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the world that act as a global voice for the 
direction of  viper conservation. 
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Message from  the  Chair
A few weeks ago I had the opportunity to give a  
presentation to a group of  people interested in learning 
more about how to coexist with the Timber Rattlesnakes 
that live around their homes. Though they came there to 
hear more about snake bite protocol; how to avoid bites and 
what to do if  you do receive a bite, they were also very  
interested in the snake ecology portion of  the talk. By the 
end of  the presentation and after everyone had the  
opportunity to touch a Timber Rattlesnake I had safely 
tubed, I felt really good about what I had accomplished that 
day. I believe I dispelled a few myths around rattlesnakes 
and hopefully changed some opinions about these often 
maligned animals – which may result in a few less being 
intentionally killed this year. As always, this was very  
inspiring to me. 

Later that day as I sat down to dinner, I kept thinking about 
the need to conserve vipers and contemplated where The 
Orianne Society wanted to go next with their Global Viper 
Conservation Initiative. Should we help out with the Greek 
Meadow Viper conservation efforts? Do we connect with 
the folks conducting conservation efforts in a viper diversity 
hotspot in northeast Turkey, working with species such as 
the Highland Dwarf  vipers? What about China and working 
to conserve a species such as the Mangshan Pit Viper? Or 
do we try to find out more about a data deficient species and 
head to Africa to study Mole Vipers? 

The unfortunate reality is that all of  these species, I’d even 
say most viper species, need some form of  conservation  
effort or a significant amount of  research into what populations are doing to know if  they are in need of  conservation. We need 
people out on the ground in all of  these areas, doing just what I had done that morning – talking to people about the need for 
viper conservation, dispelling myths and promoting an intrinsic value to vipers. And we have the start of  that in the Viper Specialist 
Group. 

If  we are going to truly conserve viper species in the wild, we need all viper experts, researches, biologists, hobbyists, enthusiasts – 
everyone that cares about vipers - on board with this effort. We need people on the ground, giving talks, conducting status  
assessments, developing conservation action plans and implementing these plans. If  you are reading this letter, we need people like 
you to be a part of  this effort. We can have a big impact on viper conservation; we can make a difference by changing the trajectory 
of  declines and preventing extinctions of  viper species. But to really make an impact, we need to do it together. If  you are not yet a 
member of  the Viper Specialist Group, I encourage you to contact the regional coordinator where you live and join our team. Share 
data, promote your work and the work of  others, volunteer on someone else’s project; work together as a united voice for viper  
conservation. 

Christopher L. Jenkins, PhD
Chairman, IUCN Viper Specialist Group
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VSGchairs

Chris Jenkins, Ph.D.
VSG Chairman

As the founder and current 
Chairman of  the International Union 
for Conservation of  Nature’s (IUCN) 
Viper Specialist Group (VSG), I am 
responsible for the development 
of  strategic direction, building our 
steering committee and membership, 
and implementing our conservation 
programs. I founded the VSG in 2009 
and formed a steering committee of  
viper conservation biologists from 
each region of  the world and built a 
membership that includes hundreds 
of  people from many countries. I 
also appointed a Red List Authority 
Coordinator who recruited individuals to 
form the VSG Red List Authority. I have 
worked with our committee, membership 
and Red List Authority on many projects 
for the conservation of  vipers. 

For example, 1) we are currently 
working with IUCN to conduct updated 

status assessments for all the vipers of  
the world; 2) we have hosted multiple 
VSG meetings to foster partnership 
among members; 3) we published the 
first global analysis of  conservation 
priorities for vipers; 4) we are beginning 
the process of  conducting regional 
conservation action plans; 5) we are 
currently working to prioritize land 
conservation efforts for endangered 
viper species; and 6) we are working with 
IUCN to help develop a Reptile and 
Amphibian Subcommittee, which will 
give reptile and amphibian conservation 
biologists a significant voice within 
IUCN.

I have a B.S. and M.S. in Wildlife 
Biology from the University of  
Massachusetts and a Ph.D. from Idaho 
State University where I worked on the 
conservation biology of  Great Basin 
Rattlesnakes. I founded The Orianne 
Society and currently hold the position 
of  Chief  Executive Officer. Orianne is 
a science-based, applied conservation 
nonprofit focused on saving imperiled 
species of  reptiles and amphibians. 
As CEO of  Orianne I have had the 
opportunity to play a role in the 
conservation of  a variety of  species, 
including but not limited to Eastern 
Indigo Snakes, Gopher Tortoises, 
Eastern Diamond-backed Rattlesnakes, 
Hellbenders, Timber Rattlesnakes, Wood 
Turtles and bushmasters. 

In the past I have worked for 
a variety of  groups including the 
Wildlife Conservation Society, National 
Geographic, the United States Forest 
Service, and the United States Fish and 
Wildlife Service. My career has found 
me working on a wide range of  species 
conservation issues in many places, but 
my greatest interest is in the conservation 

of  vipers. While much of  my days 
are spent running a nonprofit, I have 
carved out the time to have a pet project 
where I work in a focused way on the 
conservation of  Timber Rattlesnakes in 
the Appalachian Highlands of  eastern 
North America. 

Stephen Spear, Ph.D.
VSG Deputy Chairman

As Deputy Chairman of  the VSG, I 
am primarily responsible for serving as a 
liaison between the regional coordinators 
and the chairman. I also am available 
to help regional coordinators identify 
new members for the specialist group, 
as well as to answer any questions that 
they may have. I am excited to be able 
to serve the VSG because I have been 
interested in viper conservation since 
I was a child. Growing up in central 
Virginia, Copperheads (Agkistrodon 
contortrix) were our native viper species, 
and I successfully lobbied my parents to 
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leave this secretive snake alone whenever 
it ventured into our yard or across the 
driveway. I even saved up my allowance 
to “adopt” the Copperhead at the local 
nature center.

 I didn’t formally work with vipers 
until after I finished my doctoral degree. 
I had the opportunity to work on an 
Orianne Society project with Midget-
faded Rattlesnakes (Crotalus oreganus 
concolor), a dwarfed subspecies of  the 
Western Rattlesnake and a species of  
concern in Wyoming. Along with my 
collaborator, we conducted surveys 
of  snakes at den sites, field validated a 
model that predicted den habitat and 
investigated genetic relationships between 
snake populations. Beyond getting to 
work with these fascinating little vipers, 
the project taught me about strategies for 
conserving species that the public may 
not appreciate. The study was initiated 
because of  concerns about the ways 
oil and gas development might impact 
snake dens. Because we had a proven 
fine-scale model of  snake denning 
habitat, we were able to suggest specific 
locations to avoid, which was much more 
acceptable than advocating for an entire 
landscape to be restricted. At the same 
time, we demonstrated that low-use roads 
restricted gene flow among populations 
and therefore even these small vipers are 
not immune from the pressures of  large-
scale land development.

In the seven years since starting that 
rattlesnake project, I have continued to 
work on viper conservation projects. 
Currently I am involved in an effort to 
conserve the Black-headed Bushmaster 
in Costa Rica. Black-headed Bushmasters 
are among the rarest and secretive 
of  all snakes, and we currently lack 
information on their current distribution 
as well as their population status. Over 
the last four years, we have conducted 
visual surveys in known bushmaster 
habitat with no success—in fact, the 
project’s first bushmaster came last year 
thanks to a reported sighting by a local 
landowner. We were able to track that 

snake for three months and learned that 
this female bushmaster had a very small 
home range and was completely solitary 
the entire time. The combination of  
restricted movement and low density 
explains why they are so difficult to find. 
We are currently experimenting with 
using a conservation detector dog to find 
bushmasters in a manner that is safe for 
the dog. Controlled trials have gone well 
so far, and we are excited to do a field 
trial with the dog in early 2017. If  the 
dog is effective, we will be able to survey 
the bushmaster’s historic range in Costa 
Rica and understand where the snake still 
exists so we can protect populations.

In addition to your regional 
coordinator, please feel free to contact 
me if  you are interested in joining the 
Viper Specialist Group or if  you have 
questions about viper conservation in 
general. I am currently the Director of  
Wildlife Ecology at The Wilds in Ohio, 
USA, and can be reached at 
sspear@thewilds.org. 

Johannes Penner
VSG Red List Authority Coordinator

One of  the most important tools 
in conservation is the global Red List 
which is maintained by the IUCN. A 

vast range of  species covering most 
vertebrates, but also various other taxa, 
are assessed globally (http://www.
iucnredlist.org/). A catalogue of  criteria 
is used to make sure that assessments 
are comparable and scientifically robust. 
Criteria range from Least Concern over 
Near Threatened to the three Threatened 
categories: Vulnerable, Endangered and 
Critically Endangered. There are also 
the self-explaining categories Extinct 
and Extinct in the Wild, plus for species 
with not enough data, Data Deficient. 
Data to inform these categories fall into 
five classes: three different measures of  
population size, geographic range and 
quantitative population viability analyses. 
For the majority of  species, the current 
assessments are based on the geographic 
range, meaning the distribution of  a 
species which is commonly calculated as 
the area of  occupancy and/or extent of  
occurrence.

