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Abstract

Resource availability is a primary factor predicting population
performance. Synchrony between resource availability and consumer
requirements plays a critical role in reproduction, and mismatches in the
timing of resource availability and consumer requirements can have negative
implications for reproductive success. Our objective was to determine when
mass of juvenile and yearling white-tailed deer (Odocoileus virginianus) in
semiarid rangelands is most negatively affected by limited forage
availability. Thus, we determined the biological period when rainfall, a
primary driver of resource availability, was most predictive of juvenile and
yearling mass. Over 12 years, we captured 1,123 juveniles and yearlings
across five distinct populations. We linked georeferenced capture records to
rainfall data from biological seasons hypothesized to affect juvenile and
yearling mass. We found that rainfall during the early growing season
exhibited the strongest effect on mass. The resource pulse associated with
early growing season rainfall is likely used to fuel fetal development during
the critical final trimester of gestation. As environmental change continues
to exacerbate the potential for mismatches in resource availability and
consumer requirements to occur, it is important to identify when limited
forage availability may most negatively affect reproduction to inform

species conservation and support long-term sustainability.
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Introduction

Resource availability exerts a strong influence on population
performance [1-3]. The match-mismatch hypothesis (MMH) suggests variable
recruitment of a population is a product of energetic demands relative to
availability of the resource at the immediate lower trophic level [4l. Animals
often reproduce during peak resource abundance to ensure the energetic
requirements associated with reproduction are met [5.6], However, in the
face of dynamic environmental conditions, including climate change, shifts
in resource availability patterns can result in phenological mismatches
between animals and their environment, as climate change is predicted to
induce different responses across trophic levels [7]. These mismatches occur
when the timing of resource availability no longer aligns with the peak
requirements of consumers [8l, Such phenological mismatches have become
a subject of growing concern due to their potential impacts on population

dynamics and ecological interactions [9-11],

In terrestrial environments, vegetation onset and growth are

determined by a combination of biotic and abiotic factors, such as



temperature and precipitation. Conversely, reproduction of many
herbivores is cued by seasonal changes in the photoperiod, which remains
constant from year to year [12.13], The temporal variation in the onset of
vegetation growth and contrasting stability of photoperiodism exacerbates
the potential for a mismatch, and the degree to which animals will be
affected depends on their ability to adapt their response to photoperiod to
variable resource availability [14-16]1, Importantly, though some adaptation is
possible at localized scales, environmental change often occurs
unpredictably and at a pace that is too rapid to allow sufficient time for
adaptation. For example, in a study of two populations of roe deer
(Capreolus capreolus), increasingly early springs led to declines in
recruitment, and ultimately, a reduction in population growth rate as roe
deer were unable to track changes in vegetation phenology [171,
Additionally, in many cervid species (Family Cervidae), breeding occurs
several months before the peak energetic demands of late gestation and
lactation, leaving individuals with considerable uncertainty at conception
about whether resources will be sufficient when those demands are
greatest. Therefore, phenological mismatches become more likely when
timing of vegetation growth shifts and individuals are forced to make the
decision to reproduce without reliable knowledge of future resource

availability.

Changes in weather patterns alter plant phenology and resource

availability for herbivores [18.19] Rainfall affects the timing, abundance, and



quality of nutritional resources [20-22] which has important consequences
for ungulates. The timing and duration of vegetation growth influences
numerous aspects of ungulate life history, including migration [23], timing of
reproduction [5.24.25] maternal investment [25], population demography [26],
and offspring body mass and female reproductive success [27-29], Body mass
is a critical component of fitness as it is related to probability of survival
and time to primiparity, and thus, lifetime reproductive potential [30.31],
Therefore, it is important to understand the long-term fitness consequences

of enduring mismatches in early life.

Semiarid environments, characterized by extreme temperatures,
highly variable rainfall, and frequent drought, are distributed across the
globe. Species in these environments have adapted to cope with
unpredictable resource availability and can provide valuable insights into
the responses of their counterparts in other regions to changing
environmental conditions. White-tailed deer (Odocoileus virginianus), a
highly adaptable large herbivore, inhabit a wide range of climatic regions,
from the boreal forests of Canada to the tropical forests of Bolivia. In
semiarid environments, white-tailed deer (hereafter, deer) have experienced
extreme variability in weather and nutritional resources. In these stochastic
systems, deer nutrition is primarily determined by resource availability

