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Abstract

Understanding the phenotypic consequences of naturally occurring genetic changes, as well as
their impact on fitness, is fundamental to understanding how organisms adapt to an
environment. This is critical when genetic variants have pleiotropic effects, as determining how
each phenotype impacted by a gene contributes to fitness is essential to understand how and
why traits have evolved. A striking example of a pleiotropic gene contributing to trait evolution is
the oca2 gene, coding mutations in which underlie albinism and reductions of sleep in the blind
Mexican cavefish, Astyanax mexicanus. Here, we characterize the effects of mutations in the
oca2 gene on larval prey capture. We find that when conspecific surface fish with engineered
mutations in the oca2 allele are hunting, they use cave-like, wide angle strikes to capture prey.
However, unlike cavefish or surface fish in the dark, which rely on lateral line mediated hunting,
oca2 mutant surface fish use vision when striking at prey from wide angles. Finally, we find that
while oca2 mutant surface fish do not outcompete pigmented surface siblings in the dark,
pigmented fish outcompete albino fish in the light. This raises the possibility that albinism is
detrimental to larval feeding in a surface-like lighted environment, but does not have negative
consequences for fish in cave-like, dark environments. Together, these results demonstrate that
oca2 plays a role in larval feeding behavior in A. mexicanus. Further, they expand our

understanding of the pleiotropic phenotypic consequences of oca2 in cavefish evolution.
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1. Introduction

Identifying the genes and genetic changes that underlie trait evolution is central to
understanding how and why traits evolve. It is widely recognized that evolution utilizes only a
subset of the genes that underlie traits (Conte et al., 2012; Martin and Orgogozo, 2013; Stern,
2013). However, why some genes are repeatedly used by evolution while others are not is not
fully understood (Bolnick et al., 2018). Pleiotropy, or the phenomenon of a single genetic locus
impacting two or more phenotypic traits, has been proposed as one reason why evolution
utilizes some genes in favor of others (Fisher, 1930; Wright, 1929). Pleiotropic loci may be used
less frequently by evolution due to negative impacts of changes to one or more of the traits
influenced by the pleiotropic gene (Fisher, 1930; Orr, 2000; Otto, 2004; Wright, 1939).
Alternatively, pleiotropy could be a driver of evolution if altering a suite of traits results in positive
fithess consequences (Mackay and Anholt, 2024; Rennison and Peichel, 2022). Further,
pleiotropic genes may be utilized by evolution if the positive phenotypic benefits of altering one
trait exceed the negative or neutral consequences of altering other traits (Jeffery, 2005; Wright,
1929). These complexities make it critical to understand the phenotypic consequences of
genetic variation at pleiotropic loci, as well as how these loci contribute to the fitness of
organisms.

The Mexican cavefish, Astyanax mexicanus, has emerged as a leading model to study
the genetic basis of trait evolution. A. mexicanus is a freshwater species of teleost fish that
exists in a riverine surface form and a cave form that inhabits at least 35 caves in Northeastern
Mexico (Espinasa et al., 2020; Miranda-Gamboa et al., 2023; Mitchell et al., 1977). The cave
form of A. mexicanus exhibits drastic morphological differences relative to surface fish, including
eye regression and reduced or absent melanin pigmentation (Jeffery, 2001; Jeffery et al., 2003;
Sadoglu, 1957; Sadoglu and McKee, 1969; Wilkens, 1988). The cave forms also exhibit multiple
derived behavioral adaptations, including reduced sleep and reductions in social behaviors,

enhanced vibration attraction, and altered larval and adult feeding behaviors (Aspiras et al.,
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2015; Duboué et al., 2011; Elipot et al., 2013; Kowalko et al., 2013a; Lloyd et al., 2018; Patch et
al., 2022; Paz et al., 2023; Rodriguez-Morales et al., 2022; Yoshizawa et al., 2010). The diverse
number of behavioral and physiological differences between cave and surface fish suggests
changes in multiple traits were required for adaptation to the cave environment.

Whether the trait alterations evolved in cavefish are due to the same or distinct genetic
loci has been studied extensively (Kowalko et al., 2013a; Kowalko et al., 2013b; O’Gorman et
al., 2021; Oliva et al., 2022; Protas et al., 2008; Yamamoto et al., 2009; Yoshizawa et al., 2012).
Both manipulation of differentially expressed genes and the presence of overlapping QTL for
distinct phenotypes in A. mexicanus suggest that pleiotropy may play a role in cavefish
evolution (Kowalko et al., 2013a; O’Quin and McGaugh, 2016; Protas et al., 2008; Yamamoto et
al., 2009; Yoshizawa et al., 2012). However, few causative loci for cave-evolved traits have
been identified in this species, presenting a challenge to distinguishing between pleiotropy and
alternative hypotheses, such as closely linked genes contributing to the evolution of different
traits in cavefish populations.

