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Life History Strategies

Outline

* What is a life history strategy?
* Diversity of life cycles

— Stage structure

— Participants

— Evolutionary Implications

— (Conservation implications)
* Heterocrony

— Paedomorphism

— Paedogenesis

What's a life history strategy?

e “Life history strategies describe the

anatomical, physiological, and behavioral
adaptations controlling how individuals invest
in reproduction and self-maintenance [growth
and survival] in response to environmental

conditions.”
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* Mode of reproduction
* Breeding phenology
* Mate attraction/recognition
* Mode of fertilization
* Egg size/nutrient investment
* Clutch Size
* Parental Care
e Stage Structure
— Number of stages
— Aquatic/terrestrial
— Age/Stage of sexual maturity
— Length of time in stages
* Post-reproductive behavior
Lifespan/senescence

Ultimately, all
of these traits
correspond to
variation of
investment to
growth,
reproduction,
and

survivorship.

Why a complex life history?

e “.. acomplex life cycle with metamorphosis
can be seen as an adaptation that permits
independent responses of different life history
stages to selective pressures in different

environments.” (Wells, 2008)

Marbled salamander ”Typical” Life CYC|e

(Ambystoma opacum)

= Adultm
Adult F

Aquatic
Larvae

(feeding) o

* Occurs in Anura,
Caudata, and
Gymnophiona

* Most common life
cycle in
amphibians

* Thought to be
ancestral
condition
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“Typical” Life Cycle with Non-feeding Terrestrial
Larvae

* Occurs in some
Anurans

Adult M
Adult F

Reproduce

]

Eggs
(Terrestrial)

) Hatch
Metamorphose Terrestrial

Tadpoles '

(non-
feeding)

Multiple Metamorphoses

* Notophthalmus

Adult M viridescens
Adult F

(Aquatic) Reproduce

* First metamorphosis
occurs 2-3 months
after hatching.

M, , Growth

Terrestrial
Eft

Eft stage may last
anywhere from 1-7
years, or the newt
Aquatic can forgo the

SRS terrestrial stage all
together (neotenic
adults)

(non repro)

)

(feeding) (%"

Direct Development

* “If an animal after [live] birth or emergence
from an egg differs from the adult in
comparatively minor details (apart from not
having functional sex organs), the
development is said to be direct. There is no
larval stage and no metamorphosis.

(Encyclopedia Britannica)
e Important survival implications.
— Water availability is variable
— Fierce aquatic predation
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Direct Development via Terrestrial Eggs

Adult M
Adult F

Juveniles Eggs
(terrestrial) (terrestrial)

Red-backed salamander
(Plethodon cinereus)

Found in
Salamanders,
Frogs, and
Caecilians.

In salamanders,
only occurs in
Plethodontidae
Famous example in
anura is
Eleutherodactylus
Evolutionarily
successful

Horned marsupial frog (Gastrotheca cornuta)
Dorsal Brood Pouch, toadlets emerge.

DIRECT DEVELOPMENT

Andean marsupial tree frog (Gastrotheca
riobambe) Dorsal Brood Pouch, tadpoles
emerge in water and metamorphose.

NOT DIRECT DEVELOPMENT
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Direct Development via Live Birth

* Found in an extinct
Eleutherodactylus
and a few African
toads.

* Viviparous or

Adult M ovoviviparous
Adult F

Grow

Western Nimba toad
(Nimbaphrynoides occidentalis)

Live Birth With Aquatic Larval Stage

Fire salamander

(Salamandra salamandra)  Found in 2 Caudate

genera

N * May be ovoviparous,
AdultM =~ 2T e or viviparous
Adult F 283/ (oophagy or

adelphophagy) or a
Growth ‘ ' Birth combination of the

two even within the
same species.

Aquatic
‘ P °© !n very rare )
i instances, may give
) birth to fully
Metamorphosis
metamorphosed

juveniles (DD).

Fire Salamander (Salamandra salamandra)
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Hemotrophic Nutrient Ex

* 2 species of toads (Nectophyrng
occidentalis and N. liberiensis)

* Viviparous
* Pregnancy can last up to nine

* Tadpoles develop inside the oviducts and first
use up their yolk reserves and then feed of
“uterine milk” secretions produced by glands
in the oviduct walls. (Xavier, 1986)

Alpine Salamander
(Salamandra atra)

Uterine eggs (ovoviviparous) large and
numerous but only one will develop. Rest
dissolve to form nutritive vitelline mass.
Pregnancy lasts 2-3 years.

. Still enclosed within
own yolk
2. Free, within vitelline
directly by mouth
3. Possesses long exter|
an exchange of nutri
maternal uterus (chd
mammalian egg)

=

* All members female hybrids

@ Gynogenetic Life Cycle
|

¢ Male sperm triggers female
Unisexual repro_dgction, but no paternal
Grow, Reproduction DNA is incorporated

’ * Populations are genetically
identical
Eggs
* 4 species of Ambystoma
‘ ‘ known to participate

* Ambystoma tigrinum
Metamorphose  @CTIELT Hatch * Ambystoma
Larvae Jjeffersonianum
* Ambystoma laterale
¢ Ambystoma texanum

(feeding)
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N ’— Heterochrony
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1
Changing in timing or rate of growth of a trait
with respect to an ancestral trait.

Differences in morphology between species can
be explained by changes in ontogeny.
Important in amphibians are 2 types

— Paedomorphosis

— Paedogenesis

Usually used in context in which sexual maturity
is achieved while larval characteristics are
retained

**Paedomorphosis™*

Paedomorphosis

An interspecific process reflecting change over
evolutionary time.

Compare a paedomorphic taxon with its
immediate non-paedomorphic ancestor.
-Paedomorphic if we observe truncation; if a
trait fails to develop to the point observed in
an ancestral species.

“Retention in adults of any traits that occur only
in earlier developmental stages in an ancestral
species” (Wells, 2008)

“Full metamorphosis” never occurs.
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Sirenidae Proteidae

Axolotl (Ambystoma mexicanum) Georgia Blind Salamander (Eurycea wallacei)

Aphiumas, cryptobranchids,
and some caecilians exhibit
some paedomorphic traits,
but their morphology is not
so fully larval as the other
mentioned taxa.

Proteidae

Axolotl (Ambystoma mexicanum) Georgia Blind Salamander (Eurycea wallacei)

Paedogenesis (Neoteny)

* An intraspecific process reflecting change over
ecological time.

¢ Individuals within populations of a species
retain larval characteristics while achieving
sexual maturity, and may or may not undergo
“complete” metamorphosis, depending on
environmental conditions.

¢ Sympatric populations of “larval” adults and
fully metamorphosed adults.
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Paedogenetic Life Cycle

* Larvae

(feeding)

Tiger salamander (Ambystoma tigrinum)

* Paedogenesis example

* https://www.youtube.com/watch?
v=asOCVEAwsCA

e 1:37-3:35

References

* Encyclopedia Britannica: Direct Development

e Dr. Ecternacht’s lecute (thanks!)
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