driven by variation in rainfall [32-34],

Climate-induced phenological mismatches are of growing concern

because of the implications they have for long-term population performance



and sustainability. The MMH offers a simple framework for studying
phenological mismatches. To evaluate the potential for mismatches in
resource availability to influence population performance, it is essential to
first understand what constitutes a match [35]. Our objective was to
determine the timing of resource availability that is most impactful on
juvenile and yearling mass to reveal when mass is most negatively affected
by limited forage availability in a highly dynamic system. Deer in semiarid
environments serve as an ideal model system for several reasons. First,
deer in semiarid environments have adapted to an environment that
provides insight into future conditions expected acrcss the wider
geographic range of the species, as other sysiems are projected to become
more variable, resembling semiarid conditions under future climate change
[36], Second, rainfall is the primary driver behind resource availability for
deer in this environment [3%:34!, Lastly, young individuals are more sensitive
to environmental changes than adults [37], making them an early indicator of
the effects of changing conditions. Thus, we defined biological seasons
based on a priori hypotheses related to consumer and autotroph
requirements. We then determined the biological period in which rainfall
was most predictive of juvenile and yearling body mass. We hypothesized
that juvenile and yearling mass would be most influenced by limited forage
availability during periods of peak consumer requirements. Thus, we
predicted that juvenile and yearling mass would be most influenced by

rainfall occurring during seasons that would affect resource availability as



energetic requirements associated with reproduction increased. We
considered seasons that were the most energetically demanding for
reproductive females as they need access to resources to maximize
reproductive success and investment in their young. We also considered
important plant growing seasons when autotroph requirements are highest
and rainfall is important for establishing plant productivity [38.39]1, We
confronted this hypothesis with data generated from the capture of over
1,100 juvenile and yearling deer from five populations during 12 years

across a broad geographic extent.
Results

Rainfall was highly variable from 2011 to 2022 (Fig. 1). Overall,
average daily rainfall varied from a minimum of 0 cm in 2011 during the
early growing season (April 1%*-30) to a maximum of 0.65 cm in 2021
during the third trimester of gestation (May 6t*-July 12th), Daily rainfall
typically was greatest during the third trimester of gestation with an
average of 0.29 cm (SD = 0.17 cm) of rainfall per day (Supplementary Table
S1). Daily rainfall was lowest during the early growing season with an
average of 0.13 cm (SD = 0.12 cm) of rainfall per day (Supplementary Table

S1).

From 2011 to 2022, we captured 514 juveniles (males = 231, females
= 283) and 609 yearlings (males = 321, females = 288) across the five

populations (Supplementary Tables S2 & S3). Of the 609 yearlings, 50 were



also captured as juveniles. Juvenile body mass averaged 19.7 kg (SD = 4.09
kg), with males (X = 20.4 kg; SD = 4.21 kg) being 6.4% larger than females
(X = 19.1 kg; SD = 3.90 kg). Body mass for yearlings averaged 36.6 kg (SD
= 6.27 kg). Yearling males (X = 38.7 kg; SD = 6.59 kg) were 11.6% larger

than females (X = 34.2 kg; SD = 4.90 kg).

Rainfall during the early growing season had a stronger effect on
juvenile mass than rainfall in any other season. Our most supported model
predicting juvenile body mass included sex and early growing season
rainfall (Table 1; Fig. 2). Specifically, we found that for every 10 cm
increase in cumulative early growing season rainfall, juvenile body mass
increased by 2.3 kg (B = 0.023; SE % 0.008; P < 0.01; Table 2). We found no

support for any other model (Table 1).

The most supported model for yearling body mass included sex,
current-year early growing season rainfall, and previous-year early growing
season rainfall (Tabie 1; Fig. 3). Model results indicate that for every 10 cm
increase in current-year and previous-year early growing season rainfall,
yearling body mass increased by 4.4 kg (B = 0.044; SE + 0.015; P < 0.01;
Table 2) and 3.0 kg (B = 0.030; SE = 0.013; P = 0.03; Table 2), respectively.
As with juveniles, we found no support for any other model predicting

