Variations in Ry

The reproductive fitness function (Rs;) was calculated as the product of two functions:
Ryit(FILmothers Lyetus) = T(F|Lmotner) * T (Lretus)
Where 7(F |Lyotner) 18 the probability of successful reproduction as a function of maternal fat
mass when the female stops foraging () for a given maternal length (Lnomer), and r(Lfetus) is the
probability of successful reproduction as a function of fetal length when the female stops foraging

(Lfetus)- We investigated changes in foraging location and annual reproductive success for three

Ry functions using different combinations of two 7(F|Lyotner) functions and three r(Lfetus)
functions.

Villegas-Amtmann et al. (2015) calculated r(F|Lypotner) using a distribution of maternal
lengths and assumed a female utilized stored energy for her own metabolic needs before
provisioning her fetus or newborn calf. McHuron et al. (2021) used the same 7(F|Lyother)
calculations but used a maximum fat mass (Fyuax 202/) that was 89-94% of maximum fat mass
estimates in Villegas-Amtmann et al. (2015) (Fmax 2015, Table S1). We increased 1 (F|Lyother) by

shifting the reproductive function over by the difference in maximum fat mass estimates.

Tnew (F|Lmother) = Told(F + (Fmax 2015 — Fmax_ZOZl)ILmother)
The shifted method essentially reduced the amount of fat needed to successfully reproduce by
reducing over-winter female metabolic needs, reproductive costs, or a combination of both. The
mean increase in ' (F|Lyotner) ranged from 0.008 to 0.081 depending on maternal length (Table
S1). For maternal lengths greater than 11.5 m, the shifted reproductive success for a given mass

and length was roughly the same as the original reproductive success for a given mass and length

one meter shorter: Ty, (F|Limother) = Toa (F|(Lmother — 1)) (Fig. S1).



We used a sigmoid function for r(Lfetus) with two variables: the fetal length at which the

probability of reproductive success is 0.5 (/59) and an exponent value (a) that describes the rate at

which reproductive success changes before and after /5.

a
'fetus

7"(Lfetus) =Ta 1 a
L%etus + l(510

A higher value of « indicates a higher rate of change with fetal length. In McHuron et al. (2021)
lsp=196and a=3 (r; (Lfetus)). The values of /59 and a are unknown, so we created an additional
function by changing /59 to 2.16 1, (Lfetus). A third function changing both parameters: /5o = 2.16
and a = 6 (r3(Lyerys ), Fig. S2).

Based on the value of Ry for longer fetuses, we defined the three Ry functions as

Low: Ryit(F|Lmothers Letus) = Tota(F) * 71 (Lserus) (McHuron et al. 2021),
Medium: Rfit(FleotherlLfetus) = rnew(F) ) (Lfetus)a and

High: Rfit(FILmother;Lfetus) = rnew(F) T3 (Lfetus)



Table S1. Maximum maternal fat mass by length estimated using two
different methods and the mean change in the probability of

reproduction as a function of fat mass by length after shifting the

function.
Maximum fat mass (kg x 10%) Mean change in
Maternal ~ Villegas-Amtmann McHuronetal.  r(F|Lpother)
length (m) et al. (2015) (2021)
11.0 7.6 7.2 0.008
11.1 7.9 7.4 0.011
11.2 8.2 7.6 0.015
11.3 8.5 7.8 0.018
11.4 8.7 8.0 0.022
11.5 9.0 8.2 0.027
11.6 9.3 8.4 0.031
11.7 9.6 8.6 0.036
11.8 9.8 8.8 0.041
11.9 10.1 9.1 0.045
12.0 10.4 9.3 0.050
12.1 10.7 9.5 0.054
12.2 11.0 9.8 0.059
12.3 11.2 10.0 0.063
12.4 11.5 10.3 0.066
12.5 11.8 10.5 0.070
12.6 12.1 10.8 0.072
12.7 12.3 11.0 0.075
12.8 12.6 11.3 0.076
12.9 12.9 11.6 0.078
13.0 13.2 11.8 0.079
13.1 13.4 12.1 0.081
13.2 13.7 12.4 0.081
13.3 14.0 12.7 0.080
13.4 14.3 13.0 0.080
13.5 14.5 133 0.079
13.6 14.8 13.5 0.078
13.7 15.1 13.9 0.076
13.8 15.4 14.2 0.073
13.9 15.6 14.5 0.071

