Introduction:
Certain preferentially outcrossing simultaneous hermaphrodites are capable of self-fertilization. While

self-reproducing organisms transmit two sets of genes to offspring, often inbreeding depression leaves
outcrossing the better strategy. The accepted model to optimize self-reproductive delay fails to account
for certain organisms’ response to predators. In this poster, we discuss the theoretical implications of
incorporating this response, including life history scenarios and the existence of hysteresis, the lack of
reversibility as a parameter 1s varied.

Model:

In previous research, Tsitrone et al. constructed a mathematical model for optimal mating strategies in
simultaneous hermaphrodites, using Physa acuta for testing.! > We have exchanged Tsitrone’s constant
mortality rate for a linear piecewise function, with a few related additional changes to the rest of the
model, resulting in the following:

Average Number of Offspring in a Lifetime:

Ro(r) = /O T ( / ml(azju)bo(az?u)dm) Fu)du +

Instantaneous Rate of Gene Transmission:

Outcrossing: Selfing:

0, r <t
2(1 = 0)c(1 4+ kyrt), x>t

0, r <t
c(l1+krt), x>t
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Model Predictions:

Our recent work on the model has been focused on r, the fraction of resources invested in size. While
other parameters, such as predation rate or mate encounter rate, represent environmental factors, r
represents various behavioral and physiological attributes of the organisms themselves, and, as such, can
be selected for and optimized. Unfortunately, as our outer integrals cannot be analytically solved, we
cannot analytically optimize r, and must instead use numerical optimization.

Below we present the results » sweeps 1n different environmental scenarios. e and k_are the two

. . . . . %
parameters that vary from sweep to sweep, while the remaining columns are various values of interest: r
% . . . % % . .
and 7~ are the optimum r- and 7- value, respectively; R, 1s fitness at r* and 7. The remaining two values
. % % % % . . . . % %
are derived from r and 7. (r ® ') represents comparative “size”, and likewise (1-r") T~ “defense”.

Scenario e k. k, r T R, rert  |(1-r)"
No Predator 0 0.1 0 1.0 30.0 400.4 30.0 0.0
Newt 3/7 0.2 0 1.0 30.0 101.4 30.0 0.0
Fish 3/7 -0.2 0.2 0 5.0 60.0 0.0 5.0

In each of the above scenarios:
c = 18, m, = 0.05, e=1, e = 0.1, kr =0.1,0=0.8

Another prediction of interest 1s 1n organism’s investment strategy. As discussed above, r 1s a parameter
that can be optimized by natural selection, and as such, we present some sweeps of how optimum r values
change as the ratio of the defensive parameters, k_/ k , changes.
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Two Physa acuta snails

Experimental Results:
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Figure 2a. The top bar graph is age at first
reproduction for Physa acuta snails reared in

three different predator-cue treatments and
with/without access to mates. The bottom bar

graph depicts eggs laid at first reproduction

by Physa acuta snails reared in three different

predator-cue treatments and with/without

access to mates.
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Figure 2b. The top bar graph depicts the
shell length at first reproduction for Physa
acuta snails reared in three different
predator-cue treatments and with/without
access to mates. The bottom bar graph
illustrates shell thickness at first
reproduction for Physa acuta snails reared
in three different predator-cue treatments
and with/without access to mates.

f(u) = emexp(—enu) ; [(x,t) =exp |— x m(v,t)dv
: - Jo i
"""""""""""""""""""""""""""""""" Morality:
mo + ee,(1 — ky(1 —r)x — kyrxe), x < min(t, 7,
i) = mz + eeiﬁ_ - kjEﬁ_ — fr‘;t — /fg‘i)? r > minEt,TC;
Parameters:
C: Baseline Reproduction e : Mate Encounter Rate
m, Baseline Mortality e : Predator Encounter Rate
k: Resource Allocation Efficiency| - Predator Success Rate
K Size Defense Efficiency | 5- Inbreeding Depression
Kk, Other Detfense Efficiency |r: Resources Allocated to Growth

€p

0.01

0.05

In the left hand column:

c=18,m,=0.05,¢= 1,

k,=0.1,e =0.1,k =0.1,

0=0.8

In the right hand column:

c=18,m =0.05c=1,

k,=0.1,e =001,k =0.1,

0=10.75

—— Optimum r Value

In addition to our analytical work, we have recently completed some experimental model validation, some results
of which are displayed above. The comparison between our model and the experimental results 1s mixed, and
we’ve no analogue for fitness. By parts:

Age at first reproduction: Our model predicts 7, which, in the above results, 1s the difference between the No
Mate and Mate columns. There 1s no statistical significance between the two in the Newt and Fish cases, which 1s
not terribly out of place for the Fish, but significantly different than our predictions for the Newt. There is a
significant delay in the No Predator case, which 1s expected.

Shell Length: Our model predicts size to be roughly equal 1n the No Predator and Newt cases, with the Fish case
to be significantly less. Averaging between the Mate and No Mate cases 1n each of these scenarios, this correlates
with the experimental data.

Shell Thickness: As shell thickness corresponds to the snails’ main defense mechanism—other than size—our
model predicts the No Predator and Newt cases to have the same thickness, and the the Fish case to have some

defense built up. This 1s reflected in the data.
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