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ABSTRACT

The Antisana Water Conservation Area (ACHA) greatly contributes to the water supply of the Metropolitan District
of Quito (DMQ). Therefore, integrated management of the area needs to take into account the ecological interactions
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that sustain the interception and slow release of water by the vegetation and soil. An apparent increase in the
population of white-tailed deer (Odocoileus virginianus) has led to the concern that this herbivore may alter the
vegetation and thus the water cycle. In this study, we obtain the first population estimates for white-tailed deer in
ACHA and the second estimate for the Ecuadorean Andes. Vantage point counts (VPC) set the minimum population

for the reserve at 760 individuals, whereas the fecal standing crop (FSC) indirect method determined an estimate of

953 £ 368 (90% confidence interval) for a density of 11.27 individuals/km?. The density of deer is low compared to
other sites in the Colombian and Venezuelan Andes. From a management perspective, the optimal number of deer for
the reserve will depend on the impact the deer have on the ideal composition of plants for the long-term production

of water.

Keywords: White-tailed deer, Odocoileus virginiatus ustus, population estimates, vantage point counts, fecal
standing crop

INTRODUCTION

The human population of the Metropolitan District of Quito (DMQ) is growing at a rapid rate, especially in the urban
districts. Here, the demand of water is expected to grow by 28.5% between 2020 and 20401, In addition, a reduction

in glaciers from nearby mountains due to climate changez, threatens the district’s ability to supply water for this
increasing demand. The Fondo de Agua (FONAG) and the Empresa Publica Municipal de Agua Potable y
Saneamiento (EPMAPS) have thus established three reserves for the conservation of water, totaling nearly 20,000

hectares. One of these areas, the Area de Conservacion Hidrica Antisana (ACHA) has a capacity of 1650 I/s of water
for the DMQ3. This area 1s part of the Reserva Ecoldgica Antisana and was formally part of a large hacienda,

supporting tens of thousands of livestock®.

Because of the past presence of large numbers of sheep, cows, and horses, much of the ACHA consists of an unusual
mix of habitats for the Ecuadorian Andes. Instead of large areas of Calamagrostis intermedia bunchgrass, the
landscape 1s composed of extensive areas of cushion plants (locally referred to as almohadones) and herbaceous
vegetation mixed in with a low Calamagrostris (ctf. C. fibrovaginata) grass. The composition of the vegetation has a
great impact on the water cycle of the paramo ecosystem. For example, a change from bushy vegetation to
agricultural fields represents a reduction of up to 40% in water retention ability in lab dried soil and 21% in

cultivated soils”. The proper revegetation of the ACHA is thus a priority for the F ONAG*, whose staff is now
actively removing the remaining individuals of livestock from the area. This removal, however, has important
consequences for food chains based on carrion and has the potential to affect the populations of iconic species, such

as the Andean Condor (Vultur gryphus) and the curiquingue or Carunculated Caracara (Phalcoboenus carunculatus).
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In addition, released from competition and predation pressures (predators were hunted to extirpation to protect the
livestock), white-tailed deer are now making a comeback, spawning concerns that they may have a detrimental

impact on the recovering paramo ecosystem. Although grazing at low levels appears to have little impact on water

retention in paramos soils®, it is unclear what impact deer grazing may have at ACHA, especially after decades of

intense livestock grazing.

Large herbivores particularly white-tailed deer (Odocoileus virginianus s.1.), can determine vegetation structure and

composition, especially when overabundant’. Although little is known about the effects on grasslands or prairies,
deer usually benefit unpalatable or rapidly growing species and reduce palatable and/or slowly growing species of

plants. These effects have been observed with other species of deer as well. In grasslands of the Swiss Alps, Schiitz

et al.® further found that red deer (Cervus elapus) grazing pressure tended to increase the diversity of plants. They
found that most plants able to resist grazing were of low stature and were characterized by anti-herbivore protection
mechanisms and/or short life spans. Previous research in forest ecosystems has shown that interactions between large
herbivores and ecosystems are complex and not easily predictable. In North American rangelands, changes in grazing
pressures have been shown to exhibit non-linear effects on vegetation: plant communities may reach multiple stable

states and a decrease in grazing might not lead to the recuperation of the ecosystem to a former climax-like state”.

Similar non-linear changes have been observed for other ecosystems as well!0. For the paramo grasslands of Ecuador
we still lack a basic understanding of the herbivore-ecosystem interactions, both for domestic and wild ungulates. In

other words, we do not even have a basic understanding of how herbivores affect pAramo vegetation.

