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Seasonal colour and antipredator behaviour in Etheostoma
(Percidae)
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This study examined how colour varies across season and sex in the fantail darter Etheostoma flabellare
and the banded darter Etheostoma zonale. Etheostoma flabellare has male-only parental care and exhib-
ited slight sexual dimorphism in overall colour, with no discernible effect of season on colour; whereas
E. zonale does not have parental care and exhibited substantial sexual dimorphism in colour, but only
in the breeding season. Additionally, antipredator behaviour of E. zonale was compared between males
that were fully coloured during the breeding season and males that were partially coloured at that time,
but the effects of colour and season were not consistent across males.
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Seasonal changes in colour were examined in two Etheostoma species found in the
same general area but differing in parental care. In the banded darter Etheostoma zonale
(Cope 1868), females attach individual eggs to filamentous algae, males fertilize the
eggs and then eggs are abandoned by both parents (Page, 1983). In the fantail darter
Etheostoma flabellare Rafinesque 1819, males guard the underside of a rock or log,
females attach eggs there and then males remain and care for the eggs (Winn, 1958).

Male E. zonale have bright green lateral vertical bands during the breeding sea-
son but resemble cryptic females during the non-breeding season (Page, 1983). In
E. flabellare, both sexes are cryptic and brown throughout the year in Illinois popula-
tions, although pattern varies geographically (Page, 1983; Radabaugh, 1989; Blanton
& Schuster, 2008). This study quantified the variation in colouration in both species.

This study also tested whether more conspicuous male nuptial colouration is associ-
ated with more conspicuous antipredator behaviour in E. zonale, and if it is, whether
the association is retained during the non-breeding season when those same males are
less conspicuously coloured. In general, across species, animals with cryptic coloura-
tion freeze in response to predators, whereas conspicuously coloured animals tend to
be more active and utilize active antipredator behaviours (Edmunds, 1974).
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Table I. Etheostoma male colouration and changes in post-threat behaviour with season

Species
(breeding habitat)

Parental
care

Dominant
male breeding

colours*

Freezing
duration: ratio

of non-breeding
to breeding

Other behaviours: non-
breeding to breeding

Etheostoma spectabile†
(gravel or sand
substratum

No Red, orange,
blue

6:1 Number of darts‡: more than a
seven-fold increase; overall
movement rate: NS

Etheostoma blennioides†
(submerged vegetation
and green algae)

No Green 0⋅8:1 Number of darts: less than a
two-fold increase; overall
movement rate: decreased

Etheostoma zonale§
(submerged vegetation
and green algae)

No Green 2⋅2:1 Relative duration of darting v.
freezing: NS

Etheostoma flabellare†
(underside of rocks and
logs)

Male Brown 0⋅83:1 Number of darts: unchanged or
decreased; overall movement
rate: decreased

NS, non-significant.
*All males are dull cryptic brown during the non-breeding season (Page, 1983).
†Data from Radabaugh (1989).
‡As indicated by movements of >1 body length and by changes in direction.
§Data from this study.

Within darters, this relationship between colouration and antipredator behaviour has
been seen among species (Radabaugh, 1989), as well as between seasons within species
(Table I). Radabaugh (1989) examined individual breeding and non-breeding males
immediately after exposure to a simulated predator. Males of the orange throat darter
Etheostoma spectabile (Agassiz 1854) froze in the non-breeding season when cryp-
tically coloured but remained active, darted and rarely froze in the breeding season
when in bright nuptial colouration. Conversely, males of both other species tested,
the greenside darter Etheostoma blennioides Rafinesque 1819 and E. flabellare (Rad-
abaugh, 1989), tended to decrease overall movements in the breeding season regardless
of threat and responded to a threat by freezing regardless of season. This was true even
though the greenside darter E. blennioides, like E. spectabile, appear cryptic during
the non-breeding season but brightly coloured during the breeding season, whereas E.
flabellare remain more cryptic throughout the year. Although bright, perhaps the green
nuptial colouration of male E. blennioides aids in crypsis during the breeding season,
when these fish are amongst filamentous green algae (McCormick & Aspinwall, 1983;
Page, 1983; Gumm et al., 2011). To further test the effect of colour and season on
antipredator behaviour, this study used another species in which males have green nup-
tial colouration, E. zonale. How a predator was simulated matched Radabaugh (1989)
but the measure of antipredator response differed (Table I), and seasonal comparisons
were within, not between, individuals.

