An example An example
stage & M, ) ) . Lo .
0 1500 0 « Giventhese data answer the following « What proportion of individuals survive to age 2? (l,)
1200 2 — What rtion of individual ive t _ = = =
N 2 bt da)propo ion of individuals survive to age l,= a,/a, = 200/1500 =13.3%
3 100 6 sz
4 50 2 — What proportion of 2 year olds die before
5 10 1 reaching age 3? (q,) stage & I
— Whatis the expected lifespan? (e;) 0 1500  1.00
— How many total offspring are produced by the ; zgg g:ig
third year class? (f5) 3 100 0.07
— s the population growing or shrinking? (Ro) ‘; ig g-gi
— Whatis the generationtime? (T) '
— How large will the population be in 243 years?
(U]
— How long before the population doubles? (r)
An example An example

— What proportion of 2 year olds die before reaching age 3? (q,)
— 0= a1/, = 100/200 =50%

stage  a, I dy [N
0 1500 1.00 0.80 0.80
1 300 0.20 0.07 0.33
2 200 0.13 0.07 0.50
3 100 0.07 0.03 0.50
4 50 0.03 0.03 0.80
5 10 0.01

— Whatis the expected lifespan? (ey)
* L= (@dtan)2
* e, =Sum(Ly/a,
¢ €,=(900+150+150+75+30)/1500 = 1405/1500 = 0.94

stage & I dy G Ly &
0 1500 1.00 0.80 0.80  900.00 0.94
1 300 0.20 0.07 0.33 250.00 1.68
2 200 0.13 0.07 0.50 150.00 1.28
3 100 0.07 0.03 0.50 75.00 1.05
4 50 0.03 0.03 0.80 30.00 0.60
5 10 0.01




An example

— How many total offspring are produced by the third year class?
(fs)

- fx: mx*ax

— fz3=mg*az = 6100 = 600

An example

— Is the population growing or shrinking? (R)
— Ro=Sum(l,m))
— Ry=0+0.4+0.4+0.4+0.07+0.01=1.28

stage  a, I d, 0 Log,@d Logyd, Kk M, fo Lme xm,
— | d q M, f 0 1500 100 080 080 318 000 070 O 0.00
Womy A om oml o 1 300 020 007 033 248 -0.70 017 2  600.00 0.40 0.40
10500 020 007 o033l 2 60000 2 200 043 007 050 230 -088 030 3 600.00 040 0.80
2 20 013 007 050 3  600.00 3 100 007 003 050 200 -118 029 6 600.00 040 1.20
3 100 007 003 050 6  600.00 4 50 003 003 080 170 -148 066 2 10000 007 0.27
4 50 003 003 080 2  100.00 5 10 0.01 100 -2.18 1 10.00 001 0.3
5 10 0.01 1 10.00
An example An example
— Whatis the generation time? (T) — How large will the population be in 243 years? (r)
— T=sum(xl,m)/sum(l,m,) — r=InRy/T
- T=2.7/1.27=2.12 - r=In(1.27)/2.12=0.114
— NENget
_ = 114+243
stage  a, I, d,  q  logg@ Log, Kk, M, f o Im  xm, Nz45=1500 &
0 1500 100 080 080 318 000 070 O 0.00 — Nyy3 = 1500 2707
1 300 020 007 033 248 -070 017 2  600.00 040 0.40 _ 8.56x 101
2 200 043 007 050 230 -088 030 3 600.00 040 0.80 :
3 100 007 003 050 200 -118 029 6 600.00 040 1.20
stage  a, I d, 0 Logi@d Logyd, K M, fo Lme xm,
o =L g'gi COSR0S0 i'gg ';‘1‘2 s i 128'88 g'gz g'ég 0 1500 100 0.80 080 318 000 070 0 0.00
5L10 - 00 -2 : - : 1 30 020 007 033 248 -0.70 017 2  600.00 040 0.40
2 200 013 007 050 230 -088 030 3 600.00 040 0.80
3 100 007 003 050 200 -118 029 6 600.00 040 1.20
4 50 003 003 080 170 -148 066 2 10000 007 0.27
5 10 0.01 100 -2.18 1 10.00 001 0.3




