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Influence of sex and habitat on the size and shape of anal
and dorsal fins of the blackstripe topminnow Fundulus

notatus
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The size and shape of the anal and dorsal fin in the blackstripe topminnow Fundulus notatus from lake
and stream habitats across multiple ages and sexes were examined. Differences in the size and shape of
anal and dorsal fins were sex-specific and not related to habitat differences. Males have longer and more
pointed anal fins and longer, larger and more pointed dorsal fins than females. These sex differences
occur predominantly in the older age class. The angle (i.e. pointedness) of the dorsal and anal fins is
tightly correlated suggesting that fins follow a similar growth trajectory as individuals become sexually
mature.
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INTRODUCTION

Many species possess traits that serve several functions. The morphology (e.g. size
and shape) of such traits often reflects the diverse tasks in which they are used. Stud-
ies exploring variation in multi-use traits can offer rich insights into their functional
and adaptive significances. The anal and dorsal fins are two features in fishes that may
be particularly enlightening, because they serve multiple functions that probably have
strong fitness consequences. First, these fins are typically involved in fish movement
and stability. Fishes actively manipulate the apparent size and shape of the dorsal and
anal fins to aid in stabilization and manoeuvreability (Drucker & Lauder, 2001; Lauder
& Drucker, 2004; Fish & Lauder, 2006; Webb, 2006; Standen & Lauder, 2007; Tytell
et al., 2008). Second, the dorsal and anal fins also frequently function in mate attraction
and competitive displays. Males of many species often flare or flash their fins as part
of their courtship activities or during male–male interactions (Foster, 1967; Robinson
et al., 2011). Finally, the fins play a direct role in reproduction by assisting in fertiliza-
tion. Some species contain modified fin rays that essentially act like hooks, allowing a
male to cling to a female (Kottelat & Lim, 1999). In other species, the two sexes will
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fold their anal fins in such a way as to create a funnel that is believed to help place the
eggs on a substratum or ensure that sperm fertilize the eggs (Carranza & Winn, 1954;
Foster, 1967).

Despite these multiple roles, surprisingly little is known about the variation that exists
in these fins or how differences in environmental factors may affect them. Lake and
stream habitats are ideal for pursuing such a question because fishes in these envi-
ronments probably face very different selective pressures due to differences in several
ecological characteristics (Jackson et al., 2001). Streams have faster water velocities
than lakes, which has strong implications for movements or manoeuvreability and
stabilisation. Many lakes, including those in this study, contain higher predator abun-
dances because of stocking programmes that introduce large piscivorous game fishes
into lakes (Larimore & Bayley, 1996). This may impose strong selection on fin size or
shape that could enable fishes to perform fast start responses (Tytell & Lauder, 2008;
Blake et al., 2009), which are often used to avoid predators (Webb, 1984).

Here, the size and shape of the anal and dorsal fin in the blackstripe topminnow Fun-
dulus notatus (Rafinesque 1820) from lake and stream habitats were examined in both
males and females. The original species description of F. notatus qualitatively describes
a difference in anal and dorsal fin shape between males and females, with males hav-
ing pointed anal and dorsal fins and females having rounded fins. This description did
not consider differences in habitat, so the extent to which habitat may affect shape is
unknown. In another morphometric study, the anal and dorsal fin base lengths (but not
fin shape and size) were compared and it was found that these differed between the
sexes and age-classes, but did not differ as a function of habitat (Welsh et al., 2013).

This study examines the effects of habitat, sex and age on anal and dorsal fin size
and shape. If aspects of the habitat (e.g. water velocity and predation) are an impor-
tant source of selection on the size or shape of the anal and dorsal fins, then signif-
icant differences between lake and stream populations would be expected. Similarly,
if courtship and fertilization are an important source of selection on fin size or shape,
significant difference between the sexes would be found. An interaction between sex
and habitat would be consistent with different environments altering the direction of
sexual selection. The effect of age was incorporated so as to determine if these patterns
differ as a function of development. Finally, correlations between anal and dorsal fin
traits were examined in order to determine whether the two are tightly integrated or
whether they vary independently of one another.

