
Turbidity interferes with foraging success of visual but not
chemosensory predators
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Predation can significantly affect prey populations and communities, but predator effects
can be attenuated when abiotic conditions interfere with foraging activities. In estuarine
communities, turbidity can affect species richness and abundance and is changing in many
areas because of coastal development. Many fish species are less efficient foragers in
turbid waters, and previous research revealed that in elevated turbidity, fish are less
abundant whereas crabs and shrimp are more abundant. We hypothesized that turbidity
altered predatory interactions in estuaries by interfering with visually-foraging predators
and prey but not with organisms relying on chemoreception. We measured the effects of
turbidity on the predation rates of two model predators: a visual predator (pinfish, Lagodon
rhomboides) and a chemosensory predator (blue crabs, Callinectes sapidus) in clear and
turbid water (0 and ~100 nephelometric turbidity units). Feeding assays were conducted
with two prey items, mud crabs (Panopeus spp.) that rely heavily on chemoreception to
detect predators, and brown shrimp (Farfantepenaus aztecus) that use both chemical and
visual cues for predator detection. Because turbidity reduced pinfish foraging on both mud
crabs and shrimp, the changes in predation rates are likely driven by turbidity attenuating
fish foraging ability and not by affecting prey vulnerability to fish consumers. Blue crab
foraging was unaffected by turbidity, and blue crabs were able to successfully consume
nearly all mud crab and shrimp prey. Turbidity can influence predator-prey interactions by
reducing the feeding efficiency of visual predators, providing a competitive advantage to
chemosensory predators, and altering top-down control in food webs.
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11 ABSTRACT

12 Predation can significantly affect prey populations and communities, but predator effects can be 

13 attenuated when abiotic conditions interfere with foraging activities. In estuarine communities, 

14 turbidity can affect species richness and abundance and is changing in many areas because of coastal 

15 development. Many fish species are less efficient foragers in turbid waters, and previous research 

16 revealed that in elevated turbidity, fish are less abundant whereas crabs and shrimp are more abundant. 

17 We hypothesized that turbidity altered predatory interactions in estuaries by interfering with visually-

18 foraging predators and prey but not with organisms relying on chemoreception. We measured the 

19 effects of turbidity on the predation rates of two model predators: a visual predator (pinfish, Lagodon 

20 rhomboides) and a chemosensory predator (blue crabs, Callinectes sapidus) in clear and turbid water (0 

21 and ~100 nephelometric turbidity units). Feeding assays were conducted with two prey items, mud 

22 crabs (Panopeus spp.) that rely heavily on chemoreception to detect predators, and brown shrimp 

23 (Farfantepenaus aztecus) that use both chemical and visual cues for predator detection. Because 

24 turbidity reduced pinfish foraging on both mud crabs and shrimp, the changes in predation rates are 

25 likely driven by turbidity attenuating fish foraging ability and not by affecting prey vulnerability to fish 

26 consumers. Blue crab foraging was unaffected by turbidity, and blue crabs were able to successfully 

27 consume nearly all mud crab and shrimp prey. Turbidity can influence predator-prey interactions by 

28 reducing the feeding efficiency of visual predators, providing a competitive advantage to 

29 chemosensory predators, and altering top-down control in food webs. 

30

31

32

33 INTRODUCTION
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34 Predators may affect prey populations and communities through both lethal (e.g,, consumption) 

35 and nonlethal effects (e.g., changes in prey behavior, (Trussell, Ewanchuk & Bertness, 2003; Preisser, 

36 Bolnick & Benard, 2005; Webster & Weissburg, 2009; Weissburg, Smee & Ferner, 2014). These 

37 effects can cascade through communities by causing changes in behavior, density, and distributions of 

38 multiple trophic levels (Sih et al., 1985; Sih, Englund & Wooster, 1998; Menge, 2000; Werner & 

39 Peacor, 2003). The outcomes of predatory interactions are largely influenced by the ability of predators 

40 and prey to detect and respond to one another (Powers & Kittinger, 2002; Weissburg, Smee & Ferner, 

41 2014). Perceiving a potential consumer or prey item before being detected offers a perceptive 

42 advantage that influences which organism will prevail in a given encounter (Powers & Kittinger, 2002; 

43 Smee, Ferner & Weissburg, 2010).  When predators possess a sensory advantage over prey, lethal 

44 effects should be prevalent as predators should more often prevail in a given encounter. Likewise, prey 

45 can successfully avoid predators when they have a sensory advantage over predators and can detect and 

46 avoid them before being consumed. In these situations, nonlethal effects are likely to be prevalent. 