My role is to serve as the main contact 
point for the IUCN Red List. This 
means that I coordinate which species 
are included in the Red List by reviewing 
the current taxonomy together with 
colleagues. In addition, I coordinate the 
provision of  data for the assessments 
and the review of  the assessments. 
Quite often I am doing that myself  and 
working in close collaboration with Phil 
Bowles, who is the coordinator of  the 
Global Reptile Assessment. Furthermore, 
I make sure that all assessments adhere 
to the standards of  the Red List and 
that the criteria are adequately met. In 
recent times, I also reviewed assessments 
of  the trade (including for CITES, the 
Conservation of  International Trade of  
Endangered Species).
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Heidi Hall
VSG Program Manager

As the Program Manager of  the VSG, 
my responsibilities include determining 
how to make information flow between 
the officers, regional coordinators, 
membership and the general public. 
Though a wildlife biologist by education 
and training, this is not my role in the 
VSG. I act as the pivot point within the 
group through which information flows, 
including scheduling VSG meetings 
and sending the meeting minutes to the 
group, requesting information from 
regional coordinators and membership, 
designing the newsletter, updating the 
VSG social media pages, and looking for 
opportunities for the VSG to meet and 
expand our reach. 

Though I do not formally conduct 
research on or work with viper species, 
I do have a passion for the conservation 
of  these species which I consider the 
underdogs of  the conservation world. 
I understand and respect their place 
in our ecosystems and have a broad 
desire to educate the public on their 
importance. I have worked for The 
Orianne Society, a reptile and amphibian 
conservation group headquartered in 

the United States, for the past eight 
years looking for ways to educate the 
public, promote the conservation efforts 
of  the organization, and expand our 
conservation reach. If  you are interested 
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in contributing information to the VSG 
or volunteering to assist with our social 
media efforts, please contact me at 
hhall@oriannesociety.org. 

Jelka Crnobrnja-Isailovic, Ph.D.
Regional Coordinator for Europe
jelka.c.i@gmail.com

Rulon W. Clark, Ph.D.
Regional Coordinator for North 
America
rclark@mail.sdsu.edu

Kevin R. Messenger, M.S.
Regional Coordinator for East Asia
herpsrule2@aol.com

Anita Malhotra, Ph.D.
Regional Coordinator for East Asia
a.malhotra@bangor.ac.uk

Pritpal Soorae, M.S.
Regional Coordinator for West Asia/
North Africa
psoorae@wildlife-services.com

Bryan Maritz, Ph.D. 
Regional Coordinator for Sub-Saharan 
Africa
bryanmaritz@gmail.com

Luca Luiselli 
Regional Coordinator for Sub-Saharan 
Africa
l.luiselli@ideccngo.org

J. Jesús Sigala-Rodríguez, Ph.D.
Regional Coordinator for Mesoamerica
jjsigala@gmail.com

Marcio Martins, Ph.D.
Regional Coordinator for South 
America
martinsmrc@usp.br

William S. Brown
wbrown@skidmore.edu 

C. Edith Esparza-Estrada 
calli.edithsita@gmail.com

Irene Goyenechea 
ireneg28@gmail.com

Herpactive
ophidian_nirmal@ yahoo.com 

Asghar Mobaraki 
amobaraki@yahoo.com 

Ian Recchio
Ian.recchio@lacity.org 

Chris Rodriguez
Chris.rodriguez@lacity.org 

Alexandru Strugariu 
alex.strugariu@gmail.com

Andriy Tupikov
a.i.tupikov@gmail.com

Stefan R. Zamfirescu
s.zamfirescu@gmail.com

Oleksandr Zinenko 
zinenkoa@yahoo.com
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During 2009-2016, a team of  
Romanian researchers and volunteers, 
funded through grants from the 
Romanian Research Council (2009-
2011 to SRZ), Societas Europaea 
Herpetologica (2012-2013 to AS) and 
the Mohamed bin Zayed Species 
Conservation Fund (2014-2016 to AS), 
conducted surveys in all previously 
known as well as potential habitats of  
the critically endangered Moldavian 
meadow viper (Vipera ursinii moldavica) 
from eastern Romania. Our primary 
general objective was establishing a 
solid scientific background for the 
conservation of  the taxon. Specifically, 
our main activities consisted in 
detailed mapping of  viper populations, 
investigating population structure, 
variations in activity patterns, 
microhabitat use and life history 

traits, as well as routinely monitoring 
potentially harmful human activities 
(especially in Romanian Moldavia = 
N-E Romania). We’ve succeeded in 
extending the known local ranges for 
several populations, both in Romanian 
Moldavia and in the Danube Delta. For 
two populations (one from the Danube 
Delta and one from Moldavia), the 
updated ranges have been more than 
doubled. Based on our results, one 
Natura 2000 site has been extended 
in order to legally protect the newly 
identified habitats populated by 
vipers. Despite our efforts, the future 
of  the Moldavian meadow vipers in 
Romanian Moldavia seems bleak. 
Since 2012, regular vegetation fires, 
plowing of  previously pristine steppic 
grasslands populated by vipers (>30 
ha), year-round overgrazing (including 

dry winters) and mechanical mowing 
have greatly affected all Moldavian 
populations, and more than 50% of  
the previous habitats now appear 
unsuitable for the species. 

by Alexandru Strugariu & Ștefan R. Zamfirescu

Adult female Moldavian meadow viper 
(Vipera ursinii moldavica) from the Danube Delta. 
Photo by A. Strugariu, 2013.

Bleak   fate   of   the   Moldavian   meadow   viper in   
Romanian   Moldavia 

Region: Europe and North Asia
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Assessment of  current distribution have led to a  
puzzle about drivers of  local extinction of  Steppe viper 
in Eastern Ukraine

by Andriy Tupikov & Oleksandr Zinenko
The natural habitat of  the Steppe viper Vipera renardi 

Christoph, 1861 is the steppe, which in the past covered up to 
40 per cent of  the territory of  Ukraine. Most of  steppe had 
been plowed in the first half  of  20 century with small patches 
left on steep slopes, ravines, sandy soils. As a consequence of  the 
habitat loss, a number of  populations of  steppe viper decreased 
drastically and the northern border of  the distribution shifted to 
the south. The project aimed to assess the current state of  the 
population of  the Steppe viper in the Kharkiv region, Eastern 
Ukraine was funded by The Rufford Foundation. Eleven 
historical localities of  V. renardi in the Kharkiv region were 
visited and snakes were searched by a team of  herpetologists 
in 2014. Surprisingly, most of  the historical localities show 
satisfactory preservation of  the habitats, but neither our, nor 
earlier attempts to find snakes were successful. In a summary, 8 
out of  11 historical populations were lost with last observations 
falling to the late 1970th, three were confirmed and two new 
localities were found. A number of  possible factors may 
have led to local extinction events. Small isolated populations 
may be under the threat of  genetic impoverishing, stochastic 
extinction because of  reaching low population densities in the 
years of  depression. Intensive agricultural areas, which surround 

habitats, may be the source of  pesticides and other chemicals 
pollutant, especially in the 1980th, when due to bad planning 
Kharkiv region used three times more agricultural chemicals 
when compared to the neighboring regions of  Ukraine. Further 
studies are needed to elucidate causes of  extinction. In addition, 
the project outreached local communities and number of  
public events advertising value of  the natural steppes and their 
inhabitants. 

Region: Europe

Juvenile V. renardi from new locality near Zeleny 
Hai, Kharkiv region. Photo by Andriy Tupikov.

The current 
distribution of 
Steppe viper,  
Vipera renardi, 
in Kharkiv  
region, Ukraine. 
Dates of last  
observations of 
extinct  
populations are 
indicated.
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Recent conservation actions on  
vipers in former Yugoslavia

The great part of  the Balkan Peninsula in Southern Europe consists of  small countries once being united in Socialistic 
Federative Republic of  Yugoslavia. Ex-Yugoslav countries have been a subject of  political and economic transition since 
the last decade of  20th century. Almost 30 years after, the results are not so good for the local science, especially for 
basic biological disciplines. It is difficult to maintain continuity of  ecological studies due to scarce national funding. 
However, formally considered as separate entities, Slovenia, Croatia, Bosna and Herzegovina, Serbia, Montenegro and 
Former Yugoslav Republic of  Macedonia have relatively rich viper fauna in European terms – Vipera ammodytes and 
Vipera berus are widely spread, and certain clades of  Vipera ursinii inhabit specific parts of  ex-Yugoslavia. Additionally, 
Slovenia harbours some edge populations of  Vipera aspis. 

