and use. 179 

A peer review group composed of fisheries biologists, hatchery personnel, and 180 

academics reviewed this experiment prior to initiation and served as the Animal Care and 181 

Use Committee (ACUC) during the experiment.  The study was designed and carried out 182 

within the published guidelines for use of fish in research by the American Fisheries 183 

Society (AFS/AIFRB/ASIH 2004).  Sixty fish from each brook trout strain were tested and 184 

found to be negative for pathogens of regulatory concern in Maine prior to commencing 185 

the experiment according to fish health inspection procedures published by the American 186 

Fisheries Society procedures (USFWS and AFS-FHS 2004).  Subjects:  76 eastern brook 187 

trout (Salvelinus fontinalis Mitchell 1814) from two cultured strains were used during this 188 

experiment.  Kennebago strain brook trout represented a heterogeneous population of 189 

brook trout (Leary 1997; Short 2001); Maine hatchery strain brook trout represented a 190 

fast growing but very homogenous population of brook trout.  (There was no statistical 191 

difference in TM, TL, or K between the two fish groups at the experiment’s 192 

commencement.)  The fish were transported from the MDIF&W Palermo Fish Rearing 193 

Station, Palermo, Maine to Unity College, Unity, Maine in water-filled coolers.  An equal 194 

number of each strain was assigned to each experimental group.  Husbandry:   Fish 195 

were fed a 3 mm pelleted commercial salmonid feed (Corey Feeds, Fredericktown, New 196 

Brunswick, Canada).  Fish were kept in two 1m x 1m x .75m fiberglass tanks each 197 

receiving 100 lpm of recirculated filtered and ultraviolet light sterilized water kept at 9ºC.  198 

A 1 cm2 mesh net was placed over each tank after the first day because seven subjects 199 

jumped out of the tank and were found dead on the floor of the aquaculture laboratory.  200 

Data from these fish were removed from subsequent statistical analyses.  The fish 201 

received 12-hour light day-1 during the study.  The fish were fed 0.5% of their body weight 202 
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day-1.  Water quality in the aquaculture facility was monitored and recorded.   203 

Anesthesia:  Fish were anesthetized with tricaine methane sulfonate (MS-222 Argent 204 

Chemical Co., Redman, WA) following manufacturer suggested dosing for salmonid 205 

fishes and the level of anesthesia was monitored according to the scalar stages of 206 

anesthesia in fishes (Brown 1993).  Surgical procedures:  The fish were individually 207 

weighed (ES6R Ohaus Corporation, Pine Brook, NJ) and TL measured after stage II 208 

plane 2 level anesthesia and then looping tag with a unique number was inserted laterally 209 

transecting the supracarnalis muscles caudal to the dorsal fin with an initially sterilized 210 

trochar needle as directed by the manufacturer (Hallprint Tags, Inc., Australia).  The 211 

anesthesia and surgery was directly supervised by a licensed veterinarian.  The fish were 212 

alternately placed into either the control or treatment group and visually monitored during 213 

recovery from anesthesia. Growth measurement:  The fish were individually weighed 214 

and measured monthly after stage II plane 1 anesthesia with MS-222.  Fish were 215 

immediately returned to the study tanks for recovery after the weighing procedure.   216 

Euthanasia:  At the conclusion of the experiment the fish were euthanized with an 217 

overdose of MS-222 following American Veterinary Medical Society and American 218 

Association of Zoo Veterinarians suggested procedures and placed on wet ice for 219 

necropsy (AVMA 2001; AAZV 2007; Hartman 2007).  Necropsy:  All fish were dissected 220 

immediately after euthanasia and the individual masses of soft plastic lures in the 221 

gastrointestinal tracts were measured.  A whole blood sample was placed in a 222 

microhematocrit tube filling the tube approximately two-thirds full with anticoagulated 223 

blood.  The tube was sealed on one end with clay, and centrifuged for five minutes at 224 

14,000G.  The percentage of packed cells to total volume was determined by direct 225 

measurement (Stoskopf 1993).  A single drop of whole blood was placed on a test strip 226 

for an Accu-Chek Glucose Meter (Roche, Basel, Switzerland).  Two whole blood smears 227 

were made on glass slides (data not presented). Liver and stomach tissue samples were 228 

collected from each LURE DIET fish and five CONTROL fish for histology and placed in 229 

10% buffered formalin (data not presented). Hematoxin and Eosin (H&E) histology slides 230 

of the liver and stomach were prepared by a veterinary diagnostic laboratory (Aquatic 231 