47 Detection of potential predators and/or prey can be strongly affected by environmental 

48 variables that alter the sensory abilities of both predators and prey (Powers & Kittinger, 2002; Smee & 

49 Weissburg, 2006; Smee, Ferner & Weissburg, 2010). Predation may increase when the environment 

50 enhances predator detection of prey and/or compromises the ability of prey to detect and avoid 

51 consumers (Weissburg & Zimmer-faust, 1993; Ferner, Smee & Weissburg, 2009; Robinson, Smee & 

52 Trussell, 2011). Alternatively, environmental conditions may attenuate predation by interfering with 

53 predator foraging or enhancing prey avoidance ability (Smee, Ferner & Weissburg, 2010). In situations 

54 where both predators and prey are affected by the same environmental conditions, and these conditions 

55 minimize the sensory abilities of both species, top-down forcing is likely to decline and the effects of 

56 predators on prey populations may shift from a combination of lethal and nonlethal effects to 

57 exclusively lethal effects as encounters become random (van de Meutter, de Meester & Stoks, 2005). 
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58 Understanding how environmental variables influence sensory abilities of predators and prey will yield 

59 insights into mechanisms that influence the nature and strength of predator effects (Weissburg, Smee & 

60 Ferner, 2014).

61 In freshwater systems, turbidity as low as 20 nephelometric turbidity units (NTU), a measure of 

62 light penetration, can diminish visual acuity and decrease prey capture success and competitive 

63 interactions (Hazelton & Grossman, 2009). This decrease in predator efficiency may make turbidity a 

64 predation refuge from predators which are predominantly visual (DeRobertis et al., 2003; Engström-

65 Öst, Öst & Yli-Renko, 2009). In contrast, turbidity would not likely interfere with foragers that are 

66 predominantly chemosensory and might actually increase predation if it compromised a prey’s ability 

67 to avoid predators or caused an increase in abundance of primarily chemosensory predators through 

68 mesopredator release (Ritchie & Johnson, 2009; Lunt & Smee, 2014). 

69 Turbidity can influence the outcomes of predator-prey interactions in both freshwater and 

70 marine systems by altering perceptive ability (Minello, Zimmerman & Martinez, 1987; DeRobertis et 

71 al., 2003; Sweka & Hartman, 2003; Webster et al., 2007; Ohata et al., 2011). The effects of turbidity on 

72 the outcomes of predatory interactions may depend upon the extent to which the affected organism can 

73 use other sensory modalities to offset reductions in vision in turbid environments (Minello, 

74 Zimmerman & Martinez, 1987; Abrahams & Kattenfeld, 1997; DeRobertis et al., 2003; Radke & 

75 Gaupisch, 2005). Previously, the abundance of fish and crabs was found to be significantly affected by 

76 turbidity with fish being more abundant in low turbidity areas and crabs in high turbidity (Lunt & 

77 Smee, 2014). These changes in predator type altered predation efficiency: fish predation decreased 

78 with increasing turbidity whereas crab predation increased with increasing turbidity (Lunt & Smee, 

79 2014). We hypothesized that turbidity influences predator-prey interactions by offering a perceptive 

80 advantage to non-visual species and alleviating predation pressure by fish on them. To test this 

81 hypothesis, the predation efficiency of a visual predator (pinfish, Lagodon rhomboides; Luczkovich 
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82 1988) and a chemosensory predator (blue crabs, Callinectes sapidus; Keller et al. 2003) foraging on 

83 brown shrimp, (Farfantepenaus aztecus) or mud crabs (Panopeus spp.) in both low (0 NTU) and high 

84 (100 NTU) turbidity was tested in mesocosms. Shrimp use both visual and chemosensory cues to 

85 detect predators (Minello, Zimmerman & Martinez, 1987), while mud crabs use chemosensory mean of 