yearling body mass (Table 1).
Discussion

We investigated the influence of rainfall during different seasons on



the mass of juvenile and yearling deer in a semiarid system. Our findings
provided support for our hypothesis that juvenile and yearling mass would
be most affected by limited forage availability during periods of peak
consumer requirements, as rainfall during the early growing season (April)
exhibited the strongest effect on the body mass of juveniles and yearlings.
Additionally, we observed prolonged effects of early growing season
rainfall, in that rainfall during the early growing season of the birth year
influenced yearling body mass one year later. This indicates that early
growing season rain corresponds to a match scenario in our study system.
The match scenario is the period when resource availability is most
important to maximize population performance. In our system, the resource
pulse associated with rainfall was likely used to directly fuel fetal
development during the critical period of the final trimester of gestation
from May to June due to lag effects on vegetation and soil moisture. Our
study provides support for the MMH as variation in rainfall during the
match period (early growing season) influenced body mass through its
effect on resource availability (Fig. 4). Moreover, our results suggest that
the MMH can be expanded to include metrics of population performance

beyond recruitment [#], such as body mass of juveniles and yearlings.

We observed that early growing season rainfall had the strongest
effect on juvenile and yearling mass. Previous research has shown that
rainfall in the spring positively affects juvenile white-tailed deer survival

and body weight [40.41] which has been observed in other ungulate species,



like chamois (Rupicapra rupicapra) *21 and roe deer [43]. Early growing
season rain influences the available forage for maternal females, and thus
their nutritional condition, as they enter the late stages of gestation and
lactation. Access to these resources improves reproductive output and
maternal investment in offspring [44-46], and improvements in quantity and
quality of maternal resources during pregnancy have been shown to

improve juvenile survival of deer species [47.48],

Late spring and summer mark a nutritionally stressful period for
yearlings. At this stage, yearlings are prioritizing growth over reproduction
as most female deer in this region will not reach primiparity until 2.5 years
old 491, Accumulation of body mass is important for future breeding and
survival, as heavier individuals tend to have a higher probability of survival
[30]; thus, resource availability is increasingly important for yearlings. We
found evidence of lasting efiects of early growing season rainfall on body
mass in the year-oi-birth over one year later. This suggests that limitations
in early growing season rainfall in the year-of-birth had prolonged effects on
yearling mass. This is consistent with several studies which have found that
early life conditions, including conditions during gestation and post-
parturition, have permanent implications for body mass, with those
experiencing resource shortages in their early life being smaller into
adulthood [50-541, Conversely, other studies have observed that individuals
who experience resource limitations in their first year are able to recover in

subsequent years [31.55], Qur study did not include adults and therefore did



not further our understanding of permanent effects of early life conditions.
Previous research has revealed that variation in adult body mass and
skeletal size on our study areas are driven more by fixed resources,
including soil type and woody plant community, than rainfall or forb
availability [56]. This suggests that compensatory growth occurs in our
region, though we do not have data to fully understand this mechanism.
Regardless, our results supported by data from 609 yearlings provide clear
evidence that conditions during gestation have long-lasting effects on mass

that extend to the yearling age class.

Using data from five populations and daily rainfall data recorded over
12 years, we found early growing season rainfall is an important driver of
juvenile and yearling body mass, and early growing season rainfall in the
birth-year has prolonged implicafions for yearling mass. Our findings
provide mechanistic insight to how the environmental conditions an
individual experietices during gestation affect future survival and lifetime
reproductive success [30.57], Thus, early growing season rainfall constitutes a
match scenario in our study system where resource availability has the
greatest effect on juvenile and yearling mass. Our results highlight that
what should be considered a match scenario is not necessarily during
lactation immediately post-parturition - the period when energetic
requirements of the consumer are at their greatest peak 58], Therefore,
when assessing the applicability of the MMH within a system, one must first

identify the match period when limited forage availability is most impactful



to metrics of population performance, such as juvenile and yearling body
mass. Rainfall during the early growing season promotes resource
availability in the late spring when deer are entering the final trimester of
gestation, a period marked by increased energetic demands, and
subsequently provides critical resources to fuel fetal development and
increase juvenile body mass several months post-parturition. As climate
change continues to exacerbate environmental stochasticity and
unpredictability in resources within semiarid systems, an understanding of
how resource availability influences population performance is critical to

sustainable species management.