Animal Health Laboratory, University of Maine, Orono, Maine).  The GI of each LURE 232 

DIET fish was excised from the coelomic cavity and incised.   Plastic lure(s) were 233 
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removed from the GI and placed in an individual whirlpac plastic bag (Nasco, Ft. 234 

Atkinson, WI) for each fish.  The bags were individually weighed.  The fish were each 235 

individually frozen in a separate gallon size Ziploc® brand bag (S.C. Johnson and Sons, 236 

Inc. Racine, WI). 237 

2.3 Statistical computations. 238 

Significance level:   A P-value of less than 0.05 was used to indicate statistical 239 

significance in all Normality tests and subsequent t-tests, Mann-Whitney U tests and 240 

Kruskal-Wallis ANOVA.  Decision rules:  Were developed for each test based on P<0.05 241 

and degrees of freedom for the statistical test.  Computations:   Each measure was 242 

independently evaluated.  For example, growth parameters were compared each month 243 

between groups and over the course of the experiment.  Decision:  The statistical Ho will 244 

be rejected for each measure independently. Power:   To maximize the power of the 245 

statistics used in this research project; we have incorporated these statistical techniques: 246 

increase the significance level to 0.05 for all statistical tests; maximize the sample sizes 247 

for each parameter, and design this experiment to use parametric tests when Normality 248 

assumptions are met. 249 

 250 

3.  Results 251 

3.1 Normality testing.  252 

Data from each dependent variable was Normality tested with a Shapiro-Wilk test.  253 

Histographs of the data were visually assessed along with calculated values for 254 

skewness and kurtosis to evaluate if the distributions deviated grossly from a bell-shaped 255 

Gaussian distribution.  A column in Table 5 indicates which dependent variables met the 256 

strict Normality assumptions.  Many of the dependent variables did not meet Normality 257 

assumptions; therefore, we agreed to present this data with more conservative non-258 

parametric statistics.  After reviewing the data we concluded that decisions about when to 259 

use parametric vs. nonparametric statistics should be made about entire data sets, rather 260 

than mix-and-match statistical analyses within this same data set.  261 
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3.2 Growth and condition factor. 262 

  Mann-Whitney U-tests were used to formally test for a difference between the medians 263 

of the two groups.  At the commencement of this experiment there were no TL, TM, or K 264 

differences between the two groups (Table 5).  After 30 days and exposure to four 265 

different types of soft plastic lures there was no significant difference between TL, TM, or 266 

K.  The TM measurement for Day 30 and Day 60 evaluations included the mass of any 267 

soft plastic lures retained within the gastrointestinal tract by the treatment group (� 1).  268 

There was no significant difference in TL, TM, or K at the Day 60 evaluation.  The final 269 

evaluation (Day 90) included both a gross TM and net TM after the soft plastic lure mass 270 

was removed from each fish and weighed.  There was a significant difference at Day 90 271 

in gross TM, net TM, and K; but not in TL.   Post Hoc analysis of TL data demonstrated 272 

that there was significant TL growth within the control group but not the treatment group.   273 

Figure 7 illustrates the change in median TL in each group during the experiment.  Figure 274 

8 illustrates the change in median TM in each group during the experiment. 275 

3.3 Ingestion of soft plastic lures.   276 

Overall, 63% of the fish in the lure diet group had at least one soft plastic lure in their 277 

stomach at the conclusion of this experiment.  47% of the fish had a single plastic lure, 278 

13% had two lures, and 3% had three or more lures.  Only one fish had a lure extending 279 

caudally into its intestine from the stomach.  In all the other fish, the soft plastic lures 280 

were retained within the gastric fundus.  One fish in the treatment group died during the 281 

experiment.  The fish had a single lure in its stomach.  The median mass of the soft 282 

plastic lure(s) recovered from the fish’s stomachs was 1.1 gr.  Three fish (12.5%) had 283 

more than 10 grams of soft plastic lures in their stomachs.  This accounted for more than 284 

10% of their total body mass.  Overall, soft plastic lures accounted for 1.1% of the 285 

affected fishes body mass.  There was no significant differences in TL, TM, K, GLU, TP, 286 

HCT between the 63% of fish in the treatment group with at least one lure in their 287 

stomach and the 37% of fish in that group that did not have a lure in their stomach. 288 
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4.  Discussion 289 