At ACHA it has become a necessity to monitor the increasing population of white-tailed deer and its potential impact
on the vegetation and thus the entire ecosystem. Deer have been a natural component of paramo grasslands for

millions of years, but we do not fully understand its ecological role in this poorly understood ecosystem. There is still

great disagreement over what a “natural” paramo grassland — without interference of humans — would look like!!.
Here we present the first, preliminary estimates for white-tailed deer at the ACHA and provide a framework for
ascertaining the ideal population size for the area. It is our hope that we will be able to provide the FONAG with a

fast, easy and reliable methodology to monitor the deer population at the ACHA over the long term.

Methods and Study Site

Estimates of deer population size can be obtained by direct and indirect methods. The former are based on visual deer

counts and allows for estimation of sex ratios and age structure of the population. Estimates obtained by these

methods are a snapshot of the population and the number of deer observed is valid only for the day of the surveylz.
We conducted Vantage Point Counts (VPCs) because in the open grasslands in mountainous terrain, deer can be seen

at great distances. Indirect methods for deer are based on counts of signs or marks, usually fecal pellet groups.
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Estimates obtained by indirect means are usually an average representing the population size over several months!2.
Of the three indirect methods we are using in our study, Fecal Standing Crop (FSC), Fecal Accumulation Rate (FAR)

and Distance methods, here we only present data for the FSC method.

Vantage Point Counts

Vantage Point Counts (VPCs) consist of observing animals from a point with clear vision of the surroundings13 and

they are perfectly suited for the mountainous grasslands ACHA. VPCs were repeated four times, as recommended by

Mayle et al.13 (Figure 1), in eight general areas within ACHA from dawn to 09:00 and 15:00 to dusk on 12
December 2018 and 13 December 2018. Observations lasted at least three hours to increase the likelihood that deer,

which had lain down to ruminate before the onset of the count, would become active and thus visible during the

count!3. Each team carefully and silently scanned the surrounding area for the presence of deer with binoculars.
Three groups were also equipped with spotting scopes. Information recorded included deer activity, number of
individuals, sex, age, habitat and weather. All groups were provided with medium range two-way radios to report on

deer movements and thus avoid double counting deer coming from other areas.

We selected ten vantage points (Figure 1) in areas known for having high deer densities according to the
guardaparamos of FONAG, EPMAPS, and the Ministry of Environment (MAE). The main criterion for the selection

was to find the largest number of deer possible within the 8457 ha reserve. We did not choose locations randomly as

the logistics of placing a large number of observers in the field are challenging and expensivem’15 . Also, high-

altitude environments with low levels of oxygen pose additional constraints on intense sampling within a large

areal®. Each vantage point covered an area within a radius of approximately one kilometer; however, we are still

estimating the effective area surveyed in this census.

https://www.revistabionatura.com/cs-2019.02.01.29.html1[30/04/2020 12:40:23]



CS 2019.02.01.29 - Bionatura

BOG000E BOS000E BOGOOOE BOS000E B1000ONE 2120002 B14000E

SR50000M

S48000M

S46000M

S000M

SE2000M

& ‘Wantmgae Poirks — Streamc DEM

- Transecs mﬂﬂﬂ!ﬂ — 15 mConpur Lines - SE800
Transart Foints B Oy Low Grass Heb SE00
SA0000M r—]um.u ACHA Wk Lo Grass Herb
B e Exposea Sail

Figure 1. Map showing the limits of the Area de Conservaciéon Hidrica Antisana (ACHA), the location of the vantage count points
and the sampled segments (red) of the transects (unsampled segments indicated by white dots). Digital Elevation Model is shown in

shades of gray, with darker shades indicating lower elevations. Contour lines are at 25-meter intervals.

Indirect Counts Using Pellet Groups

Nine transects, totaling 14,150 meters, were placed and oriented systematically within ACHA as recommended by

Marques et al. 12

covering the majority of the altitudinal gradient, the most representative habitats, and areas with
known high deer densities, making sure we were covering areas of low density as well. The transects were marked
every 50 or 100 meters using PVC tubes. During counts, the centerline of the transect was marked with a rope and
the distance to either side measured with measuring tapes. The selected width for the transects was 4 meters, 2 meters
on either side of the transect. Two or three observers searched for pellet groups.