Methods

Study Area

We conducted research oun five sites within South Texas, USA: San
Antonio Viejo (SAV) Ranch (60,752 ha within Jim Hogg and Starr counties),
divided into SAV-North and SAV-South, Buena Vista Ranch (6,113 ha in Jim
Hogg County), Santa Rosa Ranch (7,544 ha in Kenedy County), and El Sauz
Ranch (10,984 ha in Kenedy and Willacy counties). All study sites were
located in the Coastal Sand Sheet ecoregion. The Coastal Sand Sheet was
characterized by sandy soils, resulting from colluvial soil formations created
by Gulf Coast winds. Additionally, this semiarid environment was prone to
extreme temperatures and highly variable rainfall (Fig. 1). Temperatures

averaged 14°C in January to 32°C in August (30-year averages) and often



exceeded 38°C in the summer [59], Rainfall was highly variable both spatially
and temporally across the region. Across the study area, observed rainfall
during the study period varied from as low as an average of 27 cm in 2011
to as high as 78 cm in 2021 591, Additionally, there existed an environmental
gradient across the region with sandier, less productive soils and higher
rainfall in the east and more productive soils but less rainfall in the west.
Annual rainfall in the east, along the Gulf Coast, averaged 94 cm, and in the
west, averaged 49 cm (30-year average; Fig. 5) [59]. Plant communities were
dominated by honey mesquite (Neltuma glandulosa), live oak (Quercus
virginiana), huisache (Vachellia farnesiana), brasil ( Condalia hookeri),
whitebrush (Aloysia gratissima), and prickly pear cacti (Opuntia
engelmannii). Herbaceous plant communities consisted of species including
woolly croton (Croton capitatus), seacoast bluestem (Schizachyrium
scoparium var. littorale), purple threeawn (Aristida purpurea), and spotted

beebalm (Monarda punctata).

South Texas experiences hot and humid summers and mild, short
winters. Average monthly rainfall is lowest during winter and highest
during the late spring (May-June) and fall (September). Vegetation
communities are primarily driven by variation in rainfall patterns and
limited by drought conditions [60.611 South Texas rarely receives its
“average” rainfall but rather most years are characterized as either
receiving above-average or below-average rainfall. Many forbs are annual

and only occur in years with sufficient rainfall [611, Forbs in the region are



primarily cool-season plants that grow in the spring but senesce by early
summer due to warming temperatures and limited moisture [61.62], During
summer, mast-producing plants, like prickly pear cacti and honey mesquite
are readily available forages even under drought conditions. Additionally,
browse is a continuously available forage, though many of the woody plant
species in our study area are drought-deciduous [60-62], During non-drought
years, white-tailed deer diets consist of forbs in spring, mast in summer,
and browse in autumn and winter [61.62]. Conversely, in drought years, deer
consume diets that are low in digestible protein and consist primarily of
flowers, mast, and browse [63], These lower-quality dieis are generally
adequate to meet protein requirements to suppcrt survival of adult deer but
not survival and optimal growth of juveniles (631, However, deer maintain
diets with high levels of metabolizable energy even in drought years,
particularly during autumn and winter [63], During these seasons, deer
consume diets with excess energy which allows deer to restore body
condition and build energetic stores to support gestation and lactation

during spring and summer [63],

The research sites were working cattle ranches owned by the East
Foundation, an agricultural research organization. Land management
practices included cattle (Bos taurus) grazing, prescribed fire, and brush
management targeted at cattle production and wildlife habitat
management. Within our study sites, deer were not hunted or

supplementally fed. Primary predators in the study area included coyotes



(Canis latrans) and bobcats (Lynx rufus) 641,

Data Collection

From 2011 to 2022, we captured deer via aerial net-gunning [65]
during October and November of each year. Capture areas were
strategically selected to allow us to efficiently maximize accessibility and
property coverage during designated flight time, while minimizing the
distance required for transport of deer from their capture location to the
central processing station. Generally, we repeatedly sampled the same
capture areas each year of the study. To achieve randomization in the
capture process, we instructed helicopter pilots to pursue the first
individual spotted, regardless of group size, age, sex, or body size. We
recorded the capture location using @ handheld GPS unit and restrained,
blindfolded, and transported deer to a central processing station. We
recorded body mass io the nearest 0.45 kg and estimated age using tooth
replacement and wear [66], We categorized individuals as juveniles (3-4
months old), yearlings (15-16 months old), or adults (= 2 years old). We
identified juveniles as those with fewer than six erupted teeth. Yearlings
were identified as those with six fully erupted teeth and with three cusps
present on the third premolar. Adults were identified as all individuals with
six fully erupted teeth and a bicuspid third premolar. We marked each

individual with uniquely numbered ear tags then released them onsite.