Lack of  substantial government support and the fact that the vipers of  Western and Central Balkan are formally not 
considered as globally threatened, except one, do not enable much funding opportunities to local viper experts. In 2001-
2010 the national ministry in charge of  science in Serbia provided funds for the establishment of  the first monitoring 
and conservation study on vipers in the former Yugoslavia, e.g. on V. ursinii in Montenegro, through the national project 
“Evolution in Heterogeneous Environments”, also supported by a Societas Europea Herpetologica Conservation Grant 
in 2003. The initiative for viper conservation spread and resulted in new actions in Croatia and Former Yugoslav 
Republic of  Macedonia. Since 2010 changes in national funding strategy, at least in Serbia, entered the “dark age” for 
ecological research, but the light in the tunnel has been The Rufford Foundation that offers Small Grants for Species 
Conservation, now mainly to PhD students and young researchers in developing countries. In summary, The Rufford 
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by Jelka Crnobrnja Isailovic

Region: Europe

Vipera berus bosniensis from Serbia 
Photo by Aleksandar Simović.

From Left to Right: Ivona Burić, Aleksandar Simović, Dušan Jelić, Tijana Čubrić and Vernes Zagora and team. 
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Foundation so far has funded six 
conservation projects on vipers in 
former Yugoslavia. Four were on V. 
ursinii: Bosnia and Herzegovina, first in 
2011-2012 (project coordinator: VSG 
member Dušan Jelić - got his PhD 
degree at Faculty of  Natural Sciences 
University of  Zagreb in 2012), and again 
in 2014-2015 (project coordinator: 
Ivona Burić, got her MSc degree at  
Faculty of  Natural Sciences University 
of  Zagreb in 2012); Montenegro, first 
in 2015 and second in 2016 (project 
coordinator: Vernes Zagora, student 
at Faculty of  Natural Sciences and 
Mathematics University of  Podgorica). 
One grant won conservation project 
on V. berus bosniensis in Serbia in 2015 - 
2016 (project coordinator: Aleksandar 
Simović, student at Faculty of  Biology, 
University of  Belgrade). Conservation 
of  V. ammodytes was supported so far 
by one grant in 2016-2017 in Serbia 
(project coordinator: Tijana Čubrić, 
PhD student at Faculty of  Sciences and 
Mathematics University of  Niš). 

Apart from substantial contribution 
to the detailed distribution mapping of  
species presence in the area, the realized 
benefits of  these projects were in getting 

more knowledge on actual threats and 
people attitude toward the local vipers. 
For local V. ursinii populations, habitat 
loss appeared as the main threat, 
happening as a consequence of  either 
substantial reduction of  traditional 
grazing or by increased number of  
accidental fires. Both are supposed 
to have been induced by political/
economic transition and the second 
also by the recent climate change. 
Development of  mountain tourism 
in a non-ecological way is additional 
problem, as tourist groups increase 
anthropogenic pressure on habitat and 
often deliberately kill the vipers. 

Vipera berus bosniensis in Serbia is 
mostly distributed in the mountains 
south from the Sava and the Danube 
rivers, but this viper is also known from 
the wetlands and solitary mountains 
in the northern, flatland part of  the 
country. In the lowlands, the main 
threat for the species is habitat loss 
due to intensive habitat conversion 
into the agricultural land that started 
in historical times but continues 
nowadays. It has been accompanied 
by habitat degradation, due to 
overexploitation of  autochthonous 
oak forests and their replacement  with 
other tree species or simple habitat 
conversion to agricultural field/
human settlement. Traditional negative 
attitude toward snakes increases threat 
of  intentional killing even in places 
where local inhabitants are not aware 
of  the presence of  a venomous snake. 

Being the most widespread viper 
in the Balkan Peninsula and globally 
Least Concerned, V. ammodytes seems 
not an attractive subject for funding by 
international conservation agencies. 
However, The Rufford Foundation 
recognized general problem that tackles 

vipers in undeveloped countries - a lack 
of  systematic monitoring and absence 
of  quantification of  population status 
and threats. The project that was 
funded on the territory of  Serbia 
helped in evaluating impact of  global 
education on nature protection versus 
traditional attitude toward snakes in 
this part of  the species area.

In summary, we can conclude that 
in Europe since 2001 a plenty of  work 
has been done in one of  the areas 
with regionally high viper diversity 
(countries of  former Yugoslavia 
are also a part of  one of  the three 
European biodiversity hot-spots), 
but mainly in the form of  short-term 
projects. The strong negative impact 
of  the political/economic transition 
on professional ecological research in 
the target countries warns that as fast 
as viper conservation studies appeared 
they also could decline. Therefore, 
the Viper Specialist Group should 
help in the development of  general 
strategy about how to maintain long 
term conservation projects on not-so-
charismatic vipers.

V.ursinii from Bosnia & Herzegovina 
Photo by Ivana Burić

Vipera ammodytes from Serbia 
Photo by Tijana Čubrić
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Sustainable Management and Conservation 
of Venomous Snakes in Iran

Region: West Asia/North Africa

M. albicornuta after which was released 
after milking
Photo by Asghar Mobaraki

Viper (Macrovipera lebetina), Radde’s 
Viper (Montivipera raddei), and Persian 
horned Viper (Pseudocerastes  persicus) 
which have a wide distribution and 
very close contact with the local 
people and communities. This can 
result in snake bite and conflict with 
humans, especially considering 
their life styles that is directly 
contacted with the wild. Like other 
parts of  the world, the production 
of  snake anti venom is an option 
to save the victims and for this 
reason, harvesting of  the species is 
inevitable, which in turn provides 
some problem for the snake species 
from a conservation point of  view.

  Regarding the conservation point, 
control of  the harvesting of  the 
species is necessary, and needs 

 Herpetofauna of  Iran plays  an 
important role from a biodiversity 
point of  view. At least 76 species of  
snakes and 136 species of  lizards 
have been recorded in the country 
(Mozafari and et al 2016) a number 
which is subject to changes due to 
genetic research and the recording 
or describing of  new species. 
Among these groups are venomous 
snakes of  the family Viperidae 
containing about 13 species 
(uncertainty in disrtribution) receive 
significant attention considering the 
wildlife-human conflicts, harvesting 
for anti-venom production,  
medicinal importance, distribution, 
conservation status and so on. Some 
of  these species include the Saw 
scale Viper (Echis carinatus), Caucasian 
Pit Viper (Gloydius halys), Levantine 

by Asghar Mobaraki

for cooperation and co-ordination 
between the harvesting bodies, 
mainly Razi Vaccine and serum 
Research Inst., and Department 
of  the Environment as the legal 
governmental body responsible for 
the wildlife species in the country. 
Following this way, a memorandum 
of  agreement was set between 
the two bodies with the main goal 
of  sustainable management and 
conservation of  the snake species. 
Several measures were proposed in 
the agreement in order to achieve the 
goal in which the main ones were: 
a) excluding the harvest of  Latifi’s 
Viper (Montivipera latifi) and Alborz 
Viper (Vipera ebneri) from harvest, b) 
obtaining a permit for harvesters 
based on the annual needs and official 
request, c) releasing of  the snakes to 
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the wild, harvested area, after milking, 
d) on site milking-release of  the snakes 
to prevent transporting them to the 
main office of  Razi Inst., e) decrease 
the number of  the harvested snakes 
and, f) collecting of  scientific data on 
the species.

  With exception of  the official 
agreements, the Department of  the 
Environment is the only responsible 
body for the conservation and 
protection of  the wildlife species, 
based on Game and Fishing law, and 
have set a fine for any illegal harvest 
of  the species, ranging from 3 to 10 
million Rilas( app. US$ 100-300) and 
listing some species as nationally 
protected ones. Any harvest without 
official permission from DOE is 
subject to fine and prohibited. 

  Less dependency on wild stock 
harvesting and decreasing the harvest 
is an important goal in order to save the 
the populations of  venomous snake 
species in Iran. There is some interest 
outside of  the country to study the 
snake species of  Iran, causing illegal 
collection and sampling, which in turn 
seems to be as a threat to the species.                 

P. persicus collected for milking.  Photo by Asghar Mobaraki.
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Pit Viper Expedition with Herpactive

The Crotalinae, or crotalines, are a subfamily of  venomous vipers found in Asia and the Americas. They are distin-
guished by the presence of  a heat-sensing pit organ located between the eye and the nostril on either side of  the 
head.