One notable exception is albinism. Albinism has evolved repeatedly in cave organisms,
and albinism in A. mexicanus cavefish is the result of mutations in a single gene,
oculocutaneous albinism II, or oca2 (Culver and Pipan, 2019; Klaassen et al., 2018; Protas et
al., 2006; Sadoglu, 1957; Warren et al., 2021). However, in addition to albinism, oca2 has been
implicated in the evolution of other cave-evolved traits, including enhancement of catecholamine
levels, anesthesia resistance, and reductions in sleep, suggesting a pleiotropic role for oca2 in
cavefish evolution (Bilandzija et al., 2013; Bilandzija et al., 2018; O’Gorman et al., 2021). While
oca? alleles are under positive selection in multiple A. mexicanus cave populations (O’Gorman
et al., 2021), whether oca2 affects other cave-evolved traits, and which of these trait(s) affected
by oca2 in cavefish provide a benefit in a cave environment are currently unknown.

Here, we investigate the role of mutation of oca2 in another behavior, prey capture

behavior. Previous work has shown that larval surface fish hunt using visual cues under lighted
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86 conditions, whereas cavefish capture prey using their lateral line (Lloyd et al., 2018). When

87 hunting in the dark, cave and surface fish use their lateral line to strike prey at wider angles

88 compared to surface fish in lighted conditions (Lloyd et al., 2018). Here, we find that albino,

89 homozygous mutant oca2 surface fish larvae utilize an altered, cave-like wide strike angle when
90 capturing prey. However, unlike cavefish, oca2 mutant surface fish utilize this wide-angle

91  striking even when they are using visual cues to capture prey. Finally, we find that albino

92  surface fish show reduced performance in a competition assay against their pigmented siblings

93 under lighted conditions. This pigmented surface fish advantage is absent in dark conditions,

94  raising the possibility that cave alleles of oca2 provide a disadvantage when foraging under

95 lighted conditions that is absent in dark conditions like those found in caves. Together, this work
96  suggests that oca2 contributes to the evolution of multiple behavioral traits, some of which may

97 resultin decreased fitness in a surface habitat.

98

99 2. Results

100 To determine whether loss of OCA2 contributes to the evolution of prey capture

101  behavior, we compared the strike dynamics of gene edited oca2 mutant surface fish that are
102 homozygous for a two base pair deletion in exon 21 of the oca2 gene (Klaassen et al., 2018;
103 O’Gorman et al., 2021) to wild-type siblings and Pachon cavefish. Larval fish between 29 and
104 33 dpf were recorded while eating brine shrimp in a lighted arena and strike attempts were

105 analyzed. Consistent with prior results, the wild-type surface fish larvae strike prey head on,

106  frequently exhibiting a J turn movement, while Pachén cavefish approach prey from the side,
107  frequently using a C turn movement to capture prey (Lloyd et al., 2018) (Fig. 1A). Unlike their
108  wild-type siblings, the albino, oca2 mutant (oca242%742b%) surface fish larvae exhibited a large
109 strike angle when feeding, similar to what is observed in cavefish (Fig. 1A). Quantification of the

110 distance between the fish and the prey prior to striking revealed no significant differences
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111  amongst any populations (Fig. 1B). However, the total number of attempted strikes and the

112 proportion of successful strikes were both reduced in oca24?°P42°p syrface larvae compared to
113  wild-type surface larvae (Fig. 1C&D). Together, these results demonstrate that oca2 mutant

114  surface fish display shifts in multiple components of larval prey capture compared to wild-type
115  surface fish in the light, and they display prey capture behavior similar to Pachén cavefish.

116 As surface fish alter their prey capture behavior in the dark (Lloyd et al., 2018), we next
117  performed prey capture assays in both light and dark conditions to determine if oca2 mutant
118  surface fish also alter their behavior in the dark. Wild-type surface fish exhibit an increase in

119  strike angle and no change in strike distance in dark conditions when compared to light

120  conditions (Fig. 2A-B, S1A-B). Further, wild-type surface fish attempted to strike less frequently,
121  and showed a decrease in success rate under dark conditions (Fig. 2C-D, S1C-D). In contrast,
122 oca24?ra2p gyrface fish demonstrated no change in any metric between light and dark

123 conditions (Fig. 2A-D), similar to Pachén cavefish (Figure S1A-D). Together, these data suggest
124  that oca2-mutant surface fish do not alter their feeding dynamics in the absence of visual cues
125  and raise the possibility that oca24?°P/42p syrface larvae may be using vision-independent

126  methods of feeding under lighted conditions.