MATERIALS AND METHODS

S T U DY S Y S T E M A N D F I E L D C O L L E C T I O N S

Individuals were collected from stream and man-made lake sites in east-central Illinois, U.S.A.
Lake Decatur, Weldon Springs State Park and Homer Lake are reservoirs (i.e. they were con-
structed by impounding adjacent streams and rivers and contain a dam that periodically releases
water). The other lakes were pits created for human activity (e.g. drainage and mining) and then
later filled in with water. While it is not known the exact year most of these were created, there
were no lakes in central Illinois until the construction of the first reservoirs in the early 1900s
(Smith, 2002) and, thus, all of the sites were filled with water within the past 100 years (most
likely within the past 50 years). To minimize the potential for gene flow between lake and stream
populations to confound results, sampling was avoided in locations where the two habitat types
met (i.e. below a dam or at the inlet or outlet of a lake). In total, 12 sites (six lakes and six
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Table I. Number of specimens collected at each site that was of the appropriate size for use
in the analyses. Note that for some specimens not every measurement of the fin was possible
because of damage to the fins and, thus, sample sizes for a population for a particular analysis

may be lower than the numbers shown here

Age class (years) Sex

Site (Latitude, Longitude) Habitat type
Total

specimens 0 1 Male Female

Homer Lake (40⋅0664∘ N;
87⋅9878∘ W)

Lake 15 7 8 8 7

Clear Lake, Kickapoo State
Park(40⋅1417∘ N; 87⋅7402∘
W)

Lake 15 8 5 9 6

Long Lake, Kickapoo State
Park (40⋅1349∘ N; 87⋅7427∘
W)

Lake 12 1 11 9 3

Philip’s Tract (40⋅1319∘ N;
88⋅1518∘ W)

Stream 9 6 3 6 3

Salt Fork (40⋅1134∘ N;
88⋅0515∘ W)

Stream 13 9 4 6 7

Kaufman Park (40⋅1146∘ N;
88⋅2899∘ W)

Lake 13 0 13 5 8

Nursing Creek (39⋅7913∘ N;
88⋅4174∘ W)

Stream 9 1 8 5 4

Antique Creek (39⋅7919∘ N;
88⋅3682∘ W)

Stream 15 11 4 10 5

Weldon Springs State Park
(40⋅1229∘ N; 88⋅9235∘ W)

Lake 27 15 12 18 9

Lake Decatur (39⋅8455∘ N;
88⋅8927∘ W)

Lake 11 0 8 5 3

Kickapoo Creek (40⋅2248∘ N;
88⋅7409∘ W)

Stream 19 8 11 8 11

Steven’s Creek (39⋅9356∘ N;
88⋅9784∘ W)

Stream 20 7 13 9 11

streams) were sampled (Table I). Fundulus notatus was collected with seines and dip-nets from
late August until mid October in 2010.

M E A S U R E M E N T S

Upon returning from the field, fish were euthanized with an overdose of MS-222, preserved in
10% formaldehyde and later transferred to 70% ethanol. After all sites were visited, individuals
were measured for body size, age and sex. Size was determined using standard length (LS)
measured to the nearest 0⋅1 mm with Vernier callipers, ageing was done to the nearest year
using growth rings on the scales of the fish, observed under light microscopy (DeVries & Frie,
1996) and sex determination was done visually by examining lateral-line patterning and black
markings on the fins: males have more pronounced vertical black barring along their sides and
more small black-spot speckles on their fins than females (Carranza & Winn, 1954).

Because many specimens had fins that were pressed against their body, it was necessary to
remove the anal and dorsal-fins from the specimens in order to obtain a good image of the fins.
Each fin was removed by cutting along its base as close to the body as possible using dissection
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1 mm

Base length

Angle

Fig. 1. Traits measured on each fin. Surface area is not shown. The enlarged area shows the angle trait (used to
determine pointedness), which was measured by calculating the angle between the longest fin ray ( ) and
the fin rays on either side of the longest fin ray ( on either side of the ). The enlarged area shows both
what the angle looks like on the fish fin and a diagrammatic sketch for clarity.

scissors. The fin was then spread out as much as possible by spreading the fin rays apart with
forceps, and this fully extended fin was photographed using a Zeiss AxioCam ICc1 camera
(www.zeiss.com) connected to a dissecting microscope. Only those fins that could be spread
out well (as judged visually) were used in the analysis. Each photograph contained a grid of
1 mm × 1 mm lines in the background for calibration. From each photograph, size and shape
measurements of both the anal and dorsal fins were then determined using Zeiss AxioVision
4.8.2 or ImageJ 1.44 (http://imagej.nih.gov/ij/). Three separate traits were measured on each fin
(Fig. 1): (1) the length of the fin base, which was measured as a straight line from the front of
the first (most anterior) fin ray to the back edge of the last (most posterior) ray, (2) the surface
area of the fin, as measured by tracing around the entire fin using the ‘outline’ feature and (3)
the angle between the longest fin ray and the adjacent ray on either side (anterior and posterior
to the longest ray). The angle is used as a quantitative description of the pointedness of the fin
(which has up until now only been qualitatively described as ‘pointed’ or ‘rounded’; Carranza
& Winn, 1954): a smaller (more acute) angle is more pointed than a larger (more obtuse) angle.