An example

— How long before the population doubles? (r)
— Double time = 0.69/r = 0.69/0.114 = 6.05 years

ot an niana of Gopherus bertanaier: to contribute to the
study of evolution of turtle life histories. Data were gathered during a mark—recapture and
radiotelemetry study in the Tamaulipan Biotic Province in southern Texas, USA. A total
of 835 individuals were captured, measured, and their ages estimated. Females matured at
131 mm carapace length at an average of 5 yr of age (range: 4-8 yr). Clutch size, as
determined by ultrasound, averaged 2.07 * 0.5 eggs (n = 49). No nests were found, and
we estimated clutch frequency with a quadratic model to be 1.34 clutches-female !-year .

stage a, I, d, q, Log,a, Log,l, kK M, f, Lm,  xl,m, Survival was estimated from age frequency regression and telemetry. Annual male survival
(0.828, 0.834) differed (P < 0.05) from female survival (0.728, 0.774) for both techniques
0 JESCCIEC OO R0 0RO S O L0 B0 OO0 O 000 of estimation. Age-specific female survival ranged from 0.62 to 0.83 for 5- to 15-yr-old
1 300 020 007 033 248 -070 017 2  600.00 040 0.40 tortoises. Differential mortality of sexes led to a male-biased sex ratio in older age classes.
2 200 0.13 007 050 230 -0.88 0.30 g 600.00 0.40 0.80 Age structures of captured individuals did not vary (P > 0.05) among years, and population
3 100 007 003 050 200 -1.18 0.29 6 600.00 0.40 1.20 :slimal? didr noll l::lffcr amongl {;ars(; |hc(l;cll;t)m‘:} \évc f:‘nslmclcdla life lap]elt}nder tth
assumption of a stationary population (r = 0.0). Under this assumption, survival from nes|
4 50 g-gi 003 080 i-gg ';-‘IZ 0.66 i 128-38 g-gz g-g; 10 age 4 yr must be at least 0.245, with hatchling survival of 0.528 to maintain a stationary
5 10 X d 2. ! ! !

population. Gopherus berlandieri matured at an earlier age, had smaller clutch sizes, and
exhibited lower rates of female survival than other Gopherus species. We propose a phys-
iological mechanism for lower female survival that implies trade-offs among egg size,
subsequent hatchling survival, and female health. We maintain that high hatchling survival
is necessary for i it In an i context, we theorize that the
selective advantages of small size and the life history strategies of G. berlandieri have
been and are critical to its persistence.

Key words:  demography; Gopherus berlandieri; life history; life table; sex ratio, age variation;
species persistence; turtle.

Life table analysis
TaBLE2. Yearly age distribution of captured Texas tortoises TABLE 6. Life table for Gopherus berlandieri at the Chaparral Wildlife Management Area in southern Texas based on
ot the. Chapareal Wildlife Management Arca. Dimmit and After Congdon ct al. (1993), we solved for hatchling demographic parameters reported in text, and varying the intraseasonal clutch frequency
LaSalle Countics, Texas, from April 1994 to September ~ Survival in Euler’s equation, 1 = 2e/,m,, while hold-
1997. ing the exponential raie of increase (r) at zero. When Clutch frequency = 1. 1/yr Clutch frequency = 1.34/yr Clutch frequency = 1.9/yr
r =00, we had 1 = XI,m, where I, was the product
Age 1994 1995 199 1997  Total of annual survival rates through age class x and m, Age kL ™ Loy 4 ™ Lo L " b
0 0 2 0 2 n was the fecundity of a female of age x. This led to 0 1.000 00 1,000 0.0 1.000
1 2 1 1 2 s 1 0.643 0.0 0.528 0.0 0372
2 9 10 8 15 38 Sy Ssma s E s m, 2 0.498 0.0 0.408 0.0 0.288
3 24 23 16 58 106 . 3 0.385 0.0 0316 0.0 0223
1 29 28 25 5 122 where s, was hatchling survival (survival to 1 yr), and 4 0.298 0.041 0.012 0.245 0.050 0.012 0.173 0.012
5 20 33 32 43 120 5, was adult survival. We also assumed that juveniles 5 0.246 0.229 0.056 0.202 0.279 0.056 0.142 0.056
6 2 27 2 28 94 (1-4 yr old) had survival rates equivalent to the average 6 0.203 0.657 0.133 0.167 0.800 0.133 0.117 0.133
7 17 21 24 12 90 adult survival rate (S = 0.774; see Results, Repro- 7 0.167 0.940 0.157 0.137 1.145 0.157 0.097 0.157
$ 3 10 : 2 i duction section). Survival rates of juvenile desert tor- N 0 los e o 0ose 135 o bone o
10 15 3 7 8 37 toises (0.77-0.80) were of this magnitude (Turner et 10 0063 1099 o072 0053 1339 0.072 0,038 0,072
11 6 8 8 9 25 al. 1987, Heppell 1998). The above was solved alge- 11 0.047 1.249 0.059 0.039 1.522 0.059 0.027 0.059
{% ;‘ (‘) ‘2‘ ‘; lg braically to yield 12 0.040 1.280 0.051 0.032 1.559 0.051 0.023 0.051
1 5 0 3 H N _ - 13 0.032 1472 0.048 0.027 1.793 0.048 0.019 0.048
14 3 o H H H S = Umy + s+ s, 14 0.027 1.472 0.039 0.022 1793 0.039 0.015 0.039
P 3 ) . . 15 0.022 1.472 0.032 0.018 1.793 0.032 0.012 0.032
16 1 o 2 2 5 Vi
7 0 | 0 0 | This was the hachling survival rate that would give 16 0.018 1472 0.026 0.015 1.793 0.026 0.010 0,026
stability at the specified values for s, and 17 0.014 1.472 0.020 0.011 1.793 0.020 0.008 0.020
Note: Some rows do not add to “Total” because individuals  m,. Analyses were conducted through age 20. 18 0.011 1472 0016 0.000 1.793 0.016 0.006 0.016
recaptured in different years were counted only once for sum- 19 0.008 1472 0012 0.007 1793 0.012 0.005 0.012
20 0.006 1472 0.009 0.005 1.793 0.009 0.004 0.009
Notes: The study population was estimated at a clutch frequency of 1.34/yr. The first four I, values assume maintenance
of a stationary population of tortoises. Life tables for 1.1 and 1.9 clutches per year are also presented; these bracket estimates
for G. agassizii (Turner et al. 1986).