127 One possibility for the striking behaviors observed in oca2 mutant surface fish is that
128  these fish are incapable of feeding using visual cues due to visual system defects. We

129  quantified optomotor response, an innate behavior characterized by fish swimming in the same
130  direction as a moving visual stimulus, which has been used previously in zebrafish to assess for
131  loss of visual function (Clark, 1981; Neuhauss, 2003; Neuhauss et al., 1999). Fish were placed
132 in a rectangular well, exposed to high contrast moving lines, and scored for the proportion of the
133  distance traveled across the well in the direction of the moving lines following each directional
134  switch. Fish with an optomotor response index (OMI) close to 1 frequently traveled in the

135  direction of the lines whereas fish with an OMI close to zero moved without regard to the

136  movement of the lines. Surface fish show a robust optomotor response (Fig. S2A). In contrast,
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137  Pachén cavefish do not swim in the direction of the moving lines and have OMI around zero
138  (Fig. S2A), suggesting they do not display an optomotor response and do not have visual

139  function. Similar to wild-type surface fish siblings, the majority of oca24?r42p syrface fish have
140 OMI close to 1, indicating that they respond robustly in this assay, and suggesting they retain
141  visual function (Fig. S2B).

142 The presence of robust visually guided behavior in oca2 mutant surface fish raises the
143  possibility that these fish are performing wide strike angles while feeding using visual cues.

144  Alternatively, oca2 mutant surface fish may preferentially feed using lateral line cues. In order to
145  test what sensory modality oca2 mutant fish use while hunting, we ablated the lateral line using
146  gentamicin, an ototoxic compound used in fish species (Song et al., 1995; Van Trump et al.,

147  2010), and assayed prey capture under light and dark conditions. Wild-type surface larvae, in
148 lighted conditions, demonstrated no significant difference in strike angle, distance, total strikes,
149  or success rate between gentamicin treated and untreated groups, and feed at low strike angles
150  associated with visual-based feeding (Fig 3A-D). In contrast, in lighted conditions, oca242°p/A2op
151  surface fish strike at wide angles regardless of gentamicin treatment. Further, strike angle

152  increases when the lateral line is ablated following gentamicin treatment in oca242°P/42vp syrface
153  fish (Fig 3A). This suggests that oca2 mutant surface larvae do not require lateral line-mediated
154  cues for wide-angle strikes in lighted conditions. While oca242r'42¢ gyrface fish showed no

155  significant differences in strike distance and success rate between treated and untreated groups
156 in lighted conditions, they did show a decrease in total strike attempts (Fig 3B-D), suggesting
157 that the lateral line may play a role in finding prey in these fish under lighted conditions. In the
158  dark, neither wild-type or oca24?P42p syrface fish were able to capture prey when gentamicin-
159 treated, indicating that oca2 mutant surface fish require either vision or the lateral line for

160  hunting, similar to their wild-type counterparts (Fig. 3). Together, these results suggest that the

161 wide angle used during hunting by oca2 mutant surface fish is not due to a shift to lateral line
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162  mediated feeding under lighted conditions, but instead occurs in surface fish using vision to

163 hunt.

164 We next sought to determine whether these differences in hunting behavior provided an
165 advantage to fish under conditions that mimic surface and cave environments. To determine
166  whether surface or cave-like oca2 alleles provide an advantage while hunting, we developed a
167  competition assay, in which two fish were provided with a small number of prey, and we

168  determined what proportion of the prey was eaten by individuals of different genotypes (Fig 4A).
169  We found that, on average, surface fish consume more prey than cavefish when competing
170  under lighted conditions, and cavefish consumed more prey than surface fish in the dark (Fig
171  4B). While we found that pigmented fish on average outcompeted albino siblings under lighted
172 conditions, we found no significant differences between albino and pigmented siblings under
173  dark conditions (Fig 4C). Together, these results suggest that mutations in oca2 result in a

174  disadvantage for surface larvae when hunting in the light, and that this disadvantage is

175  alleviated under dark conditions.

176
177 3. Discussion

178 Here, we quantified larval feeding behavior in surface fish with mutations in the oca2

179  gene, a pleiotropic gene that is responsible for albinism and contributes to sleep loss in multiple
180 A. mexicanus cavefish populations (Klaassen et al., 2018; O’Gorman et al., 2021; Protas et al.,
181  2006) to determine if oca2 has other pleiotropic effects in this species. We found that

182  oca24?rA2p |grvae exhibit altered prey capture behavior compared to wild-type, pigmented

183  siblings, and feed at wider strike angles. This altered behavior is not due to complete loss of

184  visual function in oca2 mutant larvae and a subsequent shift to lateral line-mediated feeding, as
185  these fish have an optomotor response similar to wild-type siblings. Further supporting that oca2

186  mutant surface fish hunt with wide strike angles using visual cues, when we ablated the lateral
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187  line of oca2 mutant surface fish, these fish continued to feed with wide string angles. Finally, we
188  assessed whether loss-of-function oca2 alleles provide a benefit to feeding in a habitat that is
189  dark, similar to the cave. We found that while pigmented siblings outcompeted oca2 mutant

190 larvae in light conditions, there was no significant difference in successful hunting under dark
191 conditions, suggesting that oca2 is important for larval feeding behavior under light, but not dark

192 conditions.