We determined the timing of reproductive seasons by capturing adult,



female deer on SAV-N using aerial net-gunning in March 2020 (n=20), 2021
(n=31), 2022 (n=38), and 2023 (n=20). We used these data to determine
the timing of reproductive seasons, but not to assess juvenile and yearling
mass. We determined pregnancy status using ultrasonography and, if
pregnant, equipped females with vaginal implant transmitters (VIT;
Advanced Telemetry Systems, Isanti, MN, United States). We programmed
VITs to send a very high frequency (VHF) signal once the VIT reached a
temperature threshold below 30°C, indicating expulsion prior to parturition.
We compiled all observed parturition dates across the four years of the
study into one dataset (Fig. 6). We then delineated the fawning season as
the period between the earliest recorded parturition date (June 16t) and
the latest recorded parturition date (August 20t"). We calculated the
average parturition date across all four years (July 12t") and used this as a
starting point for delineating the other reproductive seasons. Specifically,
we considered Julv 12 through August 12t to be the first-month post-
parturition. We assumed a lactation period of 100 days after which most
juveniles are weaned and functional ruminants [67.68]. Thus, we identified
July 12t through October 20t as the period of lactation. Additionally, the
mean period of gestation for white-tailed deer is 200 days [69]. We identified
late gestation as the latter half of gestation and subtracted 100 days from
the mean parturition date, thus classifying late gestation as April 3d
through July 12tt, Lastly, we considered the third trimester to be the final

67 days of gestation. Therefore, we subtracted 67 days from the mean



parturition date, identifying the third trimester as May 6 through July 12tk
Previous research in the study area suggested breeding activity varied less
than two weeks across study sites [70, and therefore, we used these
standardized dates defined by the VIT data to delineate reproductive

seasons across sites.

All experimental protocols were approved by the Texas A&M
University-Kingsville Institutional Animal Care and Use Committee (permit
number: 2020-10-19). All methods were carried out in accordance with
relevant guidelines and regulations, including the guidelines of the
American Society of Mammalogists (Sikes and the Animal Care and Use
Committee, 2016). Permission to conduct fieldwork on participating ranches
was granted by the East Foundation and Texas Parks and Wildlife

Department (permit number: SPR-1021-170).
Statistical Analysis

To assess juvenile and yearling mass, we used body mass
measurements of captured juveniles and yearlings. We considered heavier
individuals to be of higher quality because heavier individuals often have a
higher probability of survival and achieve primiparity faster, therefore

promoting lifetime reproductive success [30.31],

We identified six time periods during which we hypothesized rainfall
would have the greatest effect on body mass of juveniles and yearlings. The

six periods included the early growing season (April 1st - April 30tt), late



gestation (April 34 - July 12th), third trimester (May 6t - July 12th), fawning
season (June 16 - August 20th), first-month post-parturition (July 12t -
August 12th), and lactation (July 12th - October 20t*). We chose April as a
month representing the early growing season, because this month marks
the beginning of an important plant growth period in this study system and
can affect forage production during the late spring when deer are
approaching the final trimester of gestation [71]. We obtained estimates of
cumulative daily rainfall from 2011 to 2022 for each of the five sites at 4-km
resolution 591, We extracted values of daily rainfall to every capture location
then calculated the sum of daily rainfall values to cbtain cumulative rainfall

experienced by each individual during each of the six time periods.

To determine the effect of raiiifall on body mass of juveniles and
yearlings and to identify the season most predictive of body mass, we used
linear mixed-effects models. In these models, we considered body mass as
the response variable and examined the influence of rainfall during a
specific season as the explanatory variable. We included year (n=12) and
capture site (n=>5) as random effects on the intercept. We also included sex
as covariate in all models to account for sex-specific differences in body
mass. We fit seven models predicting juvenile mass, including a null model
(Table 1). Each model included sex and cumulative rainfall during one of the
six biological seasons (Table 1). To identify the top model, and the season in
which rainfall had the greatest effect on juvenile mass, we evaluated models

using Akaike Information Criterion (AIC) [72]. We identified the model with



the lowest AIC score as the most supported model, and we identified
competing models using a AAIC < 2 [73]1, After identifying the top model, we
evaluated covariate estimates using the Satterthwaite method to
approximate degrees of freedom and t-tests to determine statistical

