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Thermal preferences of females and their neonates
In the Mountain Horned Lizard Phrynosoma orbicu-
lare from Central Mexico

2021 Grant Recipient Summary
By Saul F. Dominguez-Guerrero
Department of Ecology and Evolutionary Biology, Yale University

Figure 1. Three pregnant females of P. orbiculare captured in the locality of El Encinal, Cuautepec
de Hinojosa Hidaldo, México.

Grant report

Global warming is a major threat to lizards, which depend on environmental temperatures
to behaviorally maintain their field body temperature (Tb) within their preferred tempera-
ture range (Tpref) and perform their biological activitiesl. As environmental temperatures
rise, lizards decrease their activity time to avoid overheating, which in turn could cause the
extinction of 40% of lizard populations worldwide this century?. Horned lizards are no ex-
ception, with extinction risk projected to reach up to 60% for some species” populations in

the next decades®.
continued on page 3
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Alternatively, lizards could respond to rising temperatures by operating at higher body
temperatures®. For example, the viviparous Mountain Horned Lizard Phrynosoma orbicu-
lare — a threatened lizard under the NOM-059 Mexican endangered species law — can in-
crease their Tpref tracking environmental temperature’. Yet, it is not clear whether higher
thermal preferences are maintained during gestation or whether pregnant females reduce
their Tpref to avoid deleterious effects on developing embryos®.

In addition, it remains unclear whether the preferred body temperatures of females during
pregnancy (incubation temperature) or non-pregnancy influence thermal preferences of
their neonates. Here, I compared thermal preferences of females during and after pregnancy
and evaluated if these temperatures are associated with the thermal preferences of the
neonates.

We conducted field work during March and April 2021 and 2022 in the locality of El Enci-
nal, Cuautepec de Hinojosa, Hidalgo, México (20.064°N, -98.201°W; 2500 m) to capture preg-
nant females of P. orbiculare at the end of their gestation period (Figure 1). Within one day of
capture, we placed pregnant females within a laboratory thermal gradient —wooden box di-
vided into ten tracks with substrate temperatures ranging from ~20 °C on the cooler end to
~50 °C on the hottest end5 — from 8:00 to 18:00 h (activity time of the lizards) and we meas-
ured their body temperature (cloacal) each hour using a thermocouple (Type K) connected
to a digital thermometer (Fluke 51-II). With these data, we estimated the Tpref (average of
50% of the measured body temperatures) of each female.

In the following days (one week on average),
we kept the females within the thermal gradi-
ent (water and mealworms were available ad
libitum) until they give birth (Figure 2). The
day after parturition, we measured the Tpref
of each female and their respective neonates
(following the same protocol described
above). After all experiments, females (and
their hatchlings) were released back to their
capture site.

By performing a paired t test, we found that
females prefer body temperatures of 31.4 °C
during pregnancy but increase their thermal
preferences to 33.7 °C after giving birth (Fig-
ure 3). These significant differences of Tpref
during and after gestation (paired t test= -
3.74, p= 0.016) indicates that during preg-
nancy females behaviorally choose lower
body temperatures to avoid deleterious ef-
fects (such as reduced body sizes, abnormali-
ties, and death) on developing embryosb6.
Even in the acclimatization scenario (thermal
preferences tracking habitat temperature) of
P. orbiculare®, females depend on gestation

Figure 2. A female of P. orbiculare giving birth temperatures around 32°C to optimize em-
within a laboratory thermal gradient. bryonic development®,”.

continued on page 4

Phrynosomatics February 2024 3



36

34

32

30

i e d ttest= -3.74, p=0.016
T L

Preferred body temperature °C

Pregﬁancy Non-pregnancy

Figure 3. After parturition females of P. orbicu-
lare increase their thermal preferences. Lines
connect the same individual.

Finally, we performed a linear mixed model to test
the possible association of thermal preferences of
neonates with their incubation temperature (Tpref
of females during pregnancy) and/or the thermal
preferences of their respective mothers (Tpref of
females after parturition). In this model, Tpref of
neonates was the dependent variable, sex and
body size of newborns and Tpref of females dur-
ing and after pregnancy were the continuous pre-
dictor variables, and female ID was included as a
random effect. We found that the preferred body
temperatures of neonates are significantly associ-
ated with the thermal preferences of their respec-
tive mothers (Table 1). Females with higher
preferred body temperatures produce neonates
with warmer thermal preferences (Figure 4), sug-
gesting heritability of Tpref.