193

194  Pleiotropy: Pigmentation and Behavior

195 Genes that impact pigmentation have been associated with differences in behavior

196  across taxa (Ducrest et al., 2008; Reissmann and Ludwig, 2013). For example, genetic variation
197  atthe agouti locus impacts both pigmentation and aggressive behavior in mice (Carola et al.,
198  2014). Fruit flies with a mutation in the ebony gene exhibit higher aggression and increased

199 sleep compared to wild-type files (Pantalia et al., 2023). Additionally, albinistic animals within a
200 species can exhibit different behaviors than their pigmented counterparts. Albino rats have

201  altered sleep and aggression, and albino catfish (Siluris glanis) exhibited lower aggression and
202  reduced shoaling behavior compared to pigmented catfish (Barnett and Hocking, 1981; Barnett
203 etal, 1979; Slavik et al., 2016). Together, these studies suggest that pleiotropic loci can impact
204  both pigmentation and behavior.

205 In A. mexicanus, pleiotropy at the oca2 locus has been proposed to play a role in the
206  evolution of both pigmentation and behavior (Bilandzija et al., 2013; BilandZzija et al., 2018;

207 O’'Gorman et al., 2021). Coding mutations at the oca2 locus are responsible for albinism in at
208 least two A. mexicanus cavefish populations (Klaassen et al., 2018; Protas et al., 2006).

209  Further, mutations in oca2 have been proposed to contribute to increases in catecholamine

210 levels found in cavefish, as well as increases in anesthesia resistance and reductions in sleep

211  (Bilandzija et al., 2013; Bilandzija et al., 2018; O’Gorman et al., 2021). Here, we identify another
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212 potential role for oca2 in the evolution cavefish behavior: alterations to larval prey capture

213 behaviors. Together, these studies strongly suggest a role for pleiotropy in the evolution of

214  pigmentation and behavior in cavefish. While albinism is controlled by a single gene in cavefish,
215  reductions in melanin pigmentation in cavefish populations are multigenic (Protas et al., 2006;
216  Protas et al., 2007; Sadoglu, 1957; Sadoglu and McKee, 1969; Wilkens, 1988). Whether natural
217  variation at other loci in A. mexicanus contributes to both pigmentation and behavior is currently
218  unknown.

219

220 The effects of albinism on visual acuity

221 A. mexicanus surface larvae primarily use visual cues for hunting (Lloyd et al., 2018),
222 thus itis important to confirm that the alterations to oca2 mutant surface larvae feeding behavior
223  are not due to poor visual acuity. Albinism is known to confer visual defects across taxa.

224 Oculocutaneous albinism in humans is highly comorbid with strabismus, nystagmus, foveal

225  hypoplasia, and reduced visual acuity (Grgnskov et al., 2007). Albino model organisms also

226 exhibit vision defects. Albino rats, albino mice, and hypopigmented zebrafish have reduced

227  visual acuity when compared to pigmented counterparts (Braha et al., 2021; Li et al., 2022; Ren
228 etal., 2002). Together, these data suggest that albinism’s impact on vision is highly conserved.
229  Our optomotor response data demonstrated that oca2 mutant larvae are not blind (Fig. S2B)
230 and ablation of the lateral line in these fish suggests that even when hunting using only visual
231  cues, the oca2 mutant larvae still hunt at wide angles, unlike wild-type siblings (Fig. 3A).

232 Together, these results suggest that oca2 mutant surface fish strike at prey from wide angles
233 even when using vision. However, we cannot rule out that oca2 mutant larvae have more subtle
234 visual defects which impact hunting behavior in these animals.

235

236

237
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238  The adaptive value of oca2: A role for feeding?

239 The oca2 gene has previously been implicated in multiple other traits that have evolved
240 in cavefish, including albinism, sleep, and anesthesia resistance (Bilandzija et al., 2018;

241  Klaassen et al., 2018; O’Gorman et al., 2021; Protas et al., 2006). Further, the oca2 locus is
242 under positive selection in surface fish and multiple cavefish populations (O’Gorman et al.,

243  2021). While there are evolutionary benefits to having pigmentation in a lighted environment,
244  such as camouflage and UV protection (Lin and Fisher, 2007; Skold et al., 2016), the benefit of
245  loss of OCA2 in the cave habitat is currently unknown. Here, we tested whether having oca2
246  mutant alleles provides a benefit to surface fish when hunting in a dark environment. We found
247  Pachon larvae outperformed surface larvae in dark, and surface larvae outcompeted Pachon
248 larvae in the light, suggesting that fish from each population have adapted to hunting in their
249  respective environment conditions, similar to previous studies performed in larval and adult fish
250 (Espinasa et al., 2014; Yoshizawa et al., 2010). However, the oca2 mutant larvae did not exhibit
251  a significant difference in competition with their pigmented siblings in dark conditions. In

252 contrast, pigmented siblings significantly outperformed their albino siblings under lighted

253  conditions, indicating that albinism negatively effects hunting behavior in the light. These data
254  suggest oca2-mediated changes in hunting behavior likely do not provide a competitive benefit
255 in the dark. However, they reveal a potential benefit for functional OCA2 during hunting in the
256  light.

