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Supplement 1.
Visual depiction of the calving cycle of an adult female right whale.
Right whale calving cycles
In years of good health and sufficient food resources, North Atlantic right whales calve
approximately every 3+ years (Fig. S1; Knowlton et al. 1994, Browning et al. 2010, Kraus et
al. 2007) with an estimated 12-13 mos gestation (Best 1994). Body condition fluctuates with
the female reproductive cycle in baleen whales from resting to pregnant to lactating (Lockyer
1986, Miller et al. 2011, Miller et al. 2012, Williams et al. 2013), and this change in body
condition can been detected visually (Pettis et al. 2004, Bradford et al. 2012). Because this is
a normal process and not an indication of declining health, reproductive females were
considered separately from other demographic groups. Below is an illustration of the typical
calving cycle for a female right whale (EG#1004) showing the different phases of the cycle
corresponding to the groups used for reproductive females in the main text.
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Figure S1. The reproductive history of a female North Atlantic right whale (EG# 1004) illustrating the 3 + year
calving cycle (1979-1999). This whale had five calves born in 1980, 1987, 1990, 1994, and 1997. The
pregnancy, lactation and resting years for each calving event are shown in different colors, along with years in
which this whale was available to become pregnant following the resting year.
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Supplement 2.
Linear mixed effects model testing the difference in adult female health as a function of
calving success.
Linear mixed effects model results
The difference in adult female health as a function of calving success was tested using
a linear mixed effects model (Bates et al. 2014, 2015). The fixed effects portion of the model
was health value in the available year as a function of pregnancy status (pregnant/not
pregnant) in the following year. The random effects portion was year. Following is the
tabular summary of this model, along with the caterpillar plot for the coefficients of the
random effects (Fig. S2).
Table S1. Summary output from the fixed effects component of the linear mixed effects model. Successful
females were on average 1.18 health units higher.

(Intercept)
Pregnant

Estimate
73.2262
1.1783

Standard Error
0.854
0.8737

t-value
85.75
1.35

Table S2. Summary output from the random effects component of the linear mixed effects model with year as a
random effect.

Groups
Year
Residual

Name
(Intercept)

Variance
10.42
99.18

Standard Dev
3.227
9.959

4

Random effects of (Intercept)
●

2008
2007

●

2006

●

2005

●
●

2004

●

2003
●

2002

●

2001
●

2000
●

Group levels

1999
●

1998

●

1997

●

1996
●

1995

●

1994

●

1993
●

1992
●

1991

●

1990

●

1989
1988

●

1987

●
●

1986
●

1985
−5

0

5

Figure S2. Coefficient plot of the random effects (year) in the linear mixed effects model testing the differences
in available female health as a function of subsequent calving success (pregnant/not pregnant). This caterpillar
plot shows the intercept values and standard deviation around health estimates for each year. The inclusion of
the random effect for year shows that whales were in poorer overall health in the late 1990's and the mid-2000's.
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