86 risk detection (Grabowski & Kimbro, 2005; Hill & Weissburg, 2013). Pinfish and blue crabs were 

87 chosen because they are the most abundant fish and crab species collected by Texas Parks and Wildlife 

88 Department and their abundances were affected by turbidity in an analysis of a 18 year data set from 

89 Texas Parks and Wildlife Department (Lunt & Smee, 2014). 

90 MATERIALS AND METHODS

91 Mesocosms

92 The study was conducted in outdoor mesocosms at Texas A&M University – Corpus Christi. 

93 The mesocosms consisted of 16 opaque, polyethylene tanks with lids. Tank lids had small windows 

94 covered with Vexar mesh to allow light into the tank while preventing species from escaping. Each 

95 tank contained 68 L of artificially created seawater at a depth of ~ 0.75 m, salinity of 20 ppt, and an 

96 AqueonTM aquarium filter and Oceanic®250 gallon per hour aquarium pump. The filter and pump were 

97 used to aid in water circulation and to keep sediments suspended in the turbidity treatments. Turbid 

98 treatments were created by adding 235 mL of finely ground kaolinite clay to the tanks with stirring 

99 prior to addition of animals. Kaolinite is an inert clay successfully used in previous turbidity research 

100 to mimic turbidity caused by suspended sediments (Minello, Zimmerman & Martinez, 1987). 

101 Sediments were not provided in the experimental tanks as sediment can affect predation efficiency 

102 (Minello, Zimmerman & Martinez, 1987). Pumps were used in both clear and turbid treatments. 

103 The model food web consisted of two predators foraging on one of two prey species. Predators 

104 used were pinfish (L. rhomboides; 125-188 mm total length) and blue crabs (C. sapidus; 100-130 mm 

105 carapace width), which forage using visual and chemosensory cues respectively. Both predator species 
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106 are abundant and were collected locally. A chemosensory (mud crabs, Panopeus spp.; 10-15 mm), and 

107 visual and chemosensory (brown shrimp, F. aztecus; 70-100 mm) prey species were used to investigate 

108 the effect of turbidity on both predators and prey. All organisms were used within 24 hours of 

109 collection and in only a single trial before being returned to the site of collection (except for the prey 

110 consumed during the trials; TAMUCC IACUC 07-07).

111 Feeding Assays

112 Mesocosm experiments were set up in a 4x2 factorial design with 4 predator treatments and 2 

113 turbidity levels. Predator treatments included: no predator control, blue crab (2 crabs), pinfish (2 fish) 

114 and mix (1 fish and 1 crab), and these treatments were performed in low (0 NTU) and high (100 NTU) 

115 turbidity levels. We elected to use 100 NTU as our turbid treatment because this value was often 

116 recorded in turbid field sites and was easier to maintain than lower levels of turbidity. Predator and 

117 turbidity treatments were interspersed. In the mesocoms, either 8 mud crabs or 4 brown shrimp were 

118 added as prey, but not both simultaneously. Predators were allowed to forage on prey for 72 hr. At the 

119 end of each trial, the number of prey eaten was recorded. No blue crabs or pin fish perished during the 

120 study. 

121 Analysis

122 Differences in the number of eaten prey between predator and turbidity treatments were 

123 analyzed using a 2-way ANOVA with predator and turbidity treatments as fixed factors (Sokal & 

124 Rohlf, 1995). Pairwise differences of all possible predator and turbidity combinations were compared 

125 using a simple main effects test (Kirk, 1982). 

126 RESULTS

127 Predation on mud crabs was affected by both the predator type (F7, 45 =130.4, p < 0.0001) and 

128 by turbidity (F7,45 = 4.94, p = 0.03). The interaction between turbidity and predator type was not 
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129 significant (F7, 45 0.73, p = 0.54). When blue crabs were present, all mud crabs were eaten in clear 

130 water and nearly all in the turbid treatment. Pairwise differences between treatments revealed that 

131 turbidity had a significant effect on pinfish foraging, but not in the other treatments (Figure 1). 