The Pit Viper Expedition is held annually during the South West monsoon month of  July. It targets pit viper species 
for data collection on habitat, taxonomy, color morphs and abundance besides collection of  habitat preference data 
and photo documentation of  other Herpetofauna. The 3 species of  pit vipers are the Hump Nosed Pit viper (Hypnale 
hypnale), Malabar Pit viper (Trimeresurus malabaricus) and Bamboo pit viper (Trimeresurus gramineus).

For those who wish to undertake an adventurous trekking and survey expedition through Western Ghats canopy for-
ests, cross the seasonal monsoon waters at picturesque locales and are game on braving high humidity and excessive 
rainfall, this trip is meant for you. Our expedition will take us through pristine Western Ghats forests in the states of  
Goa Karnataka and Maharashtra over a period of  5 days.

The team conducts opportunistic and systematic searches and surveys using state of  the art field equipment along-
side trained herpetologists and field experts. Our aim is be to document and collect data on the 3 target species in 
a span of  5 days. We also catalogue other Herpetofauna as well as other lesser-known fauna as we traverse through 
unchartered forests, connect with communities and help prepare a database for this region.

Essentials include physical fitness and ability to brave challenges in the South West monsoons. Basic experience in 
working in field conditions in forest areas and affinity for lesser-known biodiversity is an added essential. The region 
encompasses the states of  Goa, Karnataka and Maharashtra and is part of  the Western Ghats landscape.

More information can be found at www.herpactive.com or email ophidian_nirmal@ yahoo.com

Region: East Asia

  
Photo by Herpactive

by Nirmal Kulkarni
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The Catalina Island rattlesnake 
(Crotalus catalinensis) is listed as Critically 
Endangered by the IUCN. It is 
endemic to the tiny remote island of  
Santa Catalina in the Gulf  of  California, 
also known as the Sea of  Cortez. The 
island terrain is rugged and rocky with 
many narrow arroyos that are heavily 
vegetated. These washes appear to be 
the preferred habitat for C. catalinensis as 
they have been observed in numbers 
both at night and during the day in 
these areas. This species has also been 
observed both basking and hiding in 
rocky hillsides bordering the washes. 
C. catalinensis exhibits an advanced 
“rattleless” trait that certainly has 
some survival advantage, but is 
not completely understood. When 
alarmed, individuals will shake their 

tails, but without audible results. Two 
distinct color forms can be found 
throughout the island—brown and 
faded-gray, the latter of  which is the 
less common variation.

The species faces several pressures 
on its survival. One of  the most 
devastating is the introduced feral 
cat population. Evidence of  the cats’ 
carnage and habitation are evident 
throughout the landscape. Other 
threats include illegal collecting for 
the exotic pet trade and the impact of  
rising sea levels, which is of  increasing 
concern with regard to island 
biodiversity globally. Parasitism and 
diseases are understudied and could 
potentially have a negative impact on 
C. catalinensis. Pentastomids were found 

in each of  the six (6) specimens we 
collected from a small arroyo on the 
southeastern side of  the island. The 
impact of  this infection is unclear and 
these animals remain asymptomatic 
in their captive situations. However, 
it is an indication that further study is 
needed.

Goals and Observations:
In 2009, the Los Angeles Zoo (LAZ) 

in collaboration with the Universidad 
de Nuevo Leon (UANL) developed 
a conservation plan for this species 
and formed a team of  biologists from 
UANL, LAZ, and San Diego Zoo 
(SDZ) to implement it. These facilities 
maintain significant collections of  
rare and threatened viper species, 
and, to their credit, have successfully 

by Ian Recchio & Chris Rodriguez

A wild example of the more common pattern phase 
of C. catalinensis. 
Photo by  Ian Recchio

A Captive Breeding Program for the Endangered Catalina Island  Rattle-
snake (Crotalus catalinensis), Field Observations, and Husbandry  Advances 
at the Los Angeles Zoo.

Region: Mesoamerica
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reproduced many species within 
this family of  snakes. The initial 
goal was to collect specimens of  C. 
catalinensis as founders to establish 
captive breeding programs in order 
to maintain an assurance population 
under close captive management. 
With the endorsement and permits 
supplied by the required Mexican 
government authorities, the team 
was granted approval for 12 live 
specimens to be collected on two 
separate permits for export to the 
United States.

Two collection and research trips 
were undertaken—the first in 2009 
and a second in 2011. The quota 
of  12 animals was quickly met and 
these trips resulted in a number 
of  interesting observations and 
publications. During these trips, 
our team observed C. catalinensis 
active both by day and night in the 
spring. It was not uncommon to 
see this slim-bodied species agilely 
navigating the branches of  small 
trees in the evening, presumably 
hunting for the many sleeping 
rodents we observed. It was noted 
that all of  the feces from these 
wild-collected specimens contained 
rodent fur, and a few included signs 
of  Catalina Island desert iguana, 
(Dipsosaurus catalinensis) scales. No 
evidence of  bird parts was found in 
C. catalinensis feces.

On April 23, 2009, our team 
observed, and later captured, a 
large gray-patterned female C. 
catalinensis outstretched on a rolling 
rocky hillside in late morning. Two 
months later, she gave birth while in 
captivity. Other notable observations 
included groups of  Santa Catalina 
Island spiny lizards (Sceloporus 
lineatulus) congregated at the base of  

fruiting cardon cactus feeding on the 
fallen seed pods. Author IR observed 
but did not secure a black-headed 
snake (Tantilla sp.) foraging around 
the scorpion-infested rock piles of  
an arroyo during an evening walk. 
Tantilla has not been officially recorded 
on the island. The beauty of  this 
island cannot be overstated and the 
biodiversity it offers is extraordinary. 
Many secrets remain to be uncovered 
by future biologist on this small but 
diverse slice of  earth.

Captive Husbandry and Reproductive Strategies:
The LAZ has successfully housed 

specimens of  C. catalinensis in different 
types of  exhibits and enclosures. It 
should be noted that in the past, wild-
collected specimens of  C. catalinensis 
rarely reproduced and in many cases 
failed to thrive in captivity. The 
species died off  completely in North 
American zoo facilities by the early 
1990s. We felt that advancements in 
viperid husbandry and sound captive 
management would yield better long-
term success. As expected, this snake 
requires xeric conditions with an 
ambient daytime temperature range 
of  26–30° C and a midday basking site 
reaching 37-43°C.

At LAZ, substrate consists of  a 
mixture of  sand, gravel, and rock for 
exhibit display; finely ground pine 
chips or shredded pine for non-exhibit 
enclosures works well. It is necessary 
to provide one or more pieces of  
deadfall or hide boxes, which are 
utilized heavily by these rather shy 
rattlesnakes. It is important to keep 
in mind when setting up any perching 
in the exhibit that these snakes have 
arboreal tendencies and, unlike other 
heavy-bodied rattlesnakes, are able 
to reach the very tops of  walk-in 
exhibits. Adult pairs may be housed 

together, however, care must be taken 
while feeding, as these snakes are easily 
excited and prone to bite cagemates. 
C. catalinensis may be housed in group 
settings, permitting that only a single 
male is matched with multiple females. 
Male rattlesnakes are quick to bite 
other males when housed together.

With this species, it is essential 
to feed each individual separately. 
From the time they are neonates, 
these rattlesnakes feed aggressively 
on rodents and they will become 
frenzied when food is present. Due 
to their voracious nature, it is easy 
overfeed. At LAZ, female’s food intake 
is limited only during the nonbreeding 
months, while the males are kept 
leaner throughout the year. Increased 
breeding behavior and higher birth 
rates have been observed from leaner 
males as compared with obese males. 
We cannot over-emphasize the negative 
health affects of  obesity on captive 
viperids.

C. catalinensis is likely active year-round 
when optimal activity temperatures are 
reached, however, we have determined 
that a 5-10°C decrease in temperature 
during the winter months will stimulate 
breeding in the spring. Ultimately, 
the best reproduction occurs when 

Typical habitat of C. catalinensis
Photo by Ian Recchio
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pairs are kept together all winter. These pairs are 
temperature cycled, cooled down slowly in the fall 
and warmed up together in the spring. Copulation 
occurs in February and March just prior to the 
peak warming temperatures. These snakes reach 
maturity at a minimum of  three years of  age both 
in captive and wild populations. Parturition occurs 
during the rainy season from July through August 
and litter size ranges from one to six offspring at 
our facility. Females can produce healthy litters for 
consecutive years given optimal conditions. Unlike 
most rattlesnake species, C. catalinensis does not have 
any noticeable sexually dimorphic characteristics 
and therefore is very difficult to sex. Sexing is 
carried out via probe or by counting subcaudal 
scales, but even these proven methods can be 
inconclusive. The subcaudal database contains 
62 individuals and their corresponding genders, 
establishing baseline counts for this species.