TRAIT EFFECT FVALUE pVALUE
Trer of females (after gave birth) 10.97 0.01
Torer of pregnant females 1.37 0.29
Tprer of t ‘
pref OF REOTATES Sex 0.19 0.66
Body size 0.01 0.91

Table 1. Mixed model evaluating the effect of thermal preferences of non-pregnant and pregnant females,
sex, and body size on Tpref of neonates of P. orbiculare.

Yet is necessary to understand the genetic
basis of behavioral thermoregulation and the
potential paternal (not only maternal) contri-
bution to thermal preferences of the neonates.
Together, our results indicate that behavioral
thermoregulation is an important and poten-

w
(o))

eonates °C
(#%)
i
@

W
N
@

tially heritable mechanism of P. orbiculareina < ®

warming world. Additionally, this work high-

Tpraf
w
o

lights new dimensions of mountain horned ®

lizard thermal biology, and it has important

implications for conservation strategies in 32 33 B 35

Horned Lizards.

Toer females °C

Acknowledgments Figure 4. Preferred body temperatures (Tpref) of
This project was supported by a grant from the  newborns in P. orbiculare are positively associ-
Horned Lizard Conservation Society. The re- ated with thermal preferences of their respective
sults of this work were presented at the her- mothers. Each point represents a female with

petological meeting of the Sociedad

their respective neonates. In this figure, Tpref of

Herpetologica Mexicana (Baja California Mex- neonates represent the average thermal prefer-
ico, January 2023) and are part of a manuscript  ences of the newborns within each litter.

continued on page 5

4 Phrynosomatics February 2024
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NEW Sales Item - HLCS Collectible Coins!

Beautiful 2-inch diameter die struck coins that were designed by HLCS members. These coins are a
part of a collectable series which will be released annually. The idea and the funding of these coins
are through a major donation and in memoriam of Alexander Cochran. Proceeds from these coins
will help fund our grant program. Start your collection today before these selections run out!

-
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Member Highlight - Russell Posch

‘N4 Texas Horned Lizards were a part of Rus-
sell Posch’s daily life as a child growing up
in Texas. In the 1950’s and 1960’s, he lived
' in the Oak Cliff area of Dallas on Rolinda
Drive, just to the east of Stockard Middle
School, where he would explore the school
yard finding red harvester ants and Texas
Horned Lizards.

Like many of us, he grew to love them be-
cause of their unusual appearance and
docile nature. After a career working with
the airlines, beginning with Braniff, then
Muse Aire, and Southwest Airlines, he re-
tired in 2014 as a dispatcher for Southwest
since 1988. A few years ago, he returned to
the area of his childhood and was saddened
to see the ants and lizards were gone.

Mr. Posch became a lifetime member of
HLCS and makes regular donations to the
organization. When I asked him how he
hopes that his donations will help, he re-
sponded saying, “I hope that in addition to funding research pro]ects the HLCS can find a
way to tap into monied individuals who can help to purchase land in areas where the
horned lizards are still plentiful and also in areas where there is good chance of bringing
them back thereby creating areas where they can remain safe.” He stated that in the past,
‘horned lizards were part of my day-to-day life and I miss them”.

HLCS would like to recognize member Russell Posch. His desire to help keep horned lizards
around for future generations along with his generous donations are making a difference
with horned lizard conservation. He embodies the spirit by which HLCS was founded and
continues to be a supportive loyal member. Thank you, Mr. Russell Posch! g

Official HLCS Facebook Group Member Page

HLCS has created a new method for communicating between members. This page will also allow the
HLCS Board to keep you updated with the latest news and activities and allow you a forum to post
your photos and stories and ask others questions and make comments.

This page is for the dues paying members and the objective is to provide more value to you! If you
are on Facebook and are dues paying member, look for the official page to be a part of this group.

Go to this page and ask to become a group member: https://www.facebook.com/groups/HLC-
Smembers/ It is easy to sign up and it is fun! Hope to see you there! o
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Texas Horned Lizard Population Survey -
Pixie Preserve, Texas
by Luciano Guerra

» As the state reptile of Texas, the
Texas Horned Lizards is among the

1 most recognizable species of
wildlife across the Lone Star State.
The fact that “Horny Toads”, as they
8 are more commonly known, have all
b but disappeared from parts of the

A state where they were once abun-
dant, has not diminished their popu-
larity among Texans.