significance (P =< 0.05) [74],

For yearlings, we fit four models to predict yearling body mass,
including a null model (Table 1). We included rainfall during the early
growing season of the capture year in the models. Additionally, we were
interested in the effect of rainfall in the year of birth on yearling mass.
Therefore, we first identified the top model for juveniles and included the
identified season as a birth-year effect in the yearling model. We used AIC
to determine the best yearling mode! and season of rainfall which should be
considered a match scenarioc. We considered the model with the lowest AIC
score the most parsimonious model, and covariates with P = 0.05 were
deemed statistically significant. We performed analyses in R version 4.3.1

using the ‘lme4’ package (version 1.1.34)[75],
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Fig. 1. Distribution of daily rainfall (cm) occurring during six biological periods in which rainfall is
hypothesized to influence body mass of juvenile and yearling white-tailed deer in autumn from 2011 to
2022 in South Texas, USA: early growing season (April 1st-April 30t?), late gestation (April 3rd-July 12th),
third trimester (May 6t-July 12tt), fawning season (June 16'*-August 20t), first month post-parturition



(July 12th-August 12tr), and lactation (July 12t-October 20th).



Table 1. Results from modeling procedure examining the effect of seasonal
rainfall on body mass of juvenile and yearling white-tailed deer in South
Texas, USA from 2011 to 2022.

Candidate Models! k AIC AAIC w;
Juvenil
es
1 Early Growing Season + Sex 2860.2 0.00 0.68
6 99 0 2
2 Late Gestation + Sex 2863.4 3.17 0.13
6 73 4 9
3 3rd Trimester + Sex 2865.1 4.85 0.06
6 55 6 0
4 1st Month Post-Parturition + Sex 2865.8 5.59 0.04
6 97 8 1
5 Lactation + Sex 2865.9 5.63 0.04
6 38 9 1
6 Fawning Season + Sex 2866.1 5.85 0.03
6 52 3 7
7 Null 2876.3 16.0 0.00
4 23 24 0
Yearlin
gs
1 Previous Early Growing Season + Early 3791.0 0.00 0.79
Growing Season + 5ex 7 65 0 1
2 Early Growing Season + Sex 3794.1 3.04 0.17
6 13 8 2
3 Previous Early Growing Season + Sex 3797.1 6.13 0.03
6 95 0 7
4 Null 3892.5 101. 0.00
4 62 50 0

1 Dates of seasons were delineated as: Late Gestation (April 3rd-July 12th),
3rd Trimester (May 6th-July 12th), Fawning Season (June 16t-August 20th),
1st Month Post-Parturition (July 12th-August 12t), Lactation (July 12th-
October 20t), and Early Growing Season (April 1st-April 30th).



Table 2. Results from modeling procedure examining the effect of rainfall
(cm) on body mass (kg) of juvenile and yearling white-tailed deer in South
Texas, USA from 2011 to 2022. Beta estimates and standard errors for all
terms of the most supported models are reported.

Beta
Models A Estimate SE
Juveniles
Early Growing Season + Sex
Early Growing Season 0.23 0.09
Sex 1.28 0.34
Yearlings
Early Growing Season +
Previous Early Growing
Season + Sex
Early Growing Season 0.44 0.15
Previous Early Growing
Season 0.30 0.13

Sex 4.41 0.43
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Fig. 2. The effect of early growing season rainfall (cm) on the body mass
(kg) of 514 white-tailed deer juveniles captured in South Texas, USA from

2011 to 2022. Confidence bands represent a 95% confidence level.
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Fig. 3. The effect of birth-year (B) and current-year (A) early growing
season rainfall (cm) on the body mass (kg) of 609 white-tailed deer
yearlings captured in South Texas, USA from 2011 to 2022. Confidence
bands represent a 95% confidence level.
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Fig. 4. Conceptual figure illustrating the observed effect of rainfall on body mass of juvenile white-tailed
deer when rainfall is received during lactation versus the early growing season. When rainfall occurs
during lactation, maternal females use forage resources to support lactation, and we observe an increase
in juvenile body mass. However, when rainfall occurs during the early growing season, maternal females
use forage resources to support gestation and improve their body condition ahead of lactation, resulting




in a greater increase in juvenile body mass.
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Fig. 5. Map depicting the distribution of 30-year average rainfall (cm) across South Texas, USA. Also
shown are properties owned by the East Foundation where captures of white-tailed deer took place from
2011 to 2022.
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Fig. 6. Figure showing the distribution of parturition dates of white-tailed deer observed during 2020
(n=20), 2021 (n=31), 2022 (n=38), and 2023 (n=20) at the East Foundation’s San Antonio Viejo Ranch in
South Texas, USA.
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