Results:
To date, all 12 founder specimens remain alive at 

the participating facilities. The captive population 
is currently at 32.30.1 (63) distributed among 12 
Association of  Zoo and Aquarium (AZA)-accredited 
facilities. This project has progressed beyond 
our expectations. Several additional professional 
facilities have requested to work with the species, 
ensuring more valuable space and resources for the 
breeding program. The studbook was published by 
Chris Rodriguez of  LAZ in March 2017. This can be 
accessed via the AZA website at www.aza.org. The 
genetic analysis and breeding and transfer plan are 
scheduled for evaluation in April 2017. This project 
not only maintains a viable and sustainable group 
of  specimens, but also encourages interest in and 
education about this extraordinary and endangered 
viperid for the millions of  visitors to the facilities 
exhibiting it.
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A litter of six C. catalinensis born at Los Angeles Zoo to a gray phase 
female and an unknown wild sire, both color forms are represented in the 
litter. Photo by Ian Recchio
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Rattlesnakes, as any species, are a 
combination of  evolution, speciation 
and adaptive radiation (Campbell and 
Lamar, 2004), they are only distributed 
in the Western Hemisphere, and its 
evolutionary history indicates that 
they originated in Mexico (Blair and 
Sánchez, 2016). Rattlesnakes are part 
of  the viper family (Viperidae), and 
the pitviper subfamily (Crotalinae) 
and share with them many ecological 
and morphological characteristics; for 
example, they all are venomous, have 
stout bodies, feed mostly on mammals 
as adults, and have paired pits between 
the nostrils and the eye that allow 
them to form infrared images in their 
brain, thus enhancing their perceptive 
abilities (Figure 1). However, 
rattlesnakes are distinguished easily 

from all other vipers by the rattle in 
their tails, a structure that they use to 
alert other animals of  their presence. 
México has, by far, the largest number 
of  species of  rattlesnakes in their 
territory, and a consequence of  this, 
is that this group of  enigmatic snakes, 
are an important part of  the biological, 
cultural and historical diversity of  this 
country. 

The lack of  specific conservation 
objectives and species to be protected 
or prioritized, constitutes one of  the 
main barriers to conservation of  species 
and the ecosystems they depend from 
(Sigala-Rodríguez and Vázquez-Díaz, 
1996). The vulnerability to extinction 
may be associated with a combination 
of  factors that affect species 

differently, thus understanding the 
mechanisms that make some species 
more susceptible to extinction than 
others is important for conservation 
plans, in order to focus on those 
species that require more attention 
(Gaiarsa et al., 2015). Species respond 
differently to the threats they face as 
a result of  their evolutionary history, 
behavior and ecological characteristics 
(Isaac and Cowlishaw, 2004; Machado 
and Loyola, 2013), and are expected 
to differ in their conservation needs. 
Here, we evaluate the risk to extinction 
of  the species of  the genus Crotalus 
distributed in Mexico based on their 
biological characteristics and the 
extrinsic threats they face, and identify 
priority areas for their conservation 
based on values obtained in the species 

by C. Edith Esparza-Estrada, J. Jesus Sigala-Rodríguez & Irene Goyenechea

A close-up of a Mexican black-tailed Rattlesnake 
(Crotalus molossus nigrescens) 
Photo by Jesus Sigala-Rodríguez

Mexican rattlesnakes: 
Which species should we protect?

Region: Mesoamerica
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priority index. 

Three indices were estimated for 
this study: 1) an intrinsic index of  
vulnerability to extinction (Gaiarsa 
et al., 2015), calculated from five 
factors: body size, fecundity, 
dietary specialization, geographical 
distribution and range elevation; 2) 
an extrinsic index of  vulnerability 
to extinction (Gaiarsa et al., 2015), 
calculated from three factors: 
percentage of  available habitat, 
percentage of  protected natural 
areas and human influence within 
the distribution; and 3) a taxonomic 
singularity index (Vane-Wright et al, 
1991) calculated from the phylogeny 
of  the genus, using four values: value 
I, a basic measure of  taxonomic 
information (I, number of  nodes 
involved in each terminal); value Q 
(taxonomic weight value, Q = I total / 
I individual), this quantity represents 
the value that each taxon contributes 
to total diversity of  the group; value W 
calculates a standardized weight for 
each terminal taxon (W = minimum Q 
/ Q) and the value P that represents 
the percentage contribution of  each 
terminal taxon to total diversity. 
With the values obtained in the three 
indices described above, a species 
priority index was estimated, the value 
obtained correspond to the priority 
level for each species. Subsequently, 
the values obtained in the priority 
index were used as weight to identify 
priority areas for conservation from 
a spatial prioritization analysis 
performed in the Zonation software 
(Moilanen et al., 2005). Zonation 
priorized hierarchically the landscape 
(in this case Mexico), preferring areas 
where most of  the diversity is expected 
to be protected.

We evaluated 29 species of  the 

genus Crotalus distributed in Mexico 
for which we had information for the 
indices to be produced: Crotalus aquilus, 
C. atrox, C. basiliscus, C. campbelli, C. cerastes, 
C. culminatus, C. enyo, C. intermedius, C. 
lepidus, C. mitchellii, C. molossus, C. polystictus, 
C. pricei, C. pusillus, C. ravus, C. ruber, C. 
scutulatus, C. simus, C. stejnegeri, C. tigris, C. 
totonacus, C. tlaloci, C. triseriatus, C. tzabcan 
and C. willardi. The intrinsic index of  
vulnerability to extinction identified 
species like C. atrox, C. ruber, C. mitchellii, 
C. scutulatus and C. aquilus as important. 
The extrinsic index of  vulnerability to 
extinction highlighted species like C. 
polystictus, C. aquilus, C. basiliscus, C. ravus 
and C. willardi. Finally, in the taxonomic 
singularity index species that obtained 
high values were C. pricei, C. intermedius, 
C. ravus, C. campbelli and C, polystictus. 
With the information of  each index, a 
classification of  the species according 
to their conservation priority was 
obtained, where species like C. pricei, 
C. ruber, C. willardi and C. transversus 
stand out with some of  the highest 
values (Figure 2). The priority analysis 
highlighted high priority areas in the 
central, northwestern and southern 
of  the country; those high priority 
areas were compared with the Natural 
Protected Areas system (or ANP for its 
acronym in Spanish) in Mexico and we 

found that most of  ANP´s coincided 
with medium and low priority areas 
from our analysis.

Some of  our results depend heavily 
on the most defined phylogeny, and 
could change as more advancements 
are made on that front; we also rely 
on the biological and ecological 
information available for each 
species, and as we gather that data, 
we will be able to be more precise in 
the priorization or area and species. 
Those and other refinements aside, 
determining the level of  vulnerability 
of  a species is only the first step in 
the conservation efforts. An important 
second step should focus on the need 
to communicate to society which 
species are more in need of  protection, 
and by integrating biological, social 
and political aspects we will be able 
to generate specific conservation 
proposals with more probabilities to 
be successful.
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A Red Diamond 
Rattlesnake 
(Crotalus ruber), 
a species that 
is distributed 
in most of the 
Baja California 
peninsula and 
southwestern 
California. Photo 
by Andreas 
Nöllert
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Introduction
In the southeastern Adirondack 

Mountains of  New York near the 
northern limits of  its range, Timber 
Rattlesnakes (Crotalus horridus) occur 
in Appalachian oak-hickory forests 
within the northern hardwoods-
boreal forest transition zone.  Here, 
Timber Rattlesnakes have been under 
continuous field study since 1978.  
Recently, the lifetime reproductive 
biology of  females in a metapopulation 
of  communal overwintering dens 
was studied by the capture-recapture 
method over a 36-year period (1979-
2014).  The present article highlights 
the snake’s reproductive biology 
and prospects for its continuation 
as an important forest floor predator 

in remote areas of  eastern North 
America.

Among the study area’s dens, 
two  (dens B and F) with tractable 
surrounding terrain allowed the 
acquisition of  reliable knowledge of  
the traditional gestating sites used 
predictably by reproductive females.  
Consistent annual sampling at the 
two focal dens, and flexible annual 
sampling at others, took place over a 
time span sufficient to develop capture 
histories for many animals through 
their full reproductive careers.  These 
longitudinal data allowed analysis 
of  the age at first reproduction, 
reproductive cycle lengths, and the 
span of  lifetime reproduction.  My 

aim here is to summarize the basic 
reproductive biology and natural 
history of  this long-lived and slow-
reproducing species.