257 These data raise the possibility that the effects of loss of oca2 on hunting behavior does
258  not have a negative or positive effect on fish living in the complete darkness of the cave

259  environment. Instead, a dark environment may remove the fithess advantage provided by

260 pigmentation via an intact OCA2 when hunting in the light. This could allow ocaZ2 to incur

261  mutations without an immediate negative fithess change on this behavior, thus enabling oca2 to
262  be selected for its other pleiotropic effects in cavefish.

263
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264 4. Materials and Methods

265 4.1 Fish Husbandry and Populations

266 Fish were bred and larvae were raised as previously described (Borowsky, et al., 2008b,
267  Kozol, et al., 2022). All fish were housed under a 14:10 light/dark cycle. Larvae were kept at
268  25°C for the first 6 days post fertilization (dpf) in glass bowls, and then transferred to tanks,

269  where larvae were raised at a density of 30 fish per 2 liter tank, with water changes twice per
270  week at 23°C. Larvae were fed Artemia salina to satiation twice per day, starting at 6 dpf.

271  Larvae were not fed in the afternoon before prey capture assays or competition assays, to

272  ensure satiety was not met before experiments.

273 Surface fish lines with a mutant oca2 allele were derived previously, and fish assayed
274  here had a 2 bp deletion in exon 21, the exon that is absent in Molino cavefish populations, of
275 the oca2 gene (Klaassen et al., 2018; O’Gorman et al., 2021). Surface fish heterozygous at the
276  oca2 locus were incrossed to produce albino (oca2 mutant) and pigmented (heterozygous and
277  homozygous wild-type, referred to as wild-type) offspring. Albino, oca2 mutant fish were

278  compared to wild-type siblings for all strike assays, and to pigmented siblings (wild-type or

279  heterozygous) for competition assays. Wild-type fish were distinguished from heterozygous

280  siblings by genotyping following assays. Surface and cavefish populations used in this study
281  were derived from lab-bred populations captured multiple generations ago in Mexico, and in the
282  case of cavefish, from the Pachon cave.

283

284 4.2 Prey Capture Assays

285 All larvae for prey capture assays were between 29-33 dpf. One well in an untreated 12-
286  well plate (24.0mm in diameter) served as the arena. 25-30 Artemia were added to the arena
287 immediately before the assay. All Artemia used were prepared 24 hours prior to

288  experimentation, so that all prey were of similar sizes and stages of development across trials.

289  Artemia were prepared by placing cysts in saltwater (35g/L) with constant aeration. Hatched
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290 Artemia were separated from cysts and transferred to fresh fish system water (pH: 7.0-7.3,

291  conductivity: 600-800uS/cm) prior to assays.

292 Larvae were placed in the arena and feeding was assessed for 2 minutes following

293  addition of the larva. Videos were recorded at 50 frames per second (fps) and a resolution of
294  992x1000 using an FLIR Grasshopper3 High Performance USB 3.0 Monochrome Camera

295  (Edmund Optics Cat. No. 88-607) with a 12mm HP series lens, 1/1” (Edmund Optics, Cat. No.
296  86570). Videos were recorded using the program Spinview, from FLIR’s Spinnaker SDK. Prey
297  capture assays in lighted conditions were backlit via white LED strip lights, and filmed from

298 above. Overhead lights were turned off during experimentation to prevent glare on the camera.
299  For assays in dark conditions, the arena was placed in an opaque box illuminated with IR lights
300 with a blackout curtain draped over top. The arena was filmed from below to increase contrast
301 of prey and fish.

302 All larval strikes within 2 minutes of the larvae entering the arena were recorded. Strikes
303  were broken into three categories: unsuccessful strikes, successful strikes, unmeasurable

304  successful strikes. Unsuccessful strikes were strike attempts from the larvae that did not result
305 in successfully capturing Artemia. Successful strikes were strike attempts where the larvae

306 captured Artemia. Unmeasurable successful strikes were strikes where the larva captured prey,
307  but the strike could not be quantified for angle or distance, which were usually the result of the
308 larvae being rotated on its side, or when the larvae performed a “multi-strike.” A multi-strike is
309 where the larvae performed multiple strike attempts in quick succession with no recovery

310 between strikes. Angle and distance could not be quantified as the starting position was not
311  reflective of the capturing position. Unmeasurable strikes were omitted from angle or distance
312 measurements, but still counted towards total strikes or success rate.