Within the 8457 ha area of ACHA we recognize six habitats that we consider important for the use and distribution
of deer within the reserve: humid herbaceous vegetation, dry herbaceous vegetation, exposed soil, cushion plants,

shrubby paramos and paramo grasslands (Table 1). We are in the process of digitizing polygons for these habitats to
https://www.revistabionatura.com/cs-2019.02.01.29.html1[30/04/2020 12:40:23]
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estimate the size of the area covered by each of them; however, as of now we only have area estimates for humid
herbaceous vegetation, dry herbaceous vegetation, and exposed soil (Table 2). In this study, we pool data for the
remaining habitats, which we have similar pellet densities. Habitats were classified on the basis of RapidEye satellite
imagery, particularly choices calculation of the Normalized Difference Vegetation Index (NDVI) in QGIS software.
We do not use the habitat classification by the FONAG because, based on our observation, it does not reflect the

deer’s’ habitat choices accurately.

HABITAT DESCRIPTIONS

CATEGORIES

Humid herbaceous A mixture of small herbaceous plants with a predominance of
vegetation Calamagrostis fibrovaginata, Geranium sp., Werneria

nubicola, Valeriana rigida, and occasional cushion plants;
predominant habitat in Mangahurco.

Dry herbaceous Similar to the previous one and the composition is very similar;

vegetation however, the NDVI is much brighter, indicating higher levels
of photosynthesis, presumably due to greater humidity levels in
the soil.

Exposed soil Bare, exposed soil with sparse cushion plants; some of these

areas are now being recuperated as paramo grassland with
Calamagrostis intermedia.

Cushion plants A variety of cushion plants are covering large expanses of land
within the reserve, usually on high ridges and in humid valley
bottoms, near streams; dominant species in this category are
Baccharis caespitosa, Plantago rigida, Valeriana aretioides,
Xenophylium humile, Azorella pedunculata, and Gentiana
sedifolia.

Shrubby paramos A mixture of Calamagrostis intermedia, various herbs, such as
IWerneria nubicola and Valeriana rigida, cushion plants and
shrubs, most commonly Chugquiraga jussieni and Hypericum
sSpp-

Piaramo grasslands  Grasslands heavily domiated by Calamagrostis intermedia:
may have various herbs and small cushion plants growing
among the bunchgrass.

Fecal Standing Crop (FSC)

FSC is based on counts of all accumulated pellets groups within sampling plots17 and assumes that all objects are

seen and recorded!®. Our analyses presented here are based on surveys of 24.5 sampling plots (each complete plot

2
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measures 100 m x 4 m), for a total sample area of 9400 m in four habitat categories (Table 2). Only fecal pellet

groups consisting of six or more pellets were considered!”, and those lying on the edges of the sampling plots were

recorded when the center of the group was inside the plot. Fecal pellet group density was calculated as follows:

5 n; _
B = S Equation (1)

where i denotes the habitat, n; 1s the number of pellet groups, L; 1s the sum of the length of
sampling plots (X i), w is the half-width of a sampling plot, and P, is the estimated the pellet group
density for the habitat i. 2wL; 1s the sample area for the habitat i. The resulting dung density

estimates were used to calculate deer population density for each habatat as it follows:

D, = i Equation (2)
E 3

where 7 1s the estimate of deer defecation rate and § 1s the estimated time for a pellet group decay,
and D, is deer density for the habitat i. Afterwards, deer density was multiplied by the area of the
respective habitat catergories within ACHA to obtain the deer abundance for each habitat. These
results were then summed up to obtain the abundance at ACHA. We calculated confidence limits at
the 90% level using a t-test for unknown variance and small samples. We performed all analyses
using R-Statistical Software'”.

To estimate decay rates for fecal pellet groups, we placed seven fresh pellet groups n all habitats,
respectively. During several subsequent visits, we documented the condition of the feces, trying to
ascertain the time of disappearance. This method results in a ‘prospective’ estimate®”. Pellet groups
have not disappeared, however, as of writing this paper and we are still monitoring the pellet
groups. Here we only provide a preliminary result. Based on®!, who monitored 47 wild deer in
paramo and high Andean forest at Parque Nacional Natural Chingaza (PNNC), Colombia, we

assumed 7 to be 23.26 pellet groups/deer/day.
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Length of Surveyed  No. Plots Sampled

Transects (m) Sampled Area (m?)
Humid 3.26 200 2 800
Herbaceous
Vegetation
Drv Herbaceous 7.78 &00 8 3200
Vegetation
Exposed Soil 216 200 2 800
Other habitats 71.37 1250 12.5 5000
TOTAL 84.57 2450 24.5 9800