S TAT I S T I C A L A NA LY S E S

Individuals were classified into age-classes corresponding to the number of full years they
completed (e.g. age-0 year are those individuals <1 year of age, age-1 year are individuals over
1 year of age but <2). Throughout all analyses, only individuals in age-classes 0 and 1 were
considered because only about half of the populations contained individuals beyond the age 2
year-class. Also, all individuals <c. 32 mm were excluded from the analysis. Below this size, it
is difficult to distinguish immature males from females (Foster, 1967) (see Table I for sample
sizes).

Because these traits are influenced by the size of an individual, body size was first accounted
for by regressing fin-base length, surface area and angle against LS (raw measurements are avail-
able in Table SI, Supporting Information). The residuals were then analysed separately in a
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generalized linear model that modelled the effects of sex, habitat and population nested within
habitat and all their interactions. Because fish from the same population may not be independent
samples, population or the interaction with population was used as the error term to test effects.
In other words, habitat was tested over population and the effects of sex and its interactions with
the other effects were tested over sex × population (habitat).

Despite extensive collecting efforts, some populations were missing individuals from a par-
ticular age class and sex combination. Rather than deleting many populations from an analysis
in order to include age as a factor, the data were analysed separately for each age class. To be
conservative, only those populations that had at least two individuals of both sexes for a partic-
ular age were considered; however, the results are robust enough that they are qualitatively the
same even if analyses were expanded to populations containing at least one individual of both
sexes for a particular age. This procedure deleted four populations (Lake Decatur, Long Lake,
Kaufman Park and Nursing Creek) from the age-class 0 analysis of anal-fin shape, five popu-
lations (Lake Decatur, Long Lake, Kaufman Park, Nursing Creek and Antique Creek) from the
dorsal fin age analysis of dorsal fin shape, one population (Philip’s Tract) from the age-class 1
analysis of anal-fin shape and three populations (Long Lake, Lake Decatur and Philip’s Tract)
from the age-class 1 analysis of dorsal-fin shape. Because these traits may all vary together and
this could influence the results, a MANOVA was also performed to ensure that the results were
not simply caused by multilinearity among traits. A MANOVA was performed on both the raw
morphometric values and residuals in the same manner as described above (e.g. utilizing pop-
ulation and interaction with population as error terms). Unfortunately, because of damage to a
substantial number of fins that made measuring one or more traits on the same fin impossible,
there were significantly smaller sample sizes available for the MANOVAs than what was in the
generalized linear model. Therefore, the results are not reported here. The MANOVA results,
however, agree qualitatively with those from the generalized linear model analysis, so the results
reported here are robust and do not simply reflect multilinearity among traits.

The extent to which traits were correlated with one another was also considered. Pearson
correlation coefficients for both the raw trait values and the size-corrected traits were calculated
for all individuals and then compared for each age and sex. All analyses were performed in
SAS 2 (www.sas.com).

RESULTS

Habitat has no effect on any aspect of anal or dorsal fin size or shape. Instead, anal
and dorsal fin traits differ as a function of sex, particularly among the older age class
(i.e. age-class 1) (Tables SII–SVII, Supporting Information). Males have a longer anal
fin base length and smaller (more acute) anal fin angle than females. Similarly, for
the dorsal fin, males have a longer base length, larger surface area and smaller angle
(Fig. 2). Differences in the angle are the only trait that appear in the earlier age class and
the pattern is the same as for age-class 1 (i.e. males have a smaller angle than females).

There are strong correlations among raw trait values that are mediated by size. Anal
fin base length, anal fin surface area, dorsal fin base length and dorsal fin area are
positively correlated with size (Table II, P< 0⋅001). In contrast, neither anal fin angle
nor dorsal fin angle are tightly correlated with size, but they are tightly correlated with
one another.