313 Successful strikes were quantified for strike angle and strike distance by measuring in
314  FIJI (Schindelin et al., 2012), as previously described (Lloyd et al., 2018). Briefly, on the frame

315 before the initiation of the strike, the shortest distance between the Artemia and the larvae’s
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316 head was measured. Additionally, the angle between the midline of the larvae from the base of
317 its head and the center of the prey was measured to obtain the strike angle. Prey capture was
318 further analyzed for total of number of strikes and success rate. Unmeasurable strikes, such as
319 larvae-rotated strikes or multi-strikes, were included in the quantification of success rate.

320

321  4.3. Optomotor Assays

322 All larvae for OMR assays were 8 dpf. Larvae were placed in a 4-well rectangular arena
323  (Nunc rectangular dishes, Thomas Scientific, item number 1228D90). A Samsung Tab Active
324  Pro tablet (model number SM-T540) was positioned below the arena, providing backlight and a
325 video playing the moving lines. The video consists of a 30 second white background followed by
326  alternating 2 centimeter black & white lines moving at a speed of 1 centimeter per second. The
327 moving lines switched direction 5 times every 30 seconds, ending on another 30 second white
328 screen. OMR Assays were filmed from above using an FLIR Grasshopper3 High Performance
329 USB 3.0 Monochrome Camera (Edmund Optics Cat. No. 88-607) with a 12mm HP series lens,
330 1/1” (Edmund Optics, Cat. No. 86570). Videos were recorded using the program Spinview, from
331 FLIR’s Spinnaker SDK. Recording resolution was 800x1200 and framerate was 30 fps.

332 OMR videos were analyzed via FIJI (Schindelin et al., 2012). Scales were set by using
333  the line tool drawn to the total length of the well, 78mm. The X-position of each larva was taken
334  during the line switch; if larvae were obscured at that point, their most recent known position
335 was used instead. The recorded positions were subtracted from one another to assess what
336 distance each larva swam in the 30 second interval in the direction of the moving lines. The first
337 interval was not recorded as the larvae’s starting position had not been influenced by moving
338 lines. All other intervals were averaged together and converted to a percentage to gauge the
339  performance of each larva’s optomotor response, recorded as the optomotor index.

340

341 4.4, Competition Assays
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342 All larvae for competition assays were 29-33 dpf. Surface fish and Pachon cavefish were
343  age-matched. Pigmented oca2 fish (oca24?P* and oca**) competed against their albino

344  (oca242or/42bp) siblings. After a two-minute acclimation, 8-14 Artemia were added to the arena.
345  Recording continued until 0-1 Artemia remained. Videos were recorded from above on an FLIR
346  Grasshopper3 High Performance USB 3.0 Monochrome Camera (Edmund Optics Cat. No. 88-
347  607) with a 50mm HP series lens, 4/3” (Edmund Optics, Cat. No. 86574) at 50fps and a

348  resolution of 992x1000.

349 Competition assay recordings were analyzed for total number of Artemia added and how
350 many Artemia each larvae captured. Recordings where less than 8 or more than 14 Artemia
351  were added were omitted to ensure similar levels of total prey for comparisons. Total Artemia
352  captured were converted into a percentage per focal fish (wild-type surface or pigmented) based
353  off the starting amount of Artemia.

354

355 4.5. Gentamicin treatment

356 Larvae had their lateral line ablated via treatment of 0.001% gentamicin sulfate solution
357 24 hours before prey capture assays in line with previous methods established in A. mexicanus
358 (Lloyd et al., 2018). Lateral line ablation was validated on a subset of fish from each trial via

359  visualization of neuromasts following 20ug/ml DASPEI solution staining for 20-25 minutes.

360 DASPEI staining was performed in darkness, to prevent degradation of fluorescence.

361

362  4.6. Genotyping

363 Lines of surface fish harboring a 2 base pair (bp) mutation at the oca2 locus (indicated
364 by A2bp) were established previously (Klaassen et al., 2018; O’'Gorman et al., 2021). Fish

365  heterozygous for the allele were identified by fin clipping, and incrossed to produce pigmented
366 (heterozygous or wild-type) and homozygous mutant offspring. Sibling fish were compared for

367 all assays. The oca2220P/A25p |arvae were identified by the lack of pigmentation. Pigmented
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368  siblings were genotyped after assaying to determine whether they were oca2** or oca242°p'*
369  using previously described methods (O’Gorman et al., 2021). Briefly, pigmented larvae were
370  euthanized, then placed in 100ul 50mM NaOH and heated to 95°C for 30 minutes. After

371  heating, 10ul 1M Tris-HCI pH 8.0 was added. Two PCRs were performed per sample using
372  allele-specific forward primers; 5-CTGGTCATGTGGGTCTCAGC-3' to test for wild type

373 oca2, 5-TCTGGTCATGTGGGTCTCATT-3' to test for mutant oca2, and the reverse primer for