Relationships and Distribution 
Timber Rattlesnakes are members 
of  a New World clade of  pitvipers 
that includes its closest relatives, 
the Mojave, Prairie, and Western 
rattlesnakes (Crotalus scutulatus, C. viridis, 
and C. oreganus, respectively), which are 
nested within about 30 other species in 
the genus Crotalus.  While the current 
center of  rattlesnake diversity is in 
central Mexico, only C. horridus has a 
North American range that extends 
from the upper Mississippi Valley 
(Minnesota and Wisconsin) to the east 

by William S. Brown

Timber Rattlesnake under a gestation rock.
Photo by Christopher Jenkins

TIMBER RATTLESNAKES: 
LONG-TERM RESEARCH ON REPRODUCTIVE 
BIOLOGY AND CONSERVATION

Region: North America
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coast (New Jersey to Georgia), and from 
the Gulf  coast to the northern border 
with Canada (New York), making it the 
most widely distributed rattlesnake of  
the Eastern Deciduous Forest biome.  
Northeastern Timber Rattlesnakes 
are part of  ancestral populations that 
have been in continuous existence for 
approximately 8,000 years following 
the most recent climatic warming 
and withdrawal of  the latest ice sheet 
(the Wisconsinan glacier) preceded 
by previous glacial events of  the 
Pleistocene over the past 1.5 million 
years, followed by the development 
of  Appalachian oak-hickory forest as 
prime habitat for the species today.

Seasonal Habits, Movements, and Diet
Timber Rattlesnakes in northern 

areas hibernate through the winter 
for 7 months, October through April, 
in underground retreats known as 
dens.  A den enhances winter survival 
and maintains a stable population.  
After emerging, the active season lasts 
for five months, from May through 
September.  Each spring, the snakes 
make long distance migrations 
averaging about 1.5 miles (2.5 km), but 
ranging up to 4 miles (6.5 km), between 
their winter dens and their summer 
foraging grounds.  Mating occurs in 
July and August when individuals of  
both sexes are dispersed throughout 
the landscape.  During the summer, 
rattlesnakes move frequently and may 
be found crossing highways or hiking 
trails, and making unannounced visits 
to houses, back yards, and campsites.  
In its deciduous forest habitat, the 
snake is an important predator of  
small mammals (shrews, mice, voles, 
squirrels) and thus plays an important 
role in the natural food web.

Denning
In northeastern New York, 

accurately identifying permanently 
marked snakes shows that individuals 
rarely transfer to other dens.  
Recaptures indicate a greater than 
99% fidelity to a particular den.  
Despite the high den fidelity, the 
dens generally show only modest 
levels of  genetic differentiation.  To 
explain this apparent paradox, recent 
data emphasize the importance of  
basking areas located between the 
dens that facilitate summer mating 
between individuals from different 
dens.  Because gestation and birthing 
usually occur in basking habitats close 
to a female’s den, newborns are likely 
to follow their mother and adopt the 
maternal den as their own, leading to an 

observed high degree of  den-sharing 
between mothers and their offspring.  
However, gene flow between adjacent 
dens is sufficiently high that the 
dens are parts of  a single genetically 
uniform, but subdivided, population 
known as a metapopulation.  Basking 
sites lead to increased gene flow 
between dens because they provide a 
means by which males can more easily 
locate and mate with post-dispersal 
females from different dens during the 
summer mating season.

Reproduction
Males reach sexual maturity at ages 
of  4 to 5 years, but may not enter 
the breeding cohort until full size is 
attained at around 10 to 12 years of  
age.  Females do not reproduce for the 
first time until an age of  9 or 10 years.  
Adult females have a low birthing 
frequency, reproducing only at 3-year 
to 7-year intervals.  Due to the high 
energy demands of  reproduction, 
only about 40% of  adult females are 
able to reproduce more than once 
during their lifetime.  However, a few 
older matriarchs have been observed 
to reproduce up to seven times over 
a breeding lifespan of  two to three 
decades.

Location of study area of Timber Rattlesnakes 
in northeastern New York with boxed area 
(inset) showing a metapopulation of dens 
among which two (8, 3) were focal dens (B 
and F, respectively) for comparative reproduc-
tive studies  Figure by William S. Brown.

A den inhabited by a local population of 
Timber Rattlesnakes in northeastern New York.  
Large lichen-encrusted boulders and ferns, 
grasses, vines, and small trees are evident. 
Photo: Sheila E. Tuttle.
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and body size have not yet been 
reported in the scientific literature.)

Conservation
A broad view of  rattlesnake 

conservation must include the 
intersection of  two major factors: 
landscape integrity and population 
viability.  The basic distinctions in 
biology of  Timber Rattlesnakes 
across its range will likely be found 
in survival rates, reproductive rates, 
and longevity.  Demographic data 
and basic on-the-ground familiarity 
with one’s study population, along 
with active and on-going conservation 
efforts in the local region, will allow a 
field biologist to protect and manage 
a Timber Rattlesnake population 
anywhere in its range.  Regardless of  
regional adaptations, it is clear that 
in all areas a necessary conservation 
strategy for the species must include 
habitat protection and prevention of  
human taking.

Reproductive Biology and the Empirical 
Approach

Low-frequency reproduction may 
have evolved in Timber Rattlesnakes 
in habitats that are not particularly 
favorable for energy acquisition (e.g., 
short activity season, fluctuations 
in prey abundance).  With their low 
basal metabolic costs and low costs of  
energy acquisition and storage, these 
snakes are able to store considerable 
internal energy without compromising 
thermoregulation, body maintenance, 
or foraging.  Gathering energy prior 
to ovulation may require a long time 
span (years) resulting in prolonged 
reproductive cycles in long-lived 
ambush predators such as rattlesnakes.  
The question of  survival of  females is 
critical to understanding the costs of  
reproduction in low-frequency capital 
breeders, i.e., snakes reproducing on 

energy stored during long periods 
of  yolk formation (vitellogenesis) 
prior to current energy allocations to 
reproduction.  Survival costs, rather 
than fecundity costs, are generally 
considered to be more important 
in determining the evolved level of  
reproductive effort.

In a long-term field study such as 
this, a matrix of  individuals and years 
with arbitrary cut-off  dates necessarily 
must begin and end somewhere.  
One may envision an initial as well 
as a terminal “time slice,” each of  
which defines the boundaries of  the 
longitudinal dataset, but with no 
particular way to predict where the 
ages and reproductive states of  the 
included individuals may fall.  The 
capture histories may be biased by 
well-recognized sampling problems 
with the vertical time slices through a 
population in which the starting slice 
could include older individuals ending 
their reproductive careers while the 
terminal slice could include younger 
individuals just beginning theirs.  
Only the broad middle zone could 
involve females in the midst of  their 
reproductive careers and potentially 
including all known birthing efforts.  
A sampling interval sufficient to 
extend the study to about three times 
longer than the mean reproductive 
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Survival
Using a large sample of  marked 

newborns and recording their 
recaptures over a two-decades-long 
study, statistical modeling of  their 
capture histories shows that the snakes 
were recaptured initially at rates of  
about 20% and that the recapture 
rates declined over subsequent years.  
The estimated survival rate in field-
born snakes was about 65% in the 
first year, while adults (5+ years old) 
survived at >90% per year.  The rates 
are somewhat surprising in being 
at such high levels (particularly in 
adults), although previous work on 
pitvipers has predicted moderately 
high adult survival rates.  The main 
limiting factors that control a Timber 
Rattlesnake population appear to 
be primarily biotic factors, such as 
predation, disease, and starvation, and 
secondarily abiotic factors, such as 
winter freezing.

Longevity
In recent field seasons, recapture 

intervals of  over 30 years for snakes 
initially released as adults (at least 
10 years old when marked) indicate 
that the natural lifespan exceeds 40 
years.  These data are among the first 
to show such a long life expectancy 
in a wild rattlesnake of  any species.  
Interestingly, and contrary to 
expectations in an exploited species, 
adult males have been documented as 
getting larger, i.e., among large males 
weighing more than 1000 grams, the 
average total length and body mass 
have increased over the past 30 years.  
This phenomenon apparently is 
related to the protection given to the 
snake in New York, and the intensity 
of  vigilance given to the research area; 
both factors seem to have allowed the 
snakes to survive longer and grow 
larger.  (These findings on longevity 

Immature yellow-morph female Timber Rattle-
snake on forest floor in northeastern New York. 
Photo by Polly Smith-Blackwell.
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lifespan included many reproductive 
females bounded by their first and 
last records (i.e., after the earliest and 
before the latest time slices).  High 
capture probabilities of  females while 
gravid are believed to have prevented a 
severe bias in estimates of  the critical 
parameters (cycle length, reproductive 
lifespan).