Table 2. Details of the transects surveyed using FSC through counts of pellet groups

RESULTS

Vantage Point Counts

Detectability of animals may vary due to weather conditions, nearby agricultural practices, the experience of the

observers, and types of vegetation!>1©. The first day at dawn, for example, fog and rain at most vantage points

decreased deer detectability. In contrast, during a mostly sunny afternoon on the second-day observers detected more

deer. Mayle et al. 13 recommend using the maximum value counted as the final estimate; therefore, we consider the
760 deer seen on 13 December 2018 during the afternoon to be the minimum abundance estimation at ACHA (Table
3). The vantage point at Mangahurco yielded the highest number of sightings with 259 deer, followed by Antena with
225 deer. With the exception of Laguna Santa Lucia, where only 22 deer were counted, the remaining vantage points
produced 40-60 deer observations. These numbers provide us an idea of the deer’s habitat preference within ACHA.
Sites dominated by humid herbaceous vegetation supported the most deer, whereas sites with lower counts were

composed of a mix of cushion plants, C. infermedia paramo grass, and shrubs.
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Figure 2. Overall age structure and sex distribution of white-tailed deer at ACHA.

Moreover, this method gives us insights on sex ratios and age structure. The number of females outnumber males
about 3 to 1. Similarly adults outnumber juveniles and fawns 6 to 1 (Figure 2). The vantage point Antena stands out
because of an unusual high number of female deer and fawns. Perhaps this area presents the best condition in the

ACHA for females to nurse their young (Table 4).

Vantage Point 12 December 2018 13 December 2018
Sunset Sunset
Mangahurco 95 231 175 259
Contadero 12 12 26 43
Grande

Avion 17 66 47 66
Antena 35 177 130 225
Chozalongo 14 44 - -
Patucllana 14 74 25 48
Cuscungo 40 36 44 51
Laguna - - 41 22
Santanton - - 20 46
TOTAL 227 640 508 760
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Table 3. Number of white-tailed deer counted at the different sites during the vantage point counts.

Vantage Point Male Female Unknown Adult Juvenile Fawn Total

Mangahurco 39 70 130 136 43 10 259
Antena 19 119 87 181 0 44 225
El Avion 23 38 63 0 2 63
Cuscungo 3 32 14 7 12 2 51
Santanton 8 30 9 38 9 0 47
Patucllana 10 32 ] 21 0 3 45
Contadero 6 24 13 37 6 0 43
Laguna 6 13 2 4 0 22
TOTAL 117 343 299 521 74 61 760

Table 4. Sex and age groups of deer by vantage point (see Figure 1).
Fecal Standing Crop

Our preliminary estimate for the average length time for pellets to decay at ACHA as of March 2019 is 240 days.
This estimate is just a little bit lower than the prospective value (277.80 days) estimated by Mateus?! at PNNC.

However, this value may change upward as so-called prospective estimates can vary due to factors such as rainfall,

diet, among others??. The habitat with the highest pellet groups density was humid herbaceous vegetation has the
highest pellet group density; however, its area only represents 3.9% of the entire area so it does not have the highest
absolute deer abundance (307 individuals; Table 5). This value is surprisingly similar to the number estimated during
the visual census (305 individuals) at the same vantage points (Mangahurco and Santanton), which include most of

the humid herbaceous vegetation at ACHA.
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Vantage Point Female Unknown Juvenile

Mangahurco 59 70 130 136 43 10 259
Antena 19 119 87 181 0 44 225
El Avion 4 23 3 63 0 2 65
Cuscungo 5 32 14 37 12 2 51
Santanton 3 9 38 9 0 47
Patucllana 10 32 6 21 0 3 48
Contadero 6 24 13 37 6 0 43
Laguna 6 13 2 8 4 0 2
TOTAL 117 343 299 521 74 61 760

Table 5. Pellet numbers and densities and their corresponding estimates for deer densities and abundances in different habitats

using FSC.

The dry herbaceous vegetation habitat has the second-highest deer density (43.38 individuals/km?). This information

suggests that deer prefer habitats with low herbaceous vegetation. In contrast, habitats composed of paramo

grasslands, cushion plants, and shrubby grasslands have low deer densities (4.26 individuals/kmz). Because their

summed areas represent 84% of the entire study area, these habitats harbor a considerable number of deer (304).