374  Dboth reactions, 5-TTTCCAAAGATCACATATCTTGAC-3' (O’Gorman et al., 2021).
375
376  4.10. Statistical Analysis

377 All results were first tested for normal distribution using a Shapiro-Wilkes normality test.
378  Results with non-normal distribution were then compared using a Mann-Whitney U test. Results
379  with normal distribution were then tested for equal variance across groups via Levene’s test. If
380 groups did not have equal variance, then a Welch’s t-test was performed. If equal variances
381  were present, then a student’s t-test was used. Additionally, if more than two samples were

382  compared, results with normal distribution were tested via one-way ANOVA followed by post-
383  hoc test or a Kruskal-Wallis test if not normally distributed. All statistical tests were performed
384  using and graphs generated with Graphpad Prism version 10.0.0, Graphpad Software,

385  graphpad.com.
386
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413  Figure 1 — oca2 mutant surface fish exhibit altered strike dynamics in the light. (A) Average

414  strike angles of wild-type (oca2*"*) surface fish (n = 17), oca24?°P'42vp gyrface fish (n =16), and
415  Pachodn cavefish (n = 15). One way ANOVA, F(2, 45) = 23.30, p <0.0001. Tukey’'s multiple

416  comparisons test: oca2** vs oca242vr/42%p gyrface fish (Adjusted p <0.0001), oca2** surface vs
417  Pachodn (Adjusted p <0.0001), oca24?°P'425p s Pachén (Adjusted p = 0.6398). (B) Average strike
418 distances of oca2** surface fish (n = 17), oca24?0r42vp gyrface fish (n = 16), and Pachén

419  cavefish (n = 15). One way ANOVA, F(2, 45) = 1.521, p = 0.2296. (C) Total number of strikes
420 for oca2** surface fish (n = 17), oca242vr/42b gyrface fish (n = 16), and Pachén cavefish (n =

421  15). One way ANOVA, F(2, 45) = 11.54, p <0.0001. Tukey’s multiple comparisons test: oca2**
422  vs oca242vria2be gyrface fish (Adjusted p<0.0001), oca2** surface fish vs Pachén (Adjusted p =
423 0.0074), oca2420r/42p ys Pachon (Adjusted p = 0.3488). (D) Success rates of wild-type surface
424  fish (n = 17), oca242vp/a2bp gyrface fish (n = 16), and Pachon cavefish (n = 15). One way ANOVA,
425  F(2,45) = 4.445, p = 0.0173. Tukey's multiple comparisons test: oca2** vs oca242°P42p gyrface
426  fish (Adjusted p = 0.0128), oca2** surface fish vs Pachén (Adjusted p = 0.4285), oca242bp/42bp yg
427  Pachén (Adjusted p = 0.2363). All error bars are standard error of the mean. *p<0.05, **p<0.01,

428  ***p<0.001, ****p<0.0001
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Figure 2 — oca2 mutant surface fish do not alter their strike dynamics in the dark. (A) Average
strike angles of wild-type (oca2**) oca242oP/42% gyrface fish in light and dark conditions. Welch's
t test: oca2**, light, (n = 15) and dark (n = 13), p<0.0001. t test: oca242°P42%p_Jight (n = 19) and
dark (n = 14), p = 0.7862. (B) Average strike distances of wild-type and oca242°P/42bp syrface fish
in light and dark conditions. Welch’s t test: oca2**, light, (n = 15) and dark (n = 13), p = 0.5856. t
test: oca2420p/420p |ight (n = 19) and dark (n = 14), p = 0.3007. (C) Total number of strikes in
wild-type and oca242bP/42bp grface fish in light and dark conditions. Mann-Whitney U test:
oca2**, light, (n = 15) and dark (n = 13), p = 0.0001. Welch’s t test: oca242vP/42 ight (n = 19)
and dark (n = 14), p = 0.6401. (D) Success rates of wild-type and oca24?°P/42% gyrface fish in
light and dark conditions. Welch's t test: oca2**, light, (n = 15) and dark (n = 13), p = 0.0208. t
test: 0ca242op/420p [ight (n = 19) and dark (n = 14), p = 0.1804. All error bars are standard error of

the mean. *p<0.05, **p<0.01, **p<0.001, ****p<0.0001
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448  Figure 3 — oca2 mutant fish strike at wide angles after lateral line ablation. (A) Strike angles of
449  wild type (oca2**) and oca242vr/420p gyrface fish, in light and dark conditions and with or without
450  gentamicin treatment. oca2** surface fish, light, untreated (n = 14), oca2** surface fish, light,
451  treated (n = 15), oca2** surface fish, dark, untreated (n = 7), and oca2*'* surface fish, dark,
452  treated (No Data). Kruskal-Wallis test, number of treatments = 3, number of values = 36, KW
453  statistic = 15.51, p = 0.0004. Dunn’s multiple comparisons test: light/untreated vs light/treated
454  (Adjusted p >0.9999), light/untreated vs dark/untreated (Adjusted P = 0.0012), light/treated vs
455  dark/untreated (Adjusted p = 0.0008). oca242oP/42bp gyrface fish, light, untreated (n = 17),