After controlling for LS, functional within-trait relationships remain. For example,
dorsal fin surface area is generally positively correlated with the dorsal fin base length.
More interesting is the relationship that emerges between dorsal and anal fin angles.
Even after controlling for LS, dorsal fin and anal fin angle remain tightly correlated
with one another across both age-classes (Table III and Fig. 3). The tight correlation
occurs among age-1 year males and females, suggesting that the relationship arises
owing to variation within each sex and not simply owing to variation between the
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Fig. 2. Sexual dimorphism ( , females; , males.) of (a) residual fin base length, (b) residual fin surface area and
(c) residual angle of the anal and dorsal-fins in age-class 1 year. Values are mean± s.e. Note the change in
y axis scale. All comparisons are significant except for the residual surface area of the anal-fin.

sexes (age-class 1: males: r= 0⋅677, P< 0⋅001, n= 27; females: r= 0⋅709, P< 0⋅001,
n= 21). For age-class 0, the relationship between dorsal and anal fin angle is positive
for females but not statistically significant (r= 0⋅201, P> 0⋅05, n= 13). For males, the
relationship differs between habitats. In streams, anal fin angle and dorsal fin angle tend
to be positively but not significantly correlated (r = 0⋅385, P >0⋅05, n= 10). There is
a negative correlation, however, between dorsal angle and anal angle for age-0 year
males from the lake habitat (r =−0⋅974, P< 0⋅001, n= 6).

DISCUSSION

The size and shape of dorsal and anal fins are similar between lake and stream habi-
tats. This is surprising because dorsal and anal fins should influence manoeuvreability
and the ability of fish to maintain their position in the water column (Fish & Lauder,
2006; Tytell et al., 2008). The finding, however, is in accord with an earlier study that
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Table II. Overall correlations between standard length (LS), anal-fin angle, anal-fin base
length, anal-fin surface area, dorsal-fin angle, dorsal-fin base length, and dorsal-fin surface area.

Pearson’s correlation coefficients, P values and sample sizes (n) are listed

Anal fin Dorsal fin

LS Angle
Base

length
Surface

area Angle
Base

length
Surface

area

LS 1 −0⋅11716 0⋅76248 0⋅88490 −0⋅21991 0⋅67616 0⋅74029
P >0⋅05 <0⋅001 <0⋅001 <0⋅05 <0⋅001 <0⋅001
n 118 158 153 96 146 141
Anal-fin angle 1 −0⋅20890 −0⋅14470 0⋅58535 −0⋅12391 −0⋅14826
P <0⋅05 >0⋅05 <0⋅001 >0⋅05 >0⋅05
n 117 117 77 110 107
Anal-fin base length 1 0⋅76708 −0⋅23431 0⋅64758 0⋅64283
P <0⋅001 <0⋅05 <0⋅001 <0⋅001
n 153 95 144 139
Anal-fin surface area 1 −0⋅22833 0⋅64272 0⋅74697
P <0⋅05 <0⋅001 <0⋅001
n 95 141 136
Dorsal-fin angle 1 −0⋅30247 −0⋅30984
P <0⋅05 <0⋅001
n 94 95
Dorsal-fin base length 1 0⋅81093
P <0⋅001
n 139
Dorsal-fin surface area 1

found sex differences but no effect of habitat on anal and dorsal fin base lengths (Welsh
et al., 2013). The same study found that habitat (lakes v. streams) affects body size, with
fish being larger in streams, but found little effect on body shape.

Given that these fish live in drastically different environments, why do they not
vary in shape? One possibility is that there has not been enough time for popula-
tions to have diverged in body or fin shape because the lake habitats are relatively
young (<100 years). This argument is unsatisfying, however, because many studies
have shown rapid evolution in fishes as a function of habitat differences (Hendry et al.,
2006). Another possibility is that even though these fish occur in different habitat types,
they reduce the apparent differences through microhabitat selection. Many fishes are
known to alter their activity in response to changes in flow, often by seeking out refugia
(Liao, 2007). In the field, F. notatus is almost never seen in the main stem of streams
and rivers but, rather, is primarily observed in shallow pools and side coves (pers. obs.).

Anal and dorsal fin size and shape may also be subject to very strong sexual selec-
tion that potentially overwhelms the effects of natural selection due to habitat type.
Pronounced sexual dimorphism is often taken as a proxy for strong sexual selection
(Andersson, 1994). In this study, males have longer and more pointed anal fins, and
longer, larger and more pointed dorsal fins than females. Sexual dimorphism in anal
and dorsal fin traits is common in fishes, and these differences are thought to emerge
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Table III. Correlations among size corrected anal-fin angle, anal-fin base length, anal-fin sur-
face area, dorsal-fin angle, dorsal-fin base length and dorsal-fin surface area across all individ-

uals. Pearson’s correlation coefficients (P values) and sample sizes (n) are listed

