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Behavioral Trials: 
Data was collected on male (♂) fish during two different assays:

Courtship:

Measured behaviors in individual ♂ blackspotted:

♀-directed: biting, chasing, dorsal pricking, leading, 

vibrate leading, & zigzagging

Nest-directed: nesting, fanning, gluing, poking, 

quivering, & showing

15 min trials (n = 55 trials on n = 7 ♂s)

Parenting:

Measured behaviors in individual ♂ blackspotted:

Dispersing, fanning, gluing, nesting, nest-quivering, 

poking, pulling, retrieving, & spitting

15 min trials (n = 4 ♂s); twice daily for ~8 days 

Results of both assays were compared to existing data in the lab on white 

& common three-spined. 

Why Blackspotted Stickleback?

How Behaviors Evolve

Comparing closely related species can give insights into how 

behavior evolves. 

Well studied: Three-spined Stickleback 
(Gasterosteus aculeatus)

Model organism for natural variation in behavioral evolution1. 

Divergence in parental care in two ecotypes1,2. 

White and common ecotypes recently diverged2.

Lesser studied: Blackspotted Stickleback
(Gasterosteus wheatlandi)

Three-spined’s closest living relative.

Possible behavioral intermediate of commons & whites.

Blackspotted egg dispersal is similar to white three-spined3. 

BLACKSPOTTED COURTSHIP: Nest-Directed Similar, Female-Directed Novel 
              

  

BLACKSPOTTED PARENTING: White, Common, & Novel Components

 

What We Learned &

What’s Next:

“Vibrate Lead,” a unique 

blackspotted behavior, is 

characterized by the male 

hoovering near the nest and 

vibrating at a 45-degree angle.

Male blackspotted disperse 

their eggs, warranting further 

inquiry comparing the 

blackspotted genome to that of 

the white and common three-

spined ecotypes.

Male blackspotted quivering 

is unique and may be used to 

break the clutch up for 

dispersal, necessitating further 

study of the female 

blackspotted’s ovarian fluid, 

which keeps the eggs stuck 

together.
 

This study underscores the 

benefits of studying natural 

variation to gain insights into 

how behaviors and their 

underlying genetic codes 

evolve. 

    

Comparisons of Behavior:

How do blackspotted behaviors compare to their three-

spined relatives of the common and white ecotypes?

1. Courtship 2. Parenting

fig 4 fig 4

Males from both 

common and white 

ecotypes “lead” involves 

swimming toward nest 

quickly and deliberately.

Females follow at 

normal range.

Three-spined

Common & White

fig 10

Dispersal vs. Nesting

fig 10 Parenting values for the three stickleback populations. 

Each point represents an individual parenting male. Males are classified by 

whether they dispersed at any point during parenting on the x axis, with no 

consideration given to where and when they dispersed in this figure. 

Nesting time on day 4 is representative of overall parental effort. 

fig 5

Blackspotted
fig 5 

Blackspotted males 

“vibrate lead” females 

by vibrating consistently 

while gradually moving 

towards their nest.

Interested females 

maintain physical 

contact with male while 

“angling up.”

source: Bell Lab, UIUC

fig 1

fig 1 male commons retain 

high levels of parental care

(fanning = oxygen, O2)

source: Bell Lab, UIUC

fig 2

fig 2 male whites lost 

parental care completely

(disperse eggs from nest)

source: cropped from mkkennedy via 

iNaturalist, ©2020

fig 3

fig 3 male blackspotted

possibly intermediate

in behavior?

fig 7

fig 7 Common three-spined males: fanning.

Fanning creates a current over the nest to 

aerate the embryos inside. 

Commons

fig 8

fig 8 White three-spined males: 

disperse eggs outside of the nest. 

Whites

fig 9

fig 9 Blackspotted males: fanning & 

dispersal & nest quivering.

Nest quivering is hypothesized to aid in 

breaking up clutches. 

Blackspotted

fig 12

Timeline of Dispersal

fig 12 The amount of dispersal performed by each population twice daily for 4 days. Circled numbers signify 

percentage of egg dispersals observed in corresponding population on that day. Dispersal ceased in all 

populations by the end of day 4. Commons did not disperse at all. Whites dispersed exclusively within 24 hours 

of fertilization, or “Day 0.”

Typical Clutches From All Three Populations
fig 11

fig 11  A) Common three-spined: embryos in clumps.

B1) Blackspotted (absence of parental care): embryos mostly in clumps, maybe a few singlets. 

B2) Blackspotted (presence of parental care): embryos as singlets, clumps broken up by parent. 

C) White three-spined: embryos as singlets. 
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A B1 C

fig 6 Courtship differences between the three stickleback populations. Each point represents an individual courting male. 
A. Bites directed towards a female during courtship. Only whites and blackspotted significantly differed in bites (t72 = 3.58, p = 

0.0018). B. Nesting significantly differed with whites and blackspotted spending less time nesting than commons (t72 = 3.006, p = 

0.0101; t72 = 3.058, p = 0.0087). C. There is no significant difference between whites and commons, as neither of them performed 

any vibrate leads, but blackspotted do differ significant from both populations (F2,72 = 23.96, p < 0.001). D. Zigzags differed 

significantly with commons and blackspotted performing less zigzags than whites (F2,72 = 24.68, p < 0.001). 
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