Population Projection Matrix

Where:

P,-probability of survival
atage x

G,-probability of growth
to age x+1

M,-fecundity at age x

Reproductive value

R and r deal with populations, fithess acts on individuals...
Reproductive value (Rv) = a composite measure of individual fitness

Rv = sum of the current reproductive output and the residual reproductive output

based on expected survival and fecundity schedules.

Rv, = m +

/

Current
birth rate

Y=Ymax |
A
I

y=x+1

Sumover
expected

remaining
years...

m, R™”
|

Expected reproduction
atremaining age
classes, modified by
population net rate (R)

X

Reproductive Value

« Combines survivorship
and reproductive output
into a fitness equivalent
for age categories.

Trade-off — cost of reproduction

Life history trade-offs —
negative relationships
between the effects of two
life history traits on fitness.
— Eg. growth and
reproduction
Cost of reproduction —
allocating energy to
reproduction must
ultimately decreases
survivorship, not
necessarily fitness
Thus, spending more on
reproduction now reduces
your future reproductive
value




Trade-off - investment in individual offspring

« Few large offspring with greater individual fitness vs. many smaller
offspring with lower individual fitness

« The evolution of life history strategies is largely determined by
these trade-offs.

Evolutionary Trends in Life Histories

* Predation gradient:
— C - large predators targeting
adults
— R - moderate sized predators
targeting juveniles
— A—low overall predation on
all size classes
* RA = reproductive allotment
« Bd. Interval — time between
broods

Environmental correlates

« Low reproduction and high growth favored:
— Intense competition -> largest (most competitive) individuals can
monopolize limiting resource and maximize reproductive value
— Selective pressure against juveniles or small adults -> delayed
reproduction to maximize growth increases reproductive value
« High reproduction and low growth favored:
— High density independent mortality -> reproduce as soon as
possible
— Low competition, first come first serve -> reproduce as much as
possible as soon as possible
— Selective pressure against larger individuals -> stay small longer
to reproduce more




Life history evolution

Iteroparity (low reproduction, maximize growth) vs. semelparity (high

reproduction, minimize growth)

R and K selection (MacArthur and Wilson 1967; Pianka 1970)

er-selected

«Unpredictable environment
«Variable population size

«Low competitive ability

*Small body

*Rapid maturation

«Shortlife span

*Many, small young (high fecundity)
«Parental care rare

«Type lll survivorship

*K-selected
«Predictable environment
«Stable populationsize (near K)
*High competitive ability
sLarge body
«Slow maturation
«Long life span
*Few, large young (low fecundity)
«Parental care common
*Type | survivorship

Allometric and Phylogenetic Constraints

Density dependent vs. density independent

Both negatively impact populations growth/size
If the impact worsens with greater density it's density dependent

— Disease
— Competition
— Famine

If the impact does not vary with density it's density independent

— Disturbance - fire, flood, etc.