132 Similarly, the number of shrimp consumed was affected by predator type (F7,57 = 164.4, p < 0.001) and 

133 turbidity (F7,57 = 7.32, p < 0.001). The interaction term was not significant (F7,57 = 1.91, p = 0.14). Blue 

134 crabs consumed all shrimp in clear water and nearly all in turbid water. Pairwise differences between 

135 treatments revealed that turbidity had a significant effect on pinfish foraging, but not in the other 

136 treatments (Figure 2). 

137

138 DISCUSSION

139 Visual acuity in freshwater and marine fishes can be compromised by turbidity, reducing their 

140 foraging efficiency (Minello, Zimmerman & Martinez, 1987; Macia, Abrantes & Paula, 2003; Aksnes 

141 et al., 2004; Aksnes, 2007). Turbidity can influence both predation rates and the type of predator effect 

142 (lethal vs. nonlethal) (Abrahams & Kattenfeld, 1997; van de Meutter, de Meester & Stoks, 2005). For 

143 example, Atlantic Cod (Gadus morhua) reacted more slowly to predatory threats and took longer to 

144 forage on mysid shrimp as turbidity increased (Meager et al., 2005). Yet, turbidity may interact with 

145 other factors such as substrate complexity, sediment type, and prey density to influence the outcome of 

146 predator-prey interactions (Minello, Zimmerman & Martinez, 1987; Macia, Abrantes & Paula, 2003) . 

147 For example, thorn fish (Terapon jarbua) predation on white shrimp (Penaeus indicus) declined as 

148 turbidity increased, but, thorn fish predation on brown shrimp (Metapenaeus monoceros) was 

149 influenced by sediment and prey density in addition to turbidity so that predation was highest at 

150 intermediate turbidity levels (Macia, Abrantes & Paula, 2003). The effects of turbidity on foraging by 

151 three predatory fish: southern flounder (Paralichthys lethostigma), pinfish, and Atlantic croaker 
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152 (Micropogonias undulatus) preying upon brown shrimp provided with different substrates produced 

153 variable results (Minello, Zimmerman & Martinez, 1987). Their findings indicated that turbidity 

154 decreased flounder predation, increased croaker predation, and both increased and decreased pinfish 

155 predation depending upon substrate type. To focus solely on the effects of turbidity on pinfish and blue 

156 crabs, we elected not to use substrate in our experiments. Consistent with earlier studies, we found that 

157 turbidity inhibited pinfish predation on both mud crabs and brown shrimp.

158 Turbidity, particularly at the levels used in this study, clearly interferes with light penetration 

159 and the foraging ability of visual predators, but it is unlikely to inhibit other sensory modalities (Eiane 

160 et al., 1999; Ohata et al., 2011). Thus, organisms that forage by tactile cues or chemoreception are 

161 likely to be unaffected by turbidity, and may gain a competitive advantage in turbid waters over 

162 competitors than forage using visual cues (Eiane et al., 1999). Blue crabs were unaffected by turbidity, 

163 and consumed nearly all mud crabs and shrimp in all treatments in which they were present. In 

164 Norwegian fjords, jellyfish abundance is highest when light penetration is lowest. This is attributed to 

165 fishes being unable to effectively forage and acquire enough energy to maintain their populations while 

166 jellyfish, as tactile foragers, were unaffected by turbidity (Eiane et al., 1999). 

167 When turbidity alters the abundance or effectiveness of predators, cascading effects in aquatic 

168 food webs occur. The abundance of fish and their foraging rates decline in turbid environments (Eiane 

169 et al., 1999; Aksnes et al., 2004; Lunt & Smee, 2014). Eiane et al. (1999) and Aksnes et al. (2004) both 

170 noted changes in zooplankton communities in turbid environments and attributed this to alterations in 

171 predation by fish. In the Gulf of Mexico, turbidity was found to switch food webs from being 

172 dominated by fish to being dominated by crabs (Lunt & Smee, 2014). In this area, fish predation on 

173 crabs was reduced when turbidity exceeded 30 NTU in the field, and both mud crabs and shrimp were 

174 more abundant on oyster reefs when turbidity was above 30 NTU (Lunt & Smee, 2014). 
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175 We tested the hypothesis that turbidity reduces fish ability to forage, thereby releasing lower 

