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Climate is under constant change. In addi-
tion to its natural variability, there is plenty
of evidence suggesting persistent changes
overtime produced by external forces,
such as anthropogenic activities. These
changes are observed on patterns of pre-
cipitation and temperature, among others
(Crowley, 2000). Carbon dioxide levels in
the atmosphere have been recorded since
the beginning of the twentieth century. The
hypothesis that changes in CO, concentra-
tion of the atmosphere could be respon-
sible for climate deviations, first proposed
by Arrhenius (1896), is now known as the
greenhouse effect. Much research has been
done finding a connection between the
rise of anthropogenic carbon dioxide (and
other greenhouse-effect gases) to increases
in the global mean temperatures. Energy
balance model studies show that tempera-
ture changes during the past 100 years can-
not be explained by natural factors alone
(such as solar irradiation and volcanism).
Global mean temperatures have increased
by 0.74 + 0.18°C during the period 1906—
2005, while average CO, levels increased
from 280 ppm before the industrial revo-
lution to 379 ppm in 2005 (IPCC, 2007).
Moreover, it has been documented that this
mean increase in temperature is produced
by a rise in the minimum temperatures,
resulting in a narrower diurnal temperature
range (Easterling, 1997).

These changes in the abiotic parameters
of the environment have a direct effect on
biological systems. In the light of the cur-
rent climatic variations the consequences
have been analyzed across various levels
of organization, seeking to establish causal
relations between anthropogenic climate
change and physical and biological impacts
(Rosenzweig et al., 2008). At an ecosystem
scale, the changes observed include for
example: perturbations in seasonal events
(such as migrations or time of reproduc-
tion) and shifts in biogeography and bio-
diversity (Rosenzweig et al., 2008). These

effects can be traced to individual levels.
Organisms live within a certain range of
temperatures at which there is a coordinated
functioning of molecular, cellular, and sys-
temic processes (Portner and Farrell, 2008),
and generally this is portrayed by a quad-
ratic-shaped function. This function stands
for the relation between these processes and
temperature and it is represented by thermal
performance curves. For each process there
will be an optimal temperature, and two
extreme points, i.e., an upper and a lower
thermo-limit of performance. Particularly,
ectothermic organisms are most vulnerable
to thermal changes, given that their physio-
logical processes are affected by temperature
(Chown et al., 2010). Among ectotherms,
terrestrial species are the ones most affected
by environmental temperature changes due
to the greater amplitude of change in their
habitats compared to aquatic ecosystems.
Terrestrial ectotherms comprise a large pro-
portion of organisms and within this group
there are some animals of great relevance to
human health. Many of the worst epidemic
diseases, such as Malaria, Chagas disease,
Dengue, sleeping sickness, Leishmaniasis,
Tick-borne encephalitis, among others, are
transmitted by hematophagous arthropods
that are ectothermic organisms. Thus, tem-
perature will affect behavioral and physi-
ological characteristics of diseases’ vectors
that are relevant to disease transmission.
Vector-borne diseases provide a fertile
ground to address the general question of
the causality between climate and biological
change, and in order to understand fluc-
tuations within this system (past, present,
and future), information from different
disciplines must be gathered. Having more
accurate predictions from global change on
the ecology of diseases, may enable more
efficient health campaigns to be developed.
Classical epidemiological parameters used
to study disease transmission are based
on the following factors: (i) survival and
reproduction rates of vectors, (ii) intensity

and temporal pattern of vector activity, and
(iii) rates of development, survival, and
reproduction of pathogens within vectors
(Kovats et al., 2001). The vectorial capacity
(VCQ) relates all of these factors as the num-
ber of infections resulting from the bites to
one infected person per day through the
following equation:

VC=(ma2p“ )/—ln P

where m, is the vector—host (human) ratio;
a is the biting frequency: the number of
bites per vector per day; p stands for the
daily probability of survival; and n for the
development time of the parasite inside the
vector. Another analogous epidemiological
parameter widely used is the reproductive
number R, which takes into account the
same parameters as VC, plus the transmis-
sion coefficient from vertebrate to vector
and from vector to vertebrate, as well as,
the rate of host recovery from infection.
Both expressions use information related
to vector’s biology. Variations on these
parameters and their interactions will be
reflected on the direction of the change of
VC and R} i.e., a rise or decline in the dis-
ease (Rogers and Randolph, 2006). Vector
survival rate may be affected in different
directions, depending on the temperature
and of how close of its thermal optimum
the individual is. The vector-host ratio,
on the other hand, depends both on vec-
tor’s and human population density. The
former depends upon parameters such
as vector survival and reproduction rate,
while the latter is driven mostly by socio-
economical factors, together with environ-
mental characteristics. Consequently, it is
not clear, weather to expect an increase or
decrease in the vector—host ratio in response
to increasing temperatures (Rohr et al,
2011). Finally, another important param-
eter affecting disease dynamics is the bit-
ing rate, which is inversely proportional to
the amount of time between blood meals,
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and has a clear relationship with metabolic
and nutrient conversion rates. Biting rate
can be measured in the laboratory under
controlled conditions, however, in the field
only indirect estimations can be performed.
For example, for triatomine bugs, vectors
of Chagas disease, an indirect method is
based on the distribution of bloodmeal
weights from large vector samples, which
would represent the distribution of times
since last feeding (Rabinovich et al., 1979).
Another method measures the presence
of colorless urine that only occurs during
the first few hours after feeding (Catald,
1991). Nonetheless, these are indirect
approaches and they have their limitations
(see Rabinovich et al., 1979 and Catal4, 1991
for detailed explanation of the methods).
Thus, it would be possible to directly meas-
ure the biting rate in the laboratory, without
the limitations of an indirect measurement,
and thereafter estimate the variation of
biting frequency on the field based on the
measured environmental temperature and
the temperature sensitivity of the vector’s
metabolic rate (MR).