Effects of  Field Sampling on Reproductive 
Females

In most of  the repeat-reproducers, 
captures were frequently lacking in 
years intervening between the gravid 
years, and it was unusual to find 
any female other than a gravid one 
at a gestating site.  Females were 
readily captured in their gravid years 
but usually were not available for 
capture in their nongravid years.  This 
observation is interpreted as reflecting 
the difficulty of  capturing snakes in 
their “off ” years when they avoided 
their traditional gestating areas 
and apparently adopted a different 
movement trajectory to the summer 
range for foraging.  Summer recaptures 
of  non-reproductive females show that 
they undertook extensive movements 
into distant summer range in a manner 
not unlike the movements of  adult 
males.

Over the years in northeastern 
New York, experience showed that 

visitations made too frequently to the 
gestation areas were counterproductive 
and not necessary.  It proved more 
efficient to sample gravid females on 
fewer field trips.  This lower effort 
decreased the level of  disturbance of  
the females and thereby increased the 
number of  them encountered.  Most 
of  the gestating sites were considered 
“traditional” in the sense that they 
were used annually; such a pattern has 
seemingly led to the term “rookeries” 
being used by some snake biologists 
(as by ornithologists).  Recaptures 
within the same season showed that 
gravid females frequently moved from 
the site of  capture to another gestating 
location after being processed, an 
indication of  their disturbance-
induced abandonment of  the original 
gestating site.  This tendency to be 
“spooked” by a potential predator 
has been noted previously (the so-
called “intimidation effect”), and it 
appears to have evolved as a protective 
behavior.

Females were usually calm when 
encountered but became agitated and 
defensive when captured.  Temporarily 
disoriented at release, they were often 
physically guided into their protective 
crevices; still, they usually abandoned 
the site later.  Among the females 
with a sequence of  repeated gravid 
years, the same gestating sites were 
often reused after several years; the 
same sites were also used by first-time 
gravid females and by a few immature 
females.  A particularly revealing 
example recorded in 1994 is the case 
of  one gravid female who was found 
in the same gestating area as one of  
her daughters, gravid for the first 
time as a 10-year-old progeny of  her 
mother’s 1984 lab birthing.  Spatial 
occupancy and turnover of  different 
females, sometimes between closely 
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related individuals (e.g., mothers 
and daughters) returning to the natal 
nesting site, is a phenomenon that has 
been recognized in snakes but clearly 
deserves further study.

Reproductive Life History
 In Timber Rattlesnakes, based 

on the two focal dens investigated with 
purposeful uniformity, the bulk of  
females reproduced over spans of  4 to 
18 years (average lifetime span = 9.6 
years).  One notable individual with a 
maximum observed history of  32 years 
demonstrated a lengthy reproductive 
lifetime in a few individuals; although 
unknown due to inconsistent 
recaptures, this individual could have 
had as many as 8 or 9 reproductive 
seasons over a span exceeding 
three decades.  Another remarkable 
individual had six successive cycles 
without interruption over 20 years (one 
4-year cycle followed by five 3-year 
cycles), and several other females had 
reproductive histories exceeding 25 
years.

In female Timber Rattlesnakes 
achieving at least a second effort, 
the reproductive lifespan averaged 
almost 10 years and these individuals 
apparently made a relatively strong 
contribution to lifetime reproductive 
success.  An important temporal aspect 
of  their life history, the lifetime level 
of  repeated reproduction (iteroparity), 
averaged 1.7 efforts per female (432 
gravid records / 253 females) over the 
collective reproductive lifetime.  Most 
(58%) of  the females in this study 
reproduced only once; thus, they 
deviated from a pattern of  prolonged 
iteroparity characterizing long-lived 
capital breeders in which the predicted 
life history envisions a population with 
most females reproducing repeatedly.

 

Adult black-morph female Timber Rattlesnake 
on den at spring emergence in northeastern 
New York. Photo by Paul Sesink-Clee.
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 The findings in this study 
hinged largely on recording females 
over a sufficient number of  years 
to document recaptures among 
potential repeat reproducers.  Based 
on all observed cycles in multiple-
brooded snakes, repeated attempts 
showed the following distribution 
of  cycles: 2-year (1%), 3-year (39%), 
4-year (28%), 5-year (13%), 6-year 
(11%), and 7-year (8%).  Biennial 
cycles were rare and unexpected 
events in this metapopulation.  At 
a mean cycle length of  4.2 years 
and a mean breeding lifetime of  
9.6 years, females could potentially 
achieve an average of  around 2.3 
efforts per lifetime.  However, the 
observed level of  iteroparity—a mean 
overall rate of  1.7 lifetime efforts per 
female—indicates that, as currently 
estimated in these populations, the 
measured lifetime effort falls short 
of  the mean expectation.  A one-per-
lifetime rate, or what I call “facultative 
semelparity,” is usually not expected 
in most long-lived, capital-breeding 
vertebrates.  This life history trait may 
be representative of  many northern 
populations of  Timber Rattlesnakes.

Although direct modeling of  
female survivorship corresponding 
to the current account of  lifetime 
reproduction in the New York 
metapopulation has not been 
attempted, I predict that modeling 
results will show decreased survival 
in reproductive females.  A number 
of  postpartum females have been 
observed bearing evident posterior 
skin folds in the spring and summer 
following their birthing year, as well as 
a few with evident folds persisting into 
the second year following parturition.  
These observations, and a number 
of  postpartum females recovered in 

emaciated condition, suggest that slow 
postpartum recovery would evidently 
place them in a weakened condition 
and a greater susceptibility to eventual 
starvation or predation.

Body Mass and Fecundity
First-time gravid females averaged 

796 (605–1207) grams; during 
gestation about two-thirds of  females 
over spans of  two to three months 
typically showed modest (2% to 3%) 
weight declines.  Interestingly, a 
few females had exceptionally large 
changes in mass, gaining up to 150 
grams or losing over 100 grams up to 
a maximum loss of  265 grams.  Such 
outliers among the gravid females 
suggest that some individuals must 
have taken a meal or eliminated fecal 
contents during gestation, providing 
indirect evidence of  opportunistic 
feeding by some gravid females.  (In 
a related observation, a weight loss of  
slightly over 100 grams was recorded 
in an adult male immediately after 
he defecated while being processed.)  
Although the usual paradigm of  
predatory behavior in sedentary 
gravid females excludes the possibility 
of  feeding during gestation, this 
generalization is not supported by 
the cases of  extreme changes in body 
mass observed in some gravid Timber 
Rattlesnakes.

Body weights of  gravid females 
increased as the number of  
reproductive events increased with 
age, indicating a general growth trend 
that tapered to an upper level in the 
reproductive females.  The body mass 
reached a plateau at a smaller size in 
Den-F females (950 g) compared to 
Den-B females (1150 g); thus, Den-B 
snakes achieved a plateau around 
200 g heavier than Den-F snakes 

by around the fourth reproductive 
event.  Although the two focal dens 
showed a body size difference in 
their weight increases during their 
reproductive lives, in both populations 
there was an evident upper limit 
reached, suggesting a maximum body 
size.  Whether these data support an 
indeterminate growth pattern often 
assumed to apply to reptiles requires 
an independent analysis of  growth in 
these populations.

Estimating fecundity from field 
litters was tenuous as most newborns 
were timid and retiring.  Virtually 
all observed litters were incomplete 
because many of  the neonates quickly 
retreated under their shelter boulders 
or crevices at the birthsite, or were 
flushed before they were noticed.  
Counts of  newborns in litters observed 
with their mothers in the field were 
thus typically underestimates of  
the actual litter sizes and therefore 
were not used to compute fecundity.  
In addition, enlarging oocytes (in 
vitellogenic females) or ova and 
embryos (in gravid females), although 
detectable by external palpation in 
most of  the snakes, was a technique ill-
suited for ovarian or oviductal counts 
chiefly because of  the robustness and 
activity of  the wild-caught females 

Adult yellow-morph male Timber Rattlesnake 
on forest floor in northeastern New York. 
Photo by Mark des Meules.
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which rendered any attempted 
external counts difficult and injurious 
to a struggling female or her fetuses.  
Instead of  abdominal palpation, 
counts of  offspring were obtained in 
a five-year interval early in the study 
(1982–1986) when gravid females 
were captured in the field during 
late gestation and returned to the lab 
for parturition.  Along with normal 
neonates, lab-born and field-observed 
litters were composed of  some 
stunted stillborns and infertile oocytes 
(“yolk plugs”).  Litters averaged 9.4 
(4–14) offspring per female based on 
normal neonates plus yolk plugs and 
stillborns, but averaged 7.7 (2–14) if  
only normal neonates composed the 
litter.  In the field, yolk plugs were 
usually seen under birth rocks, but 
many parturition sites were in loose 
boulders or deep crevices where the 
subsurface location occupied by the 
female could not be seen.  In two 
cases, the yolky masses were found 
in the open rather than concealed in 
a crevice.  On three occasions, passed 
yolk plugs were covered with large 
numbers of  small black ants that were 
busily devouring them.

