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St. John et al. • Examining the behavioral origins of  novelty

Aggression varies across different behavioral�assays
Not only did aggression vary between species and sex, but it also var-
ied across behavioral assays. While female generalists and scale-eaters 
attacked female conspecifics quicker than snail-eaters (Table 1, b; 
Figure 3b), female snail-eaters performed more total attacks toward 
their mirror image than either of  these groups (Table 1, c; Figure 4a). 
Similarly, male scale-eaters only exhibited increased aggression com-
pared to snail-eater males when approaching their mirror image or a 
heterospecific stimulus fish (Table 1, 1a; Figures 2a and c).

Boldness did not vary across species
Unlike aggression, boldness did not vary across species. Latency for 
their head to emerge from the start box did not vary by sex, species, 
nor their interaction (Table 1, d). Further, the latency for the tail 
to emerge also did not vary by species (Table 1, e). It did, however, 
significantly vary by sex (Table 1, e), with male fish fully emerging 
from the start box about 6 times quicker than female fish (median 
male time: 42.23 [17.33, 131.67]; median female time: 253.05 
[112.06, 288.28]). Propensity to approach or attack novel objects 
also did not vary by species, sex, or their interaction in both our 
control mirror and control paired aggression assays (Table 1, a–c).

Gene expression
Three thousand nine hundred and sixty-six genes were di�eren-
tially expressed between scale-eaters versus generalists and 722 
genes were di�erentially expressed between snail-eaters versus 

generalists. We found di�erentially expressed genes within ontolo-
gies for maternal care behavior, the estradiol hormone pathway, 
and the androgen hormone pathway (Table 2). None of  these 
ontologies were significantly over-represented in either species com-
parison, which were instead enriched for cranial skeleton, metabo-
lism, and pigmentation genes (McGirr and Martin 2018).

Despite over 1000 di�erentially expressed genes from whole 
larvae at this developmental stage, only 2 genes were associated 
with aggression-related ontologies in the snail-eater versus gen-
eralist comparison (Table 2, a) and only 7 genes were associated 
with aggression-related ontologies in the scale-eater versus gener-
alist comparison (Table 2, b) using 1-way best hits. Furthermore, 
these comparisons shared 2 genes in common: a transcriptional 
coactivator, which interacts with androgen receptors (rnf14) and a 
DNA binding transcription factor involved in glucocorticoid recep-
tor regulation (crebrf) (Kang et al. 1999; Martyn et al. 2012). While 
both specialists showed di�erential expression in androgen and 
maternal care-related pathways when compared to the generalist, 
scale-eaters additionally showed di�erential expression in the estra-
diol hormone pathway. When using a reciprocal best hits approach, 
only a single gene, hdac6, was associated with aggression-related 
ontologies in the scale-eater versus generalist comparison. However, 
the primary function of  this gene is histone deacetylation, and it is 
conserved across flies and mammals, which could explain why it 
was the sole result of  the conservative reciprocal best hits approach 
(Perry et al. 2017).
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Figure�2
Median and 95% CI’s (BCa) for latency to approach: (a) mirror image, (b) same-sex conspecific, (c) heterospecifics, or (d) opposite sex conspecific.
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