4.1 Scope of the study. 290 

After an initial database search for articles examining the effects of consuming soft plastic 291 

lures on the growth of fish was unsuccessful; this study was designed and executed to 292 

investigate this issue.    Plastics have been associated with a variety of toxicities in other 293 

vertebrates; however, their effect on fishes has not been well documented.  This study 294 

set out to examine the effects on growth over a three month period. 295 

4.2 Soft plastic lure consumption affects growth. 296 

The results of this short-term laboratory investigation suggest soft plastic soft plastic lures 297 

are voluntarily ingested by yearling brook trout, impairing growth and affecting behavior 298 

over a very short time frame.  Voluntary lure ingestion observed in this experiment is 299 

consistent with field observations by Maine Department of Inland Fisheries & Wildlife 300 

fishery biologists.  Where brook trout and other salmonids occur either naturally, or are 301 

stocked, and are managed for growth and survival to older age, study results suggest 302 

that plastic ingestion may impede attainment of growth and size expectations in the 303 

development of desirable sport fisheries.  Where “legal-size” trout are stocked to provide 304 

seasonal “put and take” fisheries of short duration, foraging on soft plastic soft plastic 305 

lures by newly stocked trout pose fewer potential adverse management implications.  306 

These legal-size trout are immediately vulnerable to harvest and experience less 307 

opportunity to forage prior to harvest.  However, if ingestion occurs soon after stocking 308 

and causes in behavioral changes, such as increased lethargy, and reduced frequency 309 

and duration of feeding, such changes could diminish angler catch rates associated with 310 

even these seasonal fisheries.   311 

Field observations by anglers and biologists of soft plastic soft plastic lures in salmonid 312 

stomachs are generally associated with fish much larger than those tested in this 313 

investigation.  These larger, older aged fish have greater opportunity (exposure time) to 314 

accumulate plastic baits and experience any associated adverse impacts over an 315 

extended period of time.  One 5-pound lake trout harvested from on Mousam Lake 316 

(Acton, Maine) during the winter of 2002 (unpublished data, Francis Brautigam) was 317 

found to contain 18 soft plastic lures or parts thereof.  Also, these older individuals may 318 
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represent important adult broodfish in self-sustaining wild populations.  Any diminishment 319 

in health and body condition could negatively influence fecundity and desired recruitment 320 

important to the maintenance of the fishery.   321 

4.3 Further investigation. 322 

Future investigations are warranted to provide additional information necessary to more 323 

fully assess the management implications associated with the continued legal practice of 324 

fishing with soft plastic lures.  A subsequent investigation should examine the effect of 325 

plastic ingestion on larger fall yearling stocked salmonids, and should monitor the effects 326 

over a much longer period of time.  Larger salmonids are routinely stocked in southern 327 

and coastal Maine, because larger fish appear to withstand higher levels of interspecific 328 

competition and predation.  Bass, perch, crappie, and salmonid fisheries, and associated 329 

use of soft plastic lures, are also most prevalent in the aforementioned region of Maine.  330 

Gonad development should be included as a monitoring parameter, as should an 331 

assessment of behavioral changes that could affect fish catchability by sport anglers.  A 332 

comparison of biodegradable plastic products and those not labeled as such should be 333 

investigated to determine if the rates of biodegradation in fish stomachs are different and 334 

whether the rate of decomposition associated with the biodegradable product reduces the 335 

apparent negative influence on fish growth and condition.  Available product information 336 

should be obtained from the manufacturers of biodegradable soft plastic lures to identify 337 

any completed research to assess environmental fate.  Input should be solicited from key 338 

angler organizations regarding the scope of a subsequent study to cultivate a vested 339 

interest in the study outcome, which may not reflect favorably on the continued use of 340 

some popular soft plastic lures commonly used by anglers.  341 
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5. Tables 350 

5.1 Advantages and disadvantages of soft plastic lures. 351 

Table 1  Table of Advantages and disadvantages of p lastic lure usage compared to live bait. 352 

 Soft plastic lures Live bait lures 

Advantages can be disinfected 

non-reproducing 

biodegradable 

natural food items 

Disadvantages not biodegradable (litter) 

pathogen vehicle if not disinfected 
ingestion hazard if indigestible 

 

pathogen vector 

species relocation 
genetic introgression with local 

population 

 353 

5.2  Logic sequence. 354 

Table 2  Underlying logical sequence of the effects  of lost or discarded plastic fishing lures when 355 
they are consumed by fish. 356 

 

Plastic lures lost by angler 
�  

Fish consume lost plastic lures 
  �                             

Gastric Retention of Lure  or  Emesis  
�  

Abdominal discomfort 
�  

Anorexia 
�  

Weight loss 
 

 357 
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5.3 Study design. 358 

Table 3 Study design, variables, statistics, assump tions, and power. 359 

  
Scientific hypothesis 

 
Consumption of indigestible soft plastic lures by trout may be influencing 
their growth in Maine waters. 
 