Finally, exposed soils have the lowest deer density (2.24 individuals/kmz). Finally, our preliminary deer abundance
estimation at ACHA using the FSC method with a 90% of confidence is 953 + 368 and the corresponding density is

11.27 individuals/km?. We hope that the precision of this estimate will increase as more sampling plots are surveyed

and the areas of each sampled habitat are better defined, so the results will be shown in the future.

DISCUSSION

Being only the second attempt to gauge the size of deer populations in the Ecuadorean paramo, this study provides
the first estimates of the deer population in ACHA. Direct, simultaneous observations suggest the minimum

population is 760 individuals. Indirect measures suggest a population of close to 1000 individuals, which corresponds
to a population density of 11.27 individuals/km?. These numbers are considerably higher than those reported by

Albuyj a%2, but are not unusual for sites in the Colombian and Venezuelan Andes®3.

Even though our study strongly suggest the humid herbaceous vegetation is the preferred habitat, density may not

always be a good indicator of habitat quality or preference??. In this study, we hypothesize that high densities of
https://www.revistabionatura.com/cs-2019.02.01.29.html1[30/04/2020 12:40:23]
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white-tailed deer at ACHA correlate with habitat quality and preference. The humid herbaceous vegetation has a high

proportion of forbs, a group of plants that is preferred by white-tailed deer elsewhere?>. At ACHA, these plans also
appear to be highly productive as judged by the Normalized-Difference Vegetation Index (data not shown). This
vegetation is also easily accessible by wide-ranging deer. In contrast, the tall C. intermedia grass does not provide
much fresh forage and is difficult to move through, cushion plants are often spikey and have tough leaves, brushy
paramo consists largely of C. intermedia and bushes with spikey and tough leaves (such as Chuquiraga jussieui), and
exposed soil contains few plants. Tall C. intermedia grass is, however, an important feature for deer near the
herbaceous vegetation as it appears to be a good place for deer to hide from predators and take shelter from the bad

weather. Another caveat is that the results of direct counts, which are limited to two a few days, may also provide

misleading information about habitat use!2; however, results from FSC suggest that our observations are

representative for ACHA over longer periods.

The ACHA was created to safeguard water production for the city of Quito. Thus, the area needs to be managed to
maximize this ecosystem service. The question arises, what is the optimal population of deer that allows managers to
meet this goal? At this point, it is difficult to ascertain the impact of deer on the ACHA ecosystem. The population is
not unusually high, within the bounds of what has not raised any concerns in Colombia and Venezuela. From a
management perspective, the ideal number of deer at the reserve depends on what habitats FONAG and EPMAPS
want to have represented at ACHA. This, in turn, will depend on the ideal composition of vegetation based on the

capacity of different vegetation types to capture and slowly release water. For instance, cushion plants have been

found to increase the transition time of water2®. It might therefore not be desirable to convert the large expanses of
cushion plants to grasslands. We do not yet understand the role of large herbivores in creating and maintaining these
(in our experience) unusually large expanses of cushion plants at ACHA. Are deer important in maintaining them?
Cottontails, which undergo large populational cycles in this paramo, seem to be detrimental to them (Francisco Black
and Manuel Simba, personal comments). Deer seem to favor the valley bottoms, characterized by herbaceous
vegetation and C. fibrovaginata or little bunches of C. intermedia. These areas also appear to be favored by Black-
faced Ibises (Theresticus melanopis) and Curiquingues (Phalcoboenus carunculatus), two species of some
conservation concern. Would the vegetation in these valleys be the same without the deer or low densities of deer? It
is our hope that with the protocols we develop in this study to monitor deer populations at ACHA will help the
FONAG and EPMAPS to answer some of these pressing questions in the long term.

CONCLUSION

The density of 11.27 individuals/km? deer at ACHA is still low compared to other sites in the Andes and elsewhere,
although locally as in in the humid herbaceous vegetation the density can be very high (94.05 individuals/km2). The

bulk of the reserve is home to as many deer as the two herbaceous types of habitat, respectively (Table 5). The

vegetation with the highest densities is the most productive one as judged by NDVI and probably consists of mostly
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fast growing species, highly resistant to grazing. Thus, presently deer do not pose a threat to the vegetation. Future

increases, however, might be highly detrimental’. Ultimately, the number of deer that the reserve should hold depend
on the management goals of FONAG and EPMAPS. These goals will depend on what combination of vegetation
types favors the greatest levels of water capture and slowest rates of water release, and how deer contribute to

maintaining them in the long term.
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