Types of Competition
« Types of resources —

« Exploitative — Use a resource more efficiently before a competitor
has a chance

« Interference — physically prevent a competitor from having access
to a resource




Why don’t we observe continuous exponential growth?

« Competition for limited resources

« Carrying capacity —the number of individuals of a species that can
be supported by available resources in a habitat

Density dependent effects

Natural populations usually
exhibit sigmoid growth curves.

Usually levels off at K (carrying
capacity)

Implication is that mortality
increases and birth rates
decrease as you approach K.

Equilibrium: R=0 when
births=deaths

Density dependence

« How does mortality (or reduced growth, reduced reproduction
...etc.) change with density?
— 1. Undercompensate
— 3. Overcompensate
— 4. Exact compensation

Net Recruitment

Low density — not
enough adults to have
highest possible
recruitment, recruit
mortality low

High density — plenty of
recruits, density
dependent mortality
results in low recruit
success

Recruitment maximized
at intermediate densities
— dome shaped
distribution.




Types of Competition

« Interference vs. exploitative

« Intraspecific vs. Interspeific

* Asymmetric vs. Symmetric

« Scramble vs. contest

Intraspecific competition

« Expected to be more
severe than interspecific

« Can effect growth,
survivorship, fecundity, etc.

* Expected to change as a
function of density (density 9
dependent effects)

« Relationship between
density and the effects of
intraspecific competition
not expected to be linear.

Standard Length

Quantifying Intraspecific Competition

* Recall K values — killing power

* k=log(ay-log(ay.s)

« Substituting A for a, and B for a,,,
* k=log(B/A)

* b —slope of the density-k line
¢ b<1-undercompensating

* b=1-exact compensating

* b>1- overcompensating

*Note — same idea applies to
growth, fecundity or any measure
of fitness. Thisis just an example
using mortality. We will use k as
our measure of competition.

Intraspecific competition in discrete breeding

*« A=popsizeatt=0
« B=popsizeatt=1

« Ratio of # surviving, inverse of N,
R

< Eg.
— if R=1, population stable, A=B,
slope=0
— AsR increases, population
growing, A<B, slope increases

«  WhenNgz=K
— R should be modifiedto 0
N
t =10
N




Intraspecific competition in discrete breeding

Modifying this equation:

N, = R* N,

[
e RN 2
To include modifications of Now o K N
population growth due to K, give
you:
1 1
N "R 1
_t - *N o+ —
t
N1+1 K R
{ ‘ [ Simplifying [a=(R-1)/K]:

N, R
L+ aN,)

Showing populationincrease is limited by
intraspecific competition.

Rate of Slope* N +1R _
change t+1

Time Lags

« A problemwith this modelis that K N
(whichis incorporated into a) is
assessedalong with N,

N, = R
t+1 © (1+ aNt)

« Biologically, we know that
competitionin time t is most likely
to affect populationsin time t+1

N, R
« Thus, we modify this to include a

N =
timelag t+1 (1+ aNt- 1)

Intensity of competition

* Recall
— b - slope of the density-k line
— b<1- undercompensating
— b=1- exactcompensating N
— b>1- overcompensating

R

t

« Needto incorporate b into our
model.

N -
1 (1+aN,)’

Chaos

« Populationsdo not realistically
follow this model.

« Typicalto have “good” and “bad” N R
t

years due to other biotic and
N t+1 = b
@+ aN,)

abiotic factors
* Modelthis as random variationin
R

SPREADSHEET EXAMPLE




Patterns emerging from the model

« Modifying R (potential rate or population increase) and b (strength of
intraspecific competition) yields 4 basic patterns of population size
over time.

Incorporating Density dependent factors — Lotka-Volterra Model

Ny
at "

WRONG EQUATION

d—N—rN 1 £
dt N

Real Population Deviations from Models

« Practical problems with assessing abundance (N)
— Distribution of organisms not even
« Assumptions of Immigration = Emigration
« Size differences and ontogenetic effects
« Asymmetric competition
« Exploitative competition and preempting resources
« Models not spatially explicit
— Eg. Territorial species
« asymmetricinterference contest competition for limited space
« Number of acceptable territories determines populationsize

« Individualterritory size determined by fitness tradeoff between cost
of defending/maintaining territory and reproductive benefit

10