14.0 15.9 14.8 0.068
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Fig. S1. The probability of successful reproduction as a function of maternal
mass at the time of departure from the foraging grounds given four
maternal lengths (7 (F|Ly,other))- Dashed lines are values for the original
function and solid lines are values for the shifted function. Graph shows

selected female lengths of 11, 12, 13, and 14 m.
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Fig. S2. Probability of successful reproduction as a function of fetal

length at the time of departure from the foraging grounds

(r(Lfetus)), Where r(Lfetus)—ﬂ . The three

L%etus'I'lgo
combinations of values for /59 and a represent r(Lfetus) for

the low, medium, and high Ry functions, respectively.



Determination of minimum limit on reproductive female length

SDP model results indicate female length affects reproduction, with smaller females less
likely to successfully reproduce. In addition, reproductive females are not identified in the field
until they have successfully reproduced (identified with a calf on the foraging grounds). Because
the length distribution of successfully reproductive females is likely longer than what was
originally sampled for the SDP model, we sampled from the original length distribution as well as
three additional distributions. The original length distribution from McHuron et al. (2021) was
normal with a mean of 12.7 m and 0.6 standard deviation, limited to a range between 11 and 14
m. The additional length distributions had the same normal mean and standard deviation but
limited the minimum reproductive lengths to 12.1, 12.7, or 13.0 m. The lower limits were
determined by estimating the length at which 50% of the females had successfully reproduced. To
estimate the proportion of females that had successfully reproduced as a function of length, we
combined the mean estimate of annual reproductive rate by length for the three fitness functions

(Fig. 2) with mean female length at age, determined by Agbayani et al. (2020):
Lremate = 13.06(1 — 9—0-18(t+5.09))

Where Lfmae = female length in meters, and ¢ = age in years. For both the medium and high
reproductive functions, roughly 50% of females had successfully reproduced by 12.1 m long (Fig.
S3). By 12.7 m long, 50% of all females under the original, low reproductive function had
reproduced successfully, while almost all females had reproduced successfully using the medium
and high reproductive functions. At 13.0 m long, all females had successfully reproduced for all

three reproductive functions.



1.0

— = Length

Length (m)

SDP fitness function

Proportion of females who
have successfully reproduced

— Original low

— High
[ [ [ [ [ [
5 10 15 20 25 30

Age (y)

Fig. S3. Length at age and the proportion of females who have successfully
reproduced by age, based on three reproductive fitness functions: original
(low), medium, and high reproduction by length. Points indicate lengths at
which 50% of females have successfully reproduced. Yellow dot is the
length at which all females have reproduced for all three reproductive fitness

functions.
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Fig. SS. Density of all possibly pregnant females in the nearshore area (Cells 1
- 7) over the foraging season, comparing SDP model predictions with
regression estimates from empirical data, assuming ideal sighting
conditions (visibility = 1, Beaufort = 0). Cohen’s d values > 0 indicate
a higher regression estimate than SDP model predictions, while Cohen’s
d values < 0 indicate a lower regression estimate than SDP model
predictions. Gray lines in Cohen’s d graphs indicate thresholds between
no-to-little effect (|d| < 0.2), small (0.2 <|d| <0.5), intermediate (0.5 <
|d| < 0.8), and large effect (|d| > 0.8). For density of known pregnant

females, see Figure 8.
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Fig S6. Proportion of the nearshore group that is pregnant as a function of
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Table S2. Bayesian model weights for estimating the proportion of pregnant females (pnear) in coastal nearshore cells (Cells 1, 3, 5,

and 7) via zero-inflated beta regression. Likelihood is

bio(pnearlaB' Up, 90) = {

f(pnearlﬂB: (p)"’Beta(.uB, (,0) and Syp

1—-ag

ifpnear =
an(pnearlllB' 90) ifpnear € (0'1) ’

0

where

¢0~Bin(5, aB)

The probability of seeing at least one pregnant female (a:z) and the mean of the beta distribution (us) were independently estimated as

functions of visibility, Beaufort sea state, week, and week?. Week and week? were orthogonally transformed to avoid correlation
between variables. The beta distribution precision parameter (p) was assumed constant.

Explanatory variables

Week?