™ Many of my childhood memories in-
, clude Horned Lizards. In my youth,
I spent countless hours outdoors
§ communing with nature. | remember
being fascinated by these modern
day dinosaurs as they scurried along
the ground, or feasted on harvester
ants (their main diet), in my backyard and around my father’s wholesale plant nursery in south Mission,
Texas.

The fact that most kids today have never seen a Horned Lizard saddens me. However, | had pretty much
resigned myself to accepting the fact that their dwindling numbers were an irreversible trend and that
they would eventually go the way of the Margay and the Jaguarundi.

This all changed for me when | attended the Texas Children in Nature Summit in Austin last December. |
just happened to sit in on a presentation by members of the Fossil Rim Wildlife Center staff, one of
whom mentioned the fact that they were working with the Ft. Worth Zoo to have captive bred Texas
Horned Lizards reintroduced at their center.

Wait...WHAT? Horned Lizards are being bred in captivity and released into the wild as a way of
reestablishing populations on land they once inhabited? Why didn’t I know about this? I had just heard
about this project, but I instantly knew it was something | wanted to get involved with. I didn’t know in
what way, where or even when, but | was going to get involved.

Upon my return to Mission, I started researching this possibility. I came across the Horned
Lizard Conservation Society’s Facebook page and website and I began reading their posts and
articles. That was when I discovered that the San Antonio Zoo also has a Texas Horned Lizard
breeding and reintroduction program. I also learned that the HLCS makes grants available for
individuals interested in working with Horned Lizards.

Even though the application deadline was only a few days away and even though I didn’t
have a specific project in mind at the time, I decided to apply for a grant. After all, what did I

continued on page 8
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have to lose? But what would my project be? After thinking it over for a while, I decided I wanted to
work towards helping to reestablish a healthy Horned Lizard population at Pixie Preserve, the Na-
tional Butterfly Center’s recently acquired 300+ acre wildlife refuge formerly known as Chihuahua
Woods. I also decided that if I was going to approach the San Antonio Zoo about acquiring some of
their Horned Lizards a good first step towards this goal would be to conduct Horned Lizard popula-
tion surveys there to determine how many Horned Lizards already inhabit this property.

s

I quickly put my grant application together and I submitted it to the HLCS on the day before the
deadline. Approximately three months later I was notified of the fact that my project had been se-
lected to receive a grant. While I was thrilled, I knew that to do a proper (and accurate) population
survey, I needed to be able to have the ability to record each and every Horned Lizard’s individual
data by weighing, measuring, sexing and photographing them and the only way to do all of this

After looking into what it would
take to acquire this permit, I con-
tacted TPWD’s Benjamin Ander-
son, who is in charge of issuing
permits. I was hoping to be issued
a permit in my name, but I soon
found out that since the Texas
Horned Lizards is a protected
species in Texas, this was not likely
to happen. However, I was told
that it might be possible to have
this permit added to the National
Butterfly Center’s Educational Dis-
play Permit, which would be fine
with me since I am on staff at the
NBC.

continued on page 9
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After going back and forth with Mr. Anderson via e-mail over a three to four week period and ad-
dressing all his concerns about my project, the NBC was issued a permit that would allow the hand
capture of Horned Lizards at Pixie Preserve and the handling of them for as long as necessary to col-
lect the target data before releasing them at the site of capture. As the NBC’s executive director, Mari-
anna Trevino Wright was designated as the permittee and Stephanie Lopez (my collaborator on this
project) and I were designated as the only two sub-permittees.

I believe that one of the rea-
sons we were successful in
obtaining this permit was be-
cause I made it clear to Mr.
Anderson that the volunteers
we would recruit for this
project would be fellow
Texas Master Naturalists. I
did not know how many
TMNs would actually volun-
teer, but I figured we’d make
it work with however many
did. My goal however was to
have four teams of four peo-
ple each, so 16 was my target
number.

The plan was to do an initial survey as soon as possible, and two or three follow-up surveys approxi-
mately three months apart from each other. While the initial survey had to be postponed several
weeks due to scheduling conflicts, we ended up scheduling it for August 12th. I then put the word
out among both the South Texas Border chapter and the Rio Grande Valley chapter of TMNs about
this volunteer opportunity.

The response we received was amazing. While we had more than 20 TMNs wanting to volunteer,
several were not available on the 12th. I did however submit all the volunteers” names to TPWD so
that they could be added to the permit as sub-permittees, as required by the state of all participants in
a project such as this.