176 trophic levels from top-down control (Lunt & Smee, 2014). Pinfish were less successful consumers in 

177 high turbidity and consumed significantly fewer crab and shrimp prey in these conditions. These results 

178 mirror previous studies using freshwater organisms in which predation by visual predators declined in 

179 elevated turbidity (DeRobertis et al., 2003; Sørnes & Aksnes, 2004; Engström-Öst, Öst & Yli-Renko, 

180 2009). Reduced consumption in turbid treatments by pinfish is likely a result of their reliance on vision 

181 to forage. Mud crabs likely have a sensory advantage in turbid conditions, escaping detection by 

182 pinfish by being able to detect fish exudates to avoid them. Brown shrimp are more active in turbid 

183 treatments, but, were not more vulnerable to pinfish predation in turbid conditions in our study, 

184 perhaps because they can also use chemical cues to detect and avoid pinfish.

185 Blue crabs are known to be voracious predators, and effectively consumed all prey items in 

186 both clear and turbid treatments. Even in mixed assemblages with one blue crab and one pin fish, 

187 predation rates were consistently above 80%, even in turbid treatments when fish foraging was 

188 compromised. Crabs forage primarily through chemoreception, which would not be affected by 

189 increased turbidity at the levels used in this study (Eiane et al., 1999; Ohata et al., 2011). Blue crabs are 

190 also a prey species to many fish and bird species and may seek out turbidity as a refuge from these 

191 consumers (DeRobertis et al., 2003; Engström-Öst, Öst & Yli-Renko, 2009), thereby increasing their 

192 abundance in high turbidity sites (Lunt & Smee, 2014). The effects of turbidity on foraging efficiency 

193 of visual predators but not chemosensory predators helps explain the reduction in fish and increase in 

194 crab abundance when turbidity increases (Lunt & Smee, 2014).

195 When apex predators are removed or lost, intermediate or mesopredators can proliferate and 

196 decimate lower trophic levels (reviewed by Ritchie and Johnson 2009). An increase in mesopredator 

197 abundance may also increase nonlethal effects on lower trophic levels, because predator exudates 

198 accumulate and are abnormally elevated. For example, juvenile oysters grow thicker shells when crabs 
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199 are abundant and/or when crab predation is high (Johnson & Smee, 2012, 2014; Johnson, Grabowski & 

200 Smee, 2014), such as in elevated turbidity (Lunt & Smee, 2014). Changes in growth could also affect 

201 the structure of oyster reefs as juvenile oysters tend to grow wider and flatter in response to mud crab 

202 predators and likely lowers oyster fecundity (Robinson et al., 2014). 

203 Collapse of coastal systems as a result of mesopredator release is known to result from 

204 overfishing (Jackson et al., 2001; Myers et al., 2007). For example, excessive harvesting has removed 

205 many shark species allowing ray species to proliferate and decimate their bivalve prey (Myers et al., 

206 2007). However, results from our study and others (e.g., Eiane et al. 1999; Aksnes et al. 2004) indicate 

207 that environmental variables can mimic the effects of overfishing by attenuating the effects of 

208 predators, potentially causing widespread changes to coastal communities (e.g., Eiane et al. 1999; 

209 Aksnes et al. 2004; Aksnes 2007). In this scenario, increased turbidity decreases the foraging efficiency 

210 of visual predators, which occupy higher trophic levels, freeing mesopredators from top-down control. 

211 Because estuarine mesopredators such as crabs typically forage via chemoreception, they are able to 

212 readily consume oysters and other basal trophic levels in turbid conditions and overexploit these 

213 resources. 

214

215
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321 Figure 1 Mean number (+SE) of mud crabs eaten (+SE) in turbid and clear treatments. Turbidity (p < 

322 0.05) and predator treatment (p< 0.001) were significant factors in a two-way ANOVA. The interaction 

323 term was not significant (p=0.54). Letters denote significant pairwise differences. 
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327 Figure 2 Mean number (+SE) of brown shrimp eaten in turbid and clear treatments. Turbidity (p < 

328 0.01) and predator treatment (p< 0.001) were significant factors in a two-way ANOVA. The interaction 

329 term was not significant (p=0.14). Letters denote significant pairwise differences.
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