Model weights
Known pregnancies

All possible pregnancies

Model # Visibility Beaufort Week OB UB OB UB
1 0.000 0.407 0.000 0.003
2 X 0.000 0.592 0.225 0.568
3 X 0.000 0.000 0.210 0.188
4 X 0.221 0.000 0.000 0.211
5 X X 0.000 0.000 0.000 0.000
6 X X 0.304 0.000 0.001 0.000
7 X X 0.000 0.001 0.000 0.000
8 X X X 0.113 0.000 0.130 0.000
9 X X 0.362 0.000 0.272 0.031
10 X X X 0.000 0.000 0.000 0.000
11 X X X 0.000 0.000 0.162 0.000
12 X X X X 0.000 0.000 0.000 0.000
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Table S3. Posterior distribution of parameters (f) estimating the proportion of pregnant females in coastal nearshore cells (Cells 1, 3,
5, and 7) via zero-inflated beta regression. The probability of seeing at least one pregnant female (a5) and the mean of the beta
distribution (up) were independently estimated as functions of visibility (V), Beaufort sea state (B), week of year (W), and week of
year squared (W2). The beta distribution precision parameter (@) was assumed constant. Means with standard deviations in
parentheses. Blanks indicate a variable was not included in the final model average.

Known pregnancies

All possible pregnancies

Parameter  logit(as) logit(ug) log(p) logit(ap) logit(up) log(p)

Po 0.78 (1.26) -1.657(0.192) 4.744(0.259) 1.82(1.06) -2.156(0.236) 4.290 (0.207)
Br -0.20 (0.33) -0.074 (0.074) -0.27 (0.35) -0.084 (0.094)

o7 -0.44 (0.44) -0.46 (0.43) -0.028 (0.069)

Bw -2.62 (2.60) -1.74 (2.26)  0.087 (0.323)

Pw> -0.38 (1.38) -0.33 (1.22)

Table S4. Scan survey sample size by cell and cell coverage per scan (mean and standard deviation).

Total Total surveys Proportion of

surveys with density > 0 cell covered
1 962 198 0.76 (0.11)
2 962 15 0.67 (0.14)
3 1281 1019 0.66 (0.32)
4 1281 200 0.38 (0.21)
5 1182 870 0.80 (0.27)
6 1182 479 0.72 (0.27)
7 1057 334 0.60 (0.21)
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Table S5. Bayesian model weights for estimating the density of gray whales (D) in each cell via hurdle gamma regression. Likelihood
is

1—a; ifD=0

aof(Dlug, @)if D > 0 VIere

Gammay(D|ag, ug, w) = {

f(D|ug, w)~Gamma(ug, w) and Ry »o~Bin(R, ag;)

The probability that D is greater than zero (ac) and the mean of the gamma distribution (u) were independently estimated as
functions of the proportion of the cell covered during a scan survey, week, week?, and week>. Temporal variables were orthogonally
transformed to avoid correlation between variables. The gamma distribution precision parameter (w) was assumed constant. Sample
size limited the number of explanatory variables to one per model for the Cell 2 gamma distribution.

Model weights
Cell 1 Cell 2 Cell 3 Cell 4 Cell 5 Cell 6 Cell 7
Model # Coverage Week Week? Week® ac uc¢ ac uG oG MG 06 MG 0G MG GG UG 0G UG

Explanatory variables

1 0.043  0.000 0.509 0.000 0.000 0.000 0.000 0.117 0.000 0.000 0.003 0.040 0.007 0.050
2 X 0.000 0.016 0491 0.843 0.172 0.000 0.534 0.000 0.124 0.031 0.010 0.000 0.099 0.000
3 X 0.000 0.057 0.000 0.157 0.000 0.079 0.000 0.022 0.000 0.001 0.000 0.012 0.001 0.000
4 X X 0.000  0.000  0.000 0.000 0344 0.003 0.000 0.000 0.001 0.000 0.116 0.007 0.000
5 X X X 0.179  0.091  0.000 0.000 0.577 0.000 0.000 0.124 0275 0.000 0.004 0.000 0.375
6 X X 0.001  0.000 0.000 NA 0.315 0.000 0.001 0434 0.000 0.001 0.000 0.086 0.038 0.000
7 X X X 0.001  0.000 0.000 0.000 0.000 0.460 0426 0.124 0.153 0.075 0.000 0.848 0.000
8 X X X X 0.777  0.836  0.000 0.513  0.000 0.002 0.000 0.627 0539 0913 0.144 0.000 0.575
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Table S6. Posterior distribution of parameters (f) estimating the gray whale density in each
nearshore cell via hurdle gamma regression. The probability that gray whale density is greater
than zero (ac) and the mean of the gamma distribution (ug) were independently estimated as
functions of the proportion of the cell covered during a scan survey (C), week (W), week? (W2),
and week® (W3). Temporal variables were orthogonally transformed to avoid correlation between
variables. The gamma distribution shape parameter (@) was assumed constant. Means with
standard deviations in parentheses. Blanks indicate a variable was not included in the final model