Study design Observational cohort study 
Subjects Brook trout Salvelinus fontinalis Mitchell 1814 (n=76). 

Strains Maine hatchery strain (n=38); Kennebago strain (n=38). 
Groups LURE DIET (� 1): fed diet of fish food and soft plastic lures. 

CONTROL (� 2): fed diet of fish food only. 
Statistical hypotheses Ho1: TM� 1-TM� 2=0; Body mass of the treatment group is not significantly 

different than the mass of the control group at any time period (Day 0, 
30, 60, or 90).  Ha1: Not Ho1. 

Ho2: TL� 1-TL� 2=0; Total body length of the treatment group is not 
significantly different than the length of the control group at any time 
period (Day 0, 30, 60, or 90).  Ha2: Not Ho2. 

Ho3: K� 1-K� 2=0; Condition factor of the treatment group is not significantly 
different than condition factor of the control group at any time period 
(Day 0, 30, 60, 90).  Ha3: Not Ho3. 

Ho4: HCT� 1-HCT� 2=0; Hematocrit of the treatment group is not significantly 
different than the hematocrit of the control group at experiment’s 
conclusion (Day 90).  Ha4: Not Ho4. 

Ho5: TP� 1-TP� 2=0; Plasma protein level of treatment group is not 
significantly different than the plasma protein level of the control 
group at the experiment’s conclusion (Day 90).  Ha5: Not Ho5. 

Ho6: GLU� 1-GLU� 2=0; Blood glucose level of the treatment group is not 
significantly different than the blood glucose level of the control group 
at the experiment’s conclusion (Day 90).  Ha6: Not Ho6. 

Independent variable Diet 
 

Dependent variable Total body length (TL), total body mass (TM), condition factor (K), lure 
mass (LM), hematocrit (HCT), total plasma protein (TP), blood glucose 
(GLU). 

Normality test Shapiro-Wilk (W) 
Statistical test Mann-Whitney U statistic 

Statistical assumptions Two independent samples collected from similarly shaped distributions 
measured on an ordinal or continuous scale. 

Significance level P<0.05 
Decision rules reject Ho when P<0.05 with df=1 
Computations Independently evaluated 

Post Hoc hypotheses Ho7: TLa1 (Day 0) – TLa1 (Day 90) = 0; Total body length of the treatment 
group at commencement (Day 0) is not significantly different than the 
total body length at the experiment’s conclusion (Day 90).  Ha7: Not 
Ho7. 

Ho8: TLa2 (Day 0) – TLa2  (Day 90) = 0; Total body length of the control 
group at commencement (Day 0) is not significantly different than the 
total body length at the experiment’s conclusion (Day 90).  Ha8: Not 
Ho8. 

Post Hoc analysis Wilcoxon Signed Ranks statistic (paired data) 
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 360 

5.3 Lures used.  361 

Table 4 Independent variable summary.  Lures used d uring experiment by week.  362 

 Week of experiment 
(No. of worms fed/No. worms recovered from tank); GI = No worms recovered at conclusion of experiment 

Wk Lure type 1 2 3 4 5 6 7 8 9 10 11 12 14 GI 
1 Zoom green lizard 7/2 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0 
2 Zoom brown lizard  6/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0 
3 Berkley brown worm   6/2 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0 
4 Kinami worm    8/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 6 
5 Kinami lobster     2/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 1 
6 Gulp red worm      5/0 0/0 0/5 0/0 0/0 0/0 0/0 0/0 0 
7 Zoom purple lizard       2/0 0/0 0/0 0/0 0/0 0/0 0/0 1 
8 Zoom l green lizard        2/0 0/0 0/0 0/0 0/0 0/0 0 
9 Zoom brown lizard         2/0 0/0 0/0 0/0 0/0 0 
10 Gulp red worm          2/0 0/0 0/0 0/0 5 
11 Zoom brown lizard           2/0 0/0 0/0 2 
12 Zoom green lizard            2/0 0/0 4 
14 Berkley brown worm             2/0 10 
                