Darters were seined during March and April 2012 from three creeks in the same
region with similar depth and flow, Big Rock Creek (Kane County, IL, U.S.A.), Indian
Creek and Somonauk Creek (DeKalb County, IL, U.S.A.). Darters were separated by
sex and maintained in mixed species holding tanks in the laboratory at 17–18∘ C
(Zoller, 1999). They were fed daily ad libitum with live and frozen chironomids.
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Non-breeding and breeding conditions were induced as outlined by Zoller (1999).
First, to replicate non-breeding conditions, fishes were kept on a 16L:8D cycle for
12 weeks (April to July 2012). To induce breeding condition, all fishes were exposed
to a 12L:12D cycle for 5 weeks (July to August 2012), followed by a 16L:8D cycle for
4 weeks (August to September 2012). All male E. zonale achieved breeding coloura-
tion, and male E. flabellare developed egg mimics on their dorsal spines, indicating
breeding condition.

To examine their colour, first when fishes were in non-breeding condition and then
again when they were in breeding condition, 10 males and 10 females of each species
were haphazardly chosen from the holding tanks. Digital images were taken in a dark
room with lighting provided by four incandescent floodlights. Preparation and han-
dling of fishes and their subsequent recovery followed Kelley et al. (2012). Fishes were
blotted dry to minimize glare. The camera was a Sony Cyber-Shot (14.1 Megapixels;
www.sony.com) with a built-in flash; it was white balanced using the factory setting
for photography under incandescent lighting (Kelley et al., 2012). Fishes were placed
in aerated water for recovery immediately after being photographed.

The image of each individual was imported into ImageJ 1.44 (http://rsb.info.nih.gov/
ij/index.html/) to quantify the colour space of each individual along the red, green and
blue (RGB) axes (Stevens et al., 2007). The outline of each fish, including fins, was
traced using ImageJ’s free hand tool (Touchon & Warkentin, 2008). Then ImageJ’s
Colour profiler function determined each pixel’s red, green and blue values, each on a
scale of 0–255, and computed a mean value for each colour axis. Mean colour values
for the entire body and fin area of each individual were used because there were no
obvious differences in pattern between sexes or seasons for E. flabellare, or between
female and non-breeding male E. zonale (R. Moran, pers. obs.). In this study, both
male and female E. flabellare were mostly uniformly brown throughout the breeding
and non-breeding seasons, both when collected and in the laboratory. They had a very
faint lateral bar pattern, but this pattern did not appear to be exaggerated in either sex
during the breeding season or during mating.

Within each species, the colour data were analysed with a two-factor (sex and
season) multivariate analysis of variance (MANOVA) using STATISTICA 10
(www.statsoft.com). Sex and season (breeding or non-breeding) were treated as
fixed effects. Mean R, mean G and mean B colour values (0–255) were the three
dependent variables. For E. zonale, a planned multivariate comparison was done
between males during the breeding season and the other three treatment combinations
(i.e. male non-breeding and female breeding and non-breeding). This comparison
was chosen based on earlier qualitative descriptions (Radabaugh, 1989; Williams &
Mendelson, 2011).

The antipredator response of E. zonale males was assessed in June 2012 (breeding
season) and again in September 2012 (non-breeding season: the males’ green nuptial
colouration had faded) using the same individuals. The males were categorized in June
as either ‘fully coloured’ (lateral stripes of green on the body, and green head and
throat) or ‘partially coloured’ (only lateral stripes of green on the body), with five males
assigned to each category.

During testing, each male was alone in an 18⋅9 l aquarium. The room was dark with
a fluorescent light directly above the aquarium. After the male acclimated to the aquar-
ium for ≥24 h, a 20 cm long bass-like silhouette made from black cardboard was drawn
over the top of the aquarium at 1⋅0 body length s−1 (Radabaugh, 1989). For the next
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Fig. 1. Etheostoma flabellare in two-dimensional colour spaces for (a) mean G v. mean R, (b) mean B v. mean
G and (c) mean R v. mean B (R, red; G, green; B, blue; , non-breeding females; , breeding females; ,
non-breeding males; , breeding males).

5 min, time spent exhibiting antipredator-related behaviours (freezing and darting) was
recorded (Radabaugh, 1989). The predator simulation and observation period were
repeated five times for each male over a period of 5 days, with successive trials sepa-
rated by 24 h.

Relative time darting was computed for each male (= total time darting divided
by total time darting and freezing). How relative time darting was affected by
colour (fully coloured and partially coloured) and by season (breeding and
non-breeding) was analysed as a generalized linear mixed model in GenStat 15.1
(www.vsni.co.uk/software/genstat), assuming a binomial distribution. The com-
plementary log-log link function was used to accommodate some extreme values
(McCullagh & Nelder, 1989). Colour and season were treated as fixed factors, and fish
and day as random factors.