Q, isa measurement of temperature sen-
sitivity, originally applied to rates of chemi-
cal reactions; it is the factor by which a rate
changes in response to a variation of 10°C,
and itis a useful way to express the tempera-
ture dependence of a process. This factor
may also be applied to whole organisms,
for example, the sensitivity to temperature
of MRs. Ectotherm’s MRs are very sensi-
tive to temperature, with Q, values around
2, which means that a 10°C increase will
double MR (Randall et al., 2001). Warmer
temperatures speed up biochemical reac-
tions, which in turn bring an increase in
MR and nutrient transformation rate. As a
consequence an increase on the frequency
of biting would be expected. Thus, epide-
miological mathematical models could use
an estimated Q, of 2 or a calculated Q,
based on measurements of MR at different
temperatures from the species of interest
as a simple way to account for changes in
biting rate in response to thermal variations.

Thermal variations may have many
effects on the physiology of vectors and
consequently in vector-borne diseases
transmission. Although common knowl-
edge suggests that higher temperatures will
lead to an increase in vector-borne diseases,
recently this has been questioned and it has
been proposed that a shift rather than an

expansion in geographic range of disease,
might occur. This consequence may be
driven by variations in habitat suitability,
which depends on climatic factors as tem-
perature and humidity, as well as on barri-
ers to dispersal and competition (Lafferty,
2009). Thermal changes are heterogeneous
around the globe, as well as thermal toler-
ance among species, which is evidenced by
their diversity across latitudes; at higher
latitudes thermal tolerance is broader, while
tropical organisms show more sensitivity to
temperature changes (Chown and Nicolson,
2004). This implies that the consequences of
an increase in environmental temperature
will differ across latitudes (Deutsch et al.,
2008) and species. Another factor that is
generally left aside, are thermal daily vari-
ations. Most studies on the temperature
effects on animal physiology are done under
different constant temperatures, despite
the fact that environmental temperature
has a daily variation. However research has
increasingly started to take more realistic
daily variations into account. For example,
in vectors of diseases, a variation on daily
temperature preference has been observed
in different species of kissing bugs, moreo-
ver, this preference is affected by the degree
of starvation (e.g., Lazzari, 1991; Schilman
and Lazzari, 2004). In addition, Paaijmans
and collaborators showed that malaria
transmission intensity is affected by the
degree of daily temperature variations.
Fluctuations around a low temperature
increase rates of malaria parasite transmis-
sion, and mosquito development times and
survival, while fluctuations around a high
temperature slows the rates of these pro-
cesses (Paaijmans etal., 2010). These results
suggest that the molecular and physiologi-
cal mechanisms underlying responses to
temperature variations are complex and
non-linear, and it is important to inte-
grate them into current research of climate
change impact.

In summary, several physiological factors
affected by global warming should be con-
sidered to predict the dynamics of world-
wide diseases’ transmission. How these
factors vary in response to thermal changes
will be ultimately observed in modifications
on the epidemiology of the disease. It has
been observed that the underlying processes
linking environmental temperature and rate
of transmission diseases are not simple and
direct linear relations. On one hand, the

effects of daily temperature cycles on life
history and survival of pathogens and vec-
tors, as well as the differential sensitivity to
thermal variations across different species
and populations portray a complex system
yet to be explored. On the other hand, and
to construct the theoretical predictions
of upcoming trends on vector-borne dis-
eases simplified approaches might be use-
ful. Thus, mathematical models could be
developed taking into account the modula-
tion of biting frequency by environmental
temperature with the use of temperature
sensitivity or coefficient Q,, of the MR. In
other words, based on the close relationship
of ectothermic organisms between envi-
ronmental temperatures, MRs, biting fre-
quencies, and diseases’ transmission rates,
more specific models could be developed
in future analyses.

Climate change is a global issue that
should be approached in a global fashion.
Therefore, we hope that the field of inverte-
brate physiology could provide more tools
to improve the formulation of mathemati-
cal models to predict, among other things,
upcoming trends on vector-borne diseases
in a global climate change scenario.
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