Anal fin Dorsal fin

Angle
residual

Base
length

residual

Surface
area

residual
Angle

residual
Base length

residual

Surface
area

residual

Anal-fin angle residual 1 −0⋅19119 −0⋅09579 0⋅58195 −0⋅11357 −0⋅13336
P <0⋅05 >0⋅05 <0⋅001 >0⋅05 >0⋅05
n 117 117 77 110 107
Anal-fin base length residual 1 0⋅26710 −0⋅10674 0⋅27102 0⋅18161
P <0⋅001 >0⋅05 0⋅001 <0⋅05
n 153 95 144 139
Anal-fin surface area residual 1 −0⋅08093 0⋅13211 0⋅31404
P >0⋅05 >0⋅05 <0⋅001
n 95 141 136
Dorsal-fin angle residual 1 −0⋅22254 −0⋅22043
P <0⋅05 <0⋅05
n 94 95
Dorsal-fin base length residual 1 0⋅62514
P <0⋅001
n 139
Dorsal-fin surface area residual 1

due to male–male competition and female choice (Oliveira & Almada, 1995; Kottelat
& Lim, 1999; Hankinson et al., 2006; McGrath & Hilton, 2012). Likewise, in F. nota-
tus, the sexual dimorphism in anal or dorsal fin size and shape is believed to be due
to their sex-specific uses in courtship and spawning (Carranza & Winn, 1954; Foster,
1967).

Yet, exactly, why males have more pointed anal and dorsal fins than females is
unclear. One possibility is that pointed anal fins are adaptive for sperm transfer. Under
this hypothesis, pointed dorsal fins would evolve as a correlated response due to the
strong correlation between anal and dorsal-fin traits. Another possibility is that these
large, pointed and unpaired fins actually decrease male swimming ability because of
drag and act as a handicap. The fact that (1) there is a larger amount of variability in
fin shape among males compared with females and (2) this variability increases with
age is consistent with the handicap hypothesis.

In conclusion, anal and dorsal fin shapes are surprisingly similar between individuals
from lakes and streams despite the different demands presumably placed on swim-
ming in these different habitats. Instead, anal and dorsal fin shape differs dramatically
between the sexes, suggesting that they are possibly the targets of sexual selection.
In addition, the pointedness of the two fins is highly correlated suggesting that they
either share a common developmental pathway (perhaps as a module, as suggested by
Mabee et al., 2002 for fin positioning) or that they are under very similar selection
pressures.
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Fig. 3. The relationship between residual dorsal-fin angle and residual anal-fin angle. The curve was fitted by:
y= 0⋅8287x+ 2⋅2566.
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Supporting Information

Supporting Information may be found in the online version of this paper:
Table SI. Raw morphometric measurements (mean and s. e. in parentheses) of both
sexes from each site for (a) age-0 year and (b) age-1 year fish.
Table SII. Analyses of variance on residual anal-fin base length of (a) age-0 year
and (b) age-1 year individuals. Significant (P < 0⋅05) factors are shown in bold. MS
is the mean square. Superscript numerals refer to the term used in conjunction with
the mean-square error to generate the Satterthwaite approximation error degrees of
freedom to calculate the F-value for that factor.
Table SIII. Analyses of variance on residual anal-fin surface area of (a) age-0 year
and (b) age-1 year individuals. Significant (P < 0⋅05) factors are shown in bold. MS
is the mean square. Superscript numerals refer to the term used in conjunction with
the mean-square error to generate the Satterthwaite approximation error degrees of
freedom to calculate the F-value for that factor.
Table SIV. Analyses of variance on residual anal-fin angle of (a) age-0 year and (b)
age-1 year individuals. Significant (P< 0⋅05) factors are shown in bold. MS is the mean
square. Superscript numerals refer to the term used in conjunction with the mean-square
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error to generate the Satterthwaite approximation error degrees of freedom to calculate
the F-value for that factor.
Table SV. Analyses of variance on residual dorsal-fin base length of (a) age-0 year
and (b) age-1 year individuals. Significant (P < 0⋅05) factors are shown in bold. MS
is the mean square. Superscript numerals refer to the term used in conjunction with
the mean-square error to generate the Satterthwaite approximation error degrees of
freedom to calculate the F-value for that factor.
Table SVI. Analyses of variance on residual dorsal-fin surface area of (a) age-0 year
and (b) age-1 year individuals. Significant (P < 0⋅05) factors are shown in bold. MS
is the mean square. Superscript numerals refer to the term used in conjunction with
the mean-square error to generate the Satterthwaite approximation error degrees of
freedom to calculate the F-value for that factor.
Table SVII. Analyses of variance on residual dorsal-fin angle of (a) age-0 year and
(b) age-1 year individuals. Significant (P < 0⋅05) factors are shown in bold. MS is the
mean square. Superscript numerals refer to the term used in conjunction with the mean
square error to generate the Satterthwaite approximation error degrees of freedom to
calculate the F-value for that factor.
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