 363 

5.4 Growth comparison table. 364 

Table 5. Dependent variable summary.  Median values  and 95% confidence interval of median in 365 
parenthesis.  A check in the N column indicates tha t the data was Normally distributed.  Overall 366 
since so many dependent variables didn’t meet the N ormality assumptions, it was decided to report 367 
the results with the more conservative non-parametr ic statistics. 368 

 Units Day N Lure diet Control 
Total length  

 
mm 

0 
30 
60 
90 

�  
�  
�  

n=38,  236 (225 to 243) 
n=38,  227 (224 to 240) 
n=37,  237 (230 to 247) 
n=38,  237 (227 to 248) 
 

n=38,  232 (227 to 239)  
n=31,  240 (230 to 245) 
n=31,  240 (233 to 248) 
n=31,  247 (240 to 251) 

Total mass  
 
gr 

0 
30 
60 
90 

 
 
 
 

n=38,  127 (118 to 150) 
n=38,  138 (114 to 152) 
n=38,  120 (104 to 140) 
n=38,  121 (104 to 132) 
 

n=38,  125 (118 to 152) 
n=31,  134 (118 to 150) 
n=31,  138 (127 to 150) 
n=31,  156 (140 to 178) 

Condition factor  
 
gr mm-

3 

0 
30 
60 
90 

�  
 
�  

n=38,  1.030 (0.929 to 1.147) 
n=38,  1.042 (0.945 to 1.158) 
n=38,  0.951 (0.873 to 0.998) 
n=38,  0.947 (0.902 to 0.997) 
 

n=38,  1.073 (0.923 to 1.167) 
n=31,  1.013 (0.929 to 1.114) 
n=31,  1.007 (0.917 to 1.071) 
n=31,  1.056 (0.987 to 1.135) 

Hematocrit % RBC 90  n=33,  27 (23 to 31) n=27,  35 (32 to 38) 
Total protein mg dl-1 90 �  n=30,  3.0 (2.6 to 3.4) n=26,  3.1 (2.7 to 3.9) 
Glucose mg dl-1 90  n=37,  91 (85 to 111) n=31,  295 (113 to 327) 
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 369 

5.5 End of experiment data. 370 

Table 6 Dependent variable summary.  Lure consumpti on. 371 

 Units Day  Lure diet Control 
Lures in GI  90  18 of 38 (47%) 1 lure 

  5 of 38 (13%) 2 lures 
  1 of 38 (  3%) 3+ lures 
Total: 24 of 38 (63%) 
 
Sorted by strain 
Kennebago: 15 of 18 (83%) 
Maine Hatchery: 9 of 20 (45%) 
 

 

Lure mass gr 90  1.140 (0.600 to 2.350)  
      
      

 372 
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Figures 373 

6.1 stomach contents from angled fish. 374 

 375 

Figure 1 Soft plastic lures recovered from stomach of a lake trout. Photo sent to Maine Department 376 
of Inland Fisheries & Wildlife by angler, Brian Bjo rklund. 377 
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6.2 distended abdomen.  378 

 379 

Figure 2. Brook trout with fed soft plastic fishing  lures showing abdominal distention immediately 380 
anterior to the pelvic fins. 381 
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6.3 excised stomach. 382 

 383 

Figure 3 Fish from Figure 2 with stomach excised. 384 
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6.4 fantastic lure consumption. 385 

 386 

Figure 4 Brook trout from Figure 2 and 3 after five  separate pieces of soft plastic lure were removed 387 
from its stomach.  The large lizard was fed to the fish during the first week of the experiment, the 388 
other lures were fed during subsequent weeks. 389 
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6.5 fantastic lure consumption. 390 

 391 

Figure 5 Brook trout and the two soft plastic fishi ng lures removed from its stomach.  The large 392 
salamander at the top of the image was fed to the b rook trout during the first week of the 393 
experiment.  Presumably that lure has remained in t he stomach for the full duration of the 394 
experiment.  The smaller lizard under the fish was fed during week 12. 395 
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6.6 Brook trout growth chart. 396 

Table 7 Median brook trout length at each measureme nt time. 397 

Median brook trout total length comparison over 90 days
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Brook trout growth chart (mass). 399 

Table 8 Median brook trout body mass comparison bet ween lure diet and control group.  Both 400 
groups initially grew but after about 30 days the l ure diet fish began to loose weight. 401 

Median brook trout total body mass comparison over 90 days
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