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Abstract

Comparisons of 3D shapes have recently been applied to diverse anatomical structures using landmarking techniques. However
discerning evolutionary patterns can be challenging for structures lacking homologous landmarks. We used alpha shape analyses
to quantify vaginal shape complexity in 40 marine mammal specimens including cetaceans, pinnipeds, and sirenians. We explored
phylogenetic signal and the potential roles of natural and sexual selection on vaginal shape evolution. Complexity scores were
consistent with qualitative observations. Cetaceans had a broad range of alpha complexities, while pinnipeds were comparatively
simple and sirenians were complex. Intraspecific variation was found. Three-dimensional surface heat maps revealed that shape
complexity was driven by invaginations and protrusions of the vaginal wall. Phylogenetic signal was weak and metrics of natural
selection (relative neonate size) and sexual selection (relative testes size, sexual size dimorphism, and penis morphology) did
not explain vaginal complexity patterns. Additional metrics, such as penile shape complexity, may yield interesting insights
into marine mammal genital coevolution. We advocate for the use of alpha shapes to discern patterns of evolution that would

otherwise not be possible in 3D anatomical structures lacking homologous landmarks.

Hosted file

alpha shapes Final.pdf available at https://authorea.com/users/369714/articles/488536-3d-
genital-shape-complexity-in-female-marine-mammals

Trichech
== Eumetopias jubatus
|| L Zalophus californianus

e riohoencanps
Phoca vitulina

| M no gli
‘ I; Eschrichtius robustus

Kogia brevicep:
== L Mesoplodon densirostris
P ph

| ===/ agenorhynchus albirostris

I Orcinus orca
Lagenorhynchus obscurus
Lagenorhynchus obliquidens
Stenella attenuata

Tursiops truncatus

Stenella coeruleoalba

Delphinus capensis

Delphinus delphis
0.48 mean alpha complexity 1.02


https://authorea.com/users/369714/articles/488536-3d-genital-shape-complexity-in-female-marine-mammals
https://authorea.com/users/369714/articles/488536-3d-genital-shape-complexity-in-female-marine-mammals

Data ma;

thout permission

ed. No reus

funder. All rights reser

2020

Posted on Authorea 23 Oct

PC2 (17.81%)

o
n

[1uuncaius RN

:

4 (Gross complexity

Mes.densirostris
o

D.delphis
\

D.capensis

 Meg.novaeangliad O.orca @ Z.californiaus |
L] [} ®
YT  apimrem YR
.delphis
o ' X
E5hictcens e
Pophocomna JIE T e, JETEY oz iuinal
7

)
4l S.coeruleoalba °

Koo oY% oo
o

truncatus

S.attenuata

° °
L.albirostris

L.obliquidens
L]
o

L.obliquidens §%

L]
°
L.obliquidens .

4—— Fine-scale complexity

0
PC1 (78.68%)




Data may

5992.27032;

1.160:

https

thout permission

1. No reuse v

erve

All rights re

funder

2020

1 23 Oct

e

osted on Auth

log4o vagina alpha complexity

o
-~
Bﬁ

S
o

n
T

o
T

o
o
1

L

.

blunt

tapéred

ﬁlifc.)rm

penis morphology

Alpha-shape volume
(ratio of original mesh volume)

magnified area

S,

Refinement coefficient (k)

1.08
| | = Trichechus manatus
—— Phocoena phocoena 1.06
——— Zalophus californianus
1.04
1.02
1
g e %{/
/ 0.96
. . . . )
10° 10 102 10° 10* 1 15 2 25



ed. Data may be preli

This a preprint and has not been peer re

iy
b

5

doi.org/10.22

https:

reserved. No reuse without permission.

=

o1 is the author/funder.

=

Posted on Authorea 23 Oct 2020

PC2 ( 17.35%)

L.obscurus

Tr.manatus

Mes.densirostris

N
5 o
D.delphls
Ry
Meg.novaeangliae \
\
Eu jubatus
3 °

H.
S.coeruleoalba sl
L]

L3
°

L]

0
PC1 (80.38%)