Variation within the Metapopulation
At the outset of  the present 

work, marked inter-den differences 
in demographic and reproductive 
variables within the metapopulation 

were not predicted or anticipated.  
The two focal dens were annually 
monitored in the same way every year 
from 1979 through 2014; sampling 
methods were designed to be 
consistent, allowing direct temporal 
comparisons between the dens.  Early-
on, my chief  field assistant, Randy 
Stechert, and I attempted to provide, 
simply by intuition, informal estimates 
of  the sizes of  the several dens that we 
were sampling.  Among the snakes we 
encountered on favorable days during 
spring emergence, we judged that 
they represented no more than about 
15 to 25% of  the snakes available, so it 
seemed that applying a sighting factor 
of  0.15 to 0.25 might be valid for den 
counts and could yield approximate 
population estimates; years later, 
these values were supported by formal 
modeling estimates of  the recapture 
(detectability) parameter of  around 
0.20.  Population estimates for Den B, 
ostensibly the smaller of  the two dens 
(≈100 snakes), yielded fewer numbers 
of  gravid females than did den F 
(≈150 snakes).  Both dens produced a 
similar proportion of  gravid females 
annually (averaged across all years) at 
around 5% of  the crudely estimated 
populations.

I discovered several noteworthy 
population and reproductive 
differences between the two dens.  
Despite the apparently similar 
proportional contributions to annual 
productivity, first-time females at 
Den B reached maturity at a larger 
body size (827 g) than those at Den 
F (737 g)—a 90-g difference in body 
mass—even as females at Den B 
matured about 1 year earlier (9.2 years) 
than did those at Den F (10.4 years).  
Fecundity (mean litter size of  normal 
neonates) was also different between 
the two dens (8.4 at Den B, and 7.5 

at Den F).  Considering the average 
body weights of  females of  all ages, 
ratios of  body weight / litter size 
were 113.8 (Den B) vs. 110.8 (Den F), 
or a female mass of  around 100 grams 
per offspring produced.  These data 
indicate a weak positive relationship 
between body size and fecundity, but 
this relationship would likely not be 
significant in differentiating the two 
dens, either statistically or biologically.  
However, the shorter (but probably 
not statistically so) mean cycle length 
at Den B (3.9 yr) than at Den F (4.5 yr), 
along with a notable higher proportion 
of  lengthy (4-year and 5-year) cycles 
at Den F, suggest the possibility of  
reproductive output between the two 
populations differing in ways that 
could affect the growth trajectory of  
each population in the long term.

Plausibly, different degrees of  
resource acquisition and different 
growth rates between the dens may 
be explanations of  the proximate 
differences observed.  These contrasts 
are of  interest in view of  the fairly close 
proximity of  the two dens, located only 
about 9 kilometers (<6 miles) apart 
at an identical elevation gradient and 
with most of  the local environmental 
conditions (e.g., thermal conditions, 
rainfall, active season duration) and 
plant species composition around 
the dens and on the summer range 
appearing to be nearly identical.  Some 
prominent snake biologists favor non-
adaptive processes resulting from 
local environmental conditions rather 
than evolutionarily adaptive (selective) 
processes operating between snake 
populations; they note that closely 
situated populations of  snakes may 
show strong local differences in 
biological traits.  In Timber Rattlesnake 
metapopulations as well as among 
broadly spaced geographical isolates, 

Young male black-morph Timber Rattlesnake 
on forest floor in northeastern New York.  
Photo by Matt Simon.
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body sizes and reproductive traits may 
be more variable than expected.  Inter-
population differences in body size, 
maturity, and reproductive variables 
may be correlated with a suite of  
causative environmental variables.  
Further research on the biological 
importance of  microgeographic 
divergence is warranted.

Potential differences in human 
impacts may affect the separate dens 
within the metapopulation.  One 
major factor may be a paved highway 
traversing about 10 km through the 
west and northwest fringes of  the study 
area in a narrow forested valley.  The 
highway unequally bisects one side of  
the metapopulation, separating one 
focal den from the other.  Historically, 
this road was a native footpath and 
wagon trail in the late 18th century, 
continued as a logging road in the 
19th century, and was engineered and 
paved in the early 20th century.  It 
thus has been in place roughly in its 
modern form with motorized vehicular 
traffic for about 90 years.  In addition, 
a 30-km-long hiking trail system, fully 
constructed in 1931, has been in place 
for over 80 years on the mountain 
range housing the metapopulation.

In concert with these transportation 
corridors, the proportion of  
membership in genetic demes differs 
between the two focal dens separated 
by the road.  Dens B and F are both 
within typical summer movement 
distances from the highway on which 
road-kills have long been recorded.  
However, in the case of  Den B, I have 
noted that there is a distinct tendency 
for the snakes to move away from the 
road, gaining elevation and migrating 
largely into distant forests, whereas 
snakes from Den F might more often 

encounter a hiking trail as well as 
the highway farther away.  In their 
seasonal migrations, individuals from 
Den F can encounter a greater density 
of  human-occupied sites (private 
camps, public campsites) than those 
from Den B.  Paradoxically, snakes 
from Den F, more distant from the 
road, have been found as road-kills 
more often than those from Den B, 
suggesting that the road may have 
been a selective force on the Den-B 
population.  Snakes from Den B are 
less often found as road-kills today, 
perhaps because Den-B individuals 
that had historically migrated toward 
the road were eliminated from the 
population within about 10 snake 
generations, whereas snakes from Den 
F and others were not subjected to 
such strong proximate road mortality 
in the 20th century.

A Conservation Perspective
Many populations of  Timber 

Rattlesnakes in eastern North 
America are threatened by habitat 
fragmentation and development.  
Coinciding with a great post-World 
War II economic expansion that 
encouraged highway construction 
and easier access to rattlesnake dens, 
many of  the northeastern populations 
were depleted or extirpated by 
habitat incursions during the mid-to-
late twentieth century.  The snake’s 
decline during this period was caused 
by human population growth in a 
landscape increasingly fragmented 
by commercial and housing 
developments, as well as commercial 
and recreational snake-hunting.  In 
New York, Timber Rattlesnakes are 
distributed in some two dozen counties 
statewide.  Many populations were 
extirpated or depleted throughout the 
state over the past two centuries.  The 

species was listed as “threatened” in 
1983 and has been fully protected under 
the New York State Environmental 
Conservation Law for the past 35 
years.  In three northeastern New York 
counties (including the current study 
area), bounty payments commenced 
in the late 19th century and were finally 
outlawed in the latter decades of  the 
20th century.  Incentives to take this 
species today are still based on market 
profiteering through the ubiquitous 
pet trade and ostentatious human 
behavior.

Throughout its range in the United 
States, ecoregions (or management 
units) may deserve targeted 
conservation attention based on 
physical environmental features such as 
temperature, precipitation, and length 
of  the hibernating season.  Regional 
or local adaptations of  the snake’s 
biology can guide one’s efforts within 
a management unit.  For example, in 
the northern management units, the 
snake is characterized by short active 
seasons, high adult survival rates, low 
rates of  reproductive performance, 
and exceptional longevity.  In 
contrast, snakes in the southeastern 
management units would require a 
different strategy because of  three 
factors: (1) the adult survival rate may 

Adult gravid female Timber Rattlesnakes  
aggregating at a gestating area in northeastern 
New York; four individuals are seen, two on 
top boulder and two coiled in lower boulder 
crevice. Photo by Matt Simon.
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be lower, (2) reproductive performance 
may be higher or shifted to younger 
age classes (due to earlier maturity and 
more frequent population turnover), 
and (3) longevity may be considerably 
shorter.  Some management 
approaches should therefore take steps 
to enhance survival, others to enhance 
reproduction.  Enhancing longevity 
might be achieved by legal protection 
coupled with vigilance, as in the 
current example in the Adirondacks 
of  New York.

The reproductive characteristics of  
Timber Rattlesnakes are essential for 
understanding that this species cannot 
withstand unregulated harvesting—or 
perhaps any harvesting—and must 
be protected to achieve a lasting 
recovery.  Late age at maturity, low 
lifetime reproductive rate, lengthy 
reproductive cycles, and overlap of  
generations was probably the norm for 
many millenia before modern humans 
interfered with the age structure 
and replacement dynamics of  many 
populations.  In that the required field 
data for determination of  the animal’s 
conservation status may take many 
years to obtain, effective conservation 
and management must rely strongly on 
field research based on reproductive 
phenology under natural conditions.  
Secure areas where habitat disturbance 
and collecting are curtailed through 

vigilance are critical if  we are to 
learn about the major limiting factors 
affecting the snake’s basic ecology 
with application to its conservation 
and management.  Enhancing the 
viability of  Timber Rattlesnakes in 
North America is increasingly viewed 
in this context.
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