456  oca242vpiA2op gyrface fish, light, treated (n = 20), oca2420P42vp gyrface fish, dark, untreated (n =
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457  13), and oca242vr'42p gyrface fish, dark, treated (No Data). One way ANOVA, F (2, 47) = 3.765,
458 p =0.0304. Tukey’s multiple comparisons test: light/untreated vs light/treated (Adjusted p =
459  0.0261), light/untreated vs dark/untreated (Adjusted p = 0.6815), light/treated vs dark/untreated
460  (Adjusted p = 0.2449). (B) Average strike distances of wild-type and oca24?°P'42bp gyrface fish, in
461 light and dark conditions and with or without gentamicin treatment. oca2*'* surface fish, light,
462  untreated (n = 14), oca2** surface fish, light, treated (n = 15), oca2** surface fish, dark,

463  untreated (n = 7), and oca2*"* surface fish, dark, treated (No Data). One way ANOVA, F (2, 33)
464  =1.341, p = 0.2756. oca24?P42bp grface fish, light, untreated (n = 17), oca24?°P/42bp grface fish,
465 light, treated (n = 20), oca24?°P'42o0 gyrface fish, dark, untreated (n = 13), and oca242bp/A20p

466  surface fish, dark, treated (No Data). Kruskal-Wallis test, number of treatments = 3, number of
467  values = 50, KW statistic = 0.5835, p = 0.7469. (C) Total number of strikes for wild-type and
468  oca242vpiA2op gyrface fish, in light and dark conditions and with or without gentamicin treatment.
469  oca2'* surface fish, light, untreated (n = 14), oca2** surface fish, light, treated (n = 15), oca2*"*
470  surface fish, dark, untreated (n = 7), and oca2** surface fish, dark, treated (No Data). One way
471  ANOVA, F (2, 33) = 3.495, p = 0.0420. Tukey’s multiple comparisons test: light/untreated vs
472  light/treated (Adjusted p = 0.8495), light/untreated vs dark/untreated (Adjusted p = 0.0998),

473  light/treated vs dark/untreated (Adjusted p = 0.0365). oca242vP/42%p gyrface fish, light, untreated
474  (n = 17), oca242vri22bp gyrface fish, light, treated (n = 20), oca2420P/425%0 gyrface fish, dark,

475  untreated (n = 13), and oca242°P/42% gyrface fish, dark, treated (No Data). Kruskal-Wallis test,
476  number of treatments = 3, number of values = 50, KW statistic = 11.38, p = 0.0034. Dunn’s

477  multiple comparisons test: light/untreated vs light/treated (Adjusted p = 0.0111), light/untreated
478  vs dark/untreated (Adjusted p = 0.0109), light/treated vs dark/untreated (Adjusted p >0.9999).
479 (D) Success rates of wild type and oca2420P/420 gyrface fish, in light and dark conditions and
480  with or without gentamicin treatment. oca2*’* surface fish, light, untreated (n = 14), oca2**

481  surface fish, light, treated (n = 15), oca2** surface fish, dark, untreated (n = 7), and oca2*"*

482  surface fish, dark, treated (No Data). Kruskal-Wallis test, number of treatments = 3, number of
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483  values = 36, KW statistic = 1.171, p = 0.5569. oca24?°P'42p gyrface fish, light, untreated (n = 17),
484  oca2420riA20p gyrface fish, light, treated (n = 20), oca242°P420p gyrface fish, dark, untreated (n =
485  13), and oca242cr'420p gyrface fish, dark, treated (No Data). One way ANOVA, F (2, 47) = 1.437,
486 P =0.2478. All error bars are standard error of the mean. *p<0.05, **p<0.01, ***p<0.001,

487  ****p<0.0001
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490 Figure 4 — Competition assays reveal differences in hunting success between populations. (A)
491 Representative image of competition assay with a surface fish and Pachén cavefish. (B)

492  Proportion of total prey captured by surface fish competitors in a competition assay between a
493  surface fish and Pachon cavefish in light and dark conditions. One-Sampled T test, n = 20 trials
494  (light), 22 (dark), theoretical mean = 0.5, actual means = 0.7492 (light), 0.3841 (dark), t = 5.405
495  (light), 2.728 (dark), df = 19 (light), 21 (dark), p <0.0001 (light), 0.0126 (dark). (C) Proportion of
496 totally prey captured by pigmented surface fish sibling competitors (oca24?°?* or oca**) in a
497  competition assay between a pigmented surface fish and an oca2-mutant albino surface fish in
498 light and dark conditions. One-Sampled T test, n = 13 trials (light), 15 (dark), theoretical mean =
499 0.5, actual means = 0.7929 (light), 0.5934 (dark), t = 7.053 (light), 1.723 (dark), df = 12 (light),
500 14 (dark), p = <0.0001 (light), 0.1069 (dark). All error bars are standard error of the mean.

501  *p<0.05, **p<0.01, **p<0.001, ****p<0.0001
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