The morning of the 12th, we had 17 volunteers show up to assist with the survey. We met at the NBC
for a review of how we would be documenting sightings of Horned Lizards, their scat and/or har-
vester ant mounds they might come across. We also had a demonstration of the techniques we would
be using to capture the Horned Lizards themselves.

We then assigned each volunteer to one of the four teams, handed out the maps that had each team’s
section highlighted in a different color and the supplies they would need to conduct the survey. We
then headed out to Pixie Preserve, where we arrived at approximately 9:30 a.m.

For the next 90 minutes or so the four teams walked their respective sections in search of Horned
Lizards, their scat and/or harvester ant mounds. Each of these they came across was pinpointed with
GPS coordinates and was marked with a surveyor’s flag. This was done to facilitate follow-up sur-
veys, since these areas would be designated as hot spots for possible Horned Lizard activity.

I knew that we would only be able to cover a small portion of the property during the time we had

continued on page 10
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available to us, so we focused on the more open and arid areas since they were more accessible to us
and since that is the kind of habitat Horned Lizards prefer anyway. Upon completion of the survey,
everybody returned to the NBC to review our findings and to discuss what if anything could be done
differently during the follow-up surveys.

While no Horned Lizards were found during this initial survey, there were 16 harvester ant mounds
pinpointed and flagged, and nine lizard scat specimens found, documented, and collected. Whether
any of these are Horned Lizard scat or not, has not yet been determined, however, if they are proven
to be from Horned Lizards, the exact location they were found will be searched extensively during
the subsequent surveys.

I wish to thank all the volunteers that participated in this survey for the part they played in making it
such a success. Thanks to their efforts, we are now one step closer to determining the current popula-
tion of Texas Horned Lizards at Pixie Preserve, and one step closer to the eventual goal of helping to

establish a healthy population of our beloved Horny Toads there. Well done! i

HLCS Booth at Ripfest 2023
by Lynn Seman

Shana Fredlake, along with Lee and Lynn
Seman, worked at the HLCS booth on October 7,
2023, at Eastland, Texas for the annual 2023
Ripfest celebration. The weather was perfect,
and the crowd once again enjoyed the annual
event honoring the world’s most famous horny
toad, OI’ Rip! Jim and Bette Armstrong (lifetime
HLCS members) with Bette’s beloved horned
lizard puppet and horny toad hat were favorites
at the parade. Kids of all ages enjoyed the
horned lizard displays and activities at the
booth, while the new HLCS collector coins were
available for sale for the first time to the public.
The sale of these coins will go to support HLCS
grant recipients’ work with horned lizard con-
servation.

Jim and Bette Armstrong Shana Fredlake and Lee Seman
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President’s Message
by Cheryl Jenkins

Another new year is here! I'm not sure how things are in other parts of the region, but here in south-
ern California, we have been getting quite a bit of rain lately. I am hopeful that winter rains will lead
to prolific plant growth in our more arid regions which will support habitat and food resources for
horned lizards. I'm looking forward to warmer temperatures and longer days to get out to the local
deserts for some hiking and herping adventures! I hope wherever you are, you are able to enjoy the
upcoming emergence of Spring and get outdoors.

As always, please send us any ethically taken photos of horned lizards you find on your adventures.
You can document horned lizard sightings on our iNaturalist project:

https:/ /www.inaturalist.org/ projects/hlcs-horned-lizard-documentation-project. Please don’t pro-
vide exact locations of your sightings, just a general vicinity.

We have received several applications for our 2024 HLCS Grant Program and will be reviewing and

processing them over the next several weeks. If you missed the deadline this year, please consider ap-

plying for next year’s program beginning in December 2024. A large portion of the donations we re-
ceive throughout the year go towards our Grant Program to help support continuing horned lizard
conservation research and projects. Please reach out to us if you have any questions or would like
more information. Stay tuned for more project updates from our past grant recipients.

We are starting to schedule and plan for some events and possible field trips for the coming year. If
you know of any events that might benefit from having an HLCS educational booth or sponsored
field trip, or if you are interested in volunteering at any events, please let us know.

Stay warm and safe during the last few weeks of winter!

Blainville’s horned lizard
(Phrynosoma blainvillii)

San Diego County, California.

Photo credit: Cheryl Jenkins
2023.
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