average.
. Parameter
Cell Estimate By Be By B B
logit(ag) -2.8 (0.9) 1.6 (1.1) -56.9 (8.5) 20.2 (8.0) 43.1(7.5)
1 log(ug)  -2.7(0.3) -0.8(0.4) -3.04.2) 9.0 (3.8) 13.0 (4.5)
W 5.9 (0.7)
logit(ag) -5.3(1.7) 1.6 (2.3)
2 log(ug)  -2.2(0.7) -1.9(0.9) -3.0(7.7)
W 28.5(13.8)
logit(ag) -2.4(0.2) 7.8 (0.5) 344 (12.0) -59(7.4) 12.1 (10.9)
3 log(ug)  -2.2(0.0) 25.5(1.7) -11.93.6) 1.8 (2.1)
W 2.8 (0.1)
logit(ag) -4.5(0.3) 6.1 (0.6) -4.5 (7.8) -4.9 (8.7)
4 log(ug)  -2.3(0.5) -2.1(0.9) -12.4 (6.1) -2.7(4.7)
W 3.7 (0.5)
logit(ag) -2.7(0.4) 5.4 (0.6) -31.7(7.4) -48.8(7.3) 64.8 (17.0)
5 log(ug) -2.4(0.3) -0.6 (0.3) -19.7(2.8) -12.0(2.5) 15.4 (5.3)
W 2.4 (0.1)
logit(ag) -3.6 (0.3) 4.1 (0.4) 16.5(8.6) -61.4(10.2) -25.0(10.5)
6 log(ug)  -3.0(0.2) -0.5(0.3) 0.9(5.7) -39.1(8.3) -4.3(6.1)
W 2.5(0.2)
logit(ag) -5.4(0.6) 6.7 (0.8) -67.8 (21.1) -82.8 (25.3)
7 log(ug) -3.4(0.4) -0.5(0.5) -7.1(6.3) -14.3(7.0) 31.6 (9.3)
W 3.6 (0.4)
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Table S7. Bayesian model weights for estimating the proportion of animals in the nearshore cells
that are pregnant females (ppr.¢) using logistic regression (likelihood: npeq ~ Bin(nu, ppreg) where
n4y = count of all identified individuals nearshore and np.; = count of identified pregnant
females). Pregnant animals were defined as all possible pregnancies or females with known
pregnancies (returned with a calf the following year). Logit(ppreg) was estimated as functions of
visibility, Beaufort sea state, week, and week?. Week and week? were orthogonally transformed
to avoid correlation between variables.

Explanatory variables Model weights

Model # Visibility Beaufort — Week  Week?  omown - Allpossible
pregnancies pregnancies

1 0.281 0.305
2 X 0.000 0.000
3 X 0.000 0.000
4 X 0.412 0.063
5 X X 0.306 0.631
6 X X 0.000 0.000
7 X X 0.001 0.000
8 X X X 0.000 0.000
9 X X 0.000 0.000
10 X X X 0.000 0.000
11 X X X 0.000 0.000
12 X X X X 0.000 0.000

Table S8. Posterior distribution of parameters (f) estimating the proportion of animals in the
nearshore cells that are pregnant females (ppre¢) using logistic regression. Pregnant animals were
defined as all possible pregnancies or females with known pregnancies (returned with a calf the
following year). Logit(pyree) Was estimated as functions of visibility (V), Beaufort sea state (B),
week (W), and week? (W2). Week and week? were orthogonally transformed to avoid correlation
between variables. Visibility and Beaufort sea state were not included as variables in final model
averages. Means with standard deviations in parentheses.

Known All possible

Parameter . .
pregnancies  pregnancies
Lo -3.38 (0.19) -2.6 (0.13)
Pw -10.75 (7.32) -5.1 (4.15)
Lw> 0.74 (2.65) 6.5 (4.64)
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