The MANOVA on colour of E. flabellare showed that overall colour differed signif-
icantly between sexes (Wilk’s 𝜆= 0⋅78; d.f. = 3,34; P< 0⋅05): females tended to have
higher mean G values than males for approximately the same range of mean R values
(Fig. 1). There was neither a significant effect of season (Wilk’s 𝜆= 0⋅86; d.f. = 3,34;
P> 0⋅05) nor a significant interaction between sex and season (Wilk’s 𝜆= 0⋅99; d.f. =
3,34; P> 0⋅05). Although not quantified, the heads of male and female E. flabellare
occasionally darkened, in both the field and the laboratory, during both the breeding
and the non-breeding seasons.

The MANOVA on colour of E. zonale showed a significant interaction between sex
and season (Wilk’s 𝜆= 0⋅04; d.f. = 3,34; P< 0⋅001). Males during the breeding sea-
son differed significantly from the other three sex by season treatment combinations
(i.e. males during the non-breeding season and females during both seasons; Wilk’s
𝜆= 0⋅027; d.f. = 3,34; P< 0⋅001). Males during the breeding season fell into a higher
range of mean R, mean G and mean B values (Fig. 2).

Relative time darting in E. zonale did not differ significantly between fully and
partially coloured males (F1,96 = 0⋅02; P> 0⋅05) or between seasons (F1,96 = 0⋅63;
P> 0⋅05), nor was there a significant colour by season interaction (F1,96 = 0⋅27;
P> 0⋅05; Fig. 3). Across all individuals, more time was spent freezing than darting
(mean± s.d. = 517⋅55± 168⋅83 s v. 32⋅35± 7⋅59 s; n= 20; paired t-test: t= 8⋅96;
d.f. = 19; P< 0⋅001). Conclusions were unaffected by analysing total freezing dura-
tion to facilitate comparison with the seasonal effect on freezing in E. spectabile
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Fig. 2. Etheostoma zonale in two-dimensional colour spaces for (a) mean G v. mean R, (b) mean B v. mean G
and (c) mean R v. mean B (R, red; G, green; B, blue; , non-breeding females; , breeding females; ,
non-breeding males; , breeding males).

(Radabaugh, 1989). The effect in E. spectabile was not based on a larger sample size
of individuals (Table I). Although season and colour effects were not significant for E.
zonale, the duration of freezing in fully coloured males was c. 2⋅6 times as long in the
non-breeding season as in the breeding season, whereas it was c.1⋅7 times as long in
the partially coloured males.

Although no single study captures all aspects of colouration, some sex and season dif-
ferences that merit further study were found. These results provide the first quantitative
evidence that colour may not change seasonally in males in a species of Etheostoma
with parental care compared to a sympatric congener lacking parental care. The effect
of season on male colour in E. flabellare appears to vary geographically. Male E. fla-
bellare are often described as developing darker bodies with moderate to pronounced
banding patterns in breeding condition (Page, 1983). This was not observed in the
population studied here, based on the above quantitative analysis and based on quali-
tative observations in the field and laboratory (R. Moran, pers. obs.). In many species
of Etheostoma, some parts of the male become more colourful or darker during the
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Fig. 3. Relative time darting during the breeding and non-breeding seasons for individual male Etheostoma
zonale in the (a) partially coloured and (b) fully coloured categories.
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breeding season (Page, 1983). In the majority of Etheostoma species with paternal
care, males are not more colourful in the breeding season (e.g. E. flabellare; Page,
1983), whereas they are in the majority of species of Etheostoma without parental care
(e.g. E. zonale; Page, 1983). The cost of conspicuous colouration of males will be
greater when it also puts offspring at risk. Additionally, the costs of changing coloura-
tion (Rodgers et al., 2013) may conflict with the considerable time and energy involved
in parenting (darters in the clade Goneaperca; Constantz, 1979; Schultz, 1999; Moran,
2012). One explanation for geographic variation in the extent to which E. flabellare
males change colour seasonally is that the need to change colouration to remain cryp-
tic may vary if there is geographic variation in how different breeding and non-breeding
sites are. Geographic variation in colouration within species has been well documented
in a variety of families of fishes (e.g. Poeciliidae, Millar et al., 2006; Cichlidae, See-
hausen & Schluter, 2004; Labridae, Fruciano et al., 2012), but geographic variation in
the extent of differences between breeding and non-breeding colouration and whether
such variation is related to predation has not, and warrants further study.

We thank J. Colford, G. Czadzeck, J. Eggers, K. McConnell and A. Ortega for assistance in
collecting, two anonymous reviewers for helpful comments on an earlier draft of this paper and
the Illinois Department of Natural Resources for collection permit no. A11.5560. Funding was
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