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Resumen

El castor (Casfor canadensis) fue introducido al archipiélago de Tierra del Fuego en
1946. En su habitat nativo, Ia riqueza y abundancia de especies de aves acuaticas
en pozones de castor es mucho mayor que en arroyos y lagunas cercanas. Un
potencial mecanismo explicativo para el mayor uso de los pozones por aves
acuaticas es un aumento en la disponibiiidad de alimento resultante de procesos
bottom-up gatillados por el embalsamiento del arroyo por el castor. En este estudio
se investigé la relacidon entre aves acuaticas y pozones de castor y se comparé con
la de los cuerpos de agua nativos.

La riqueza de especies de aves acudticas fue mayor en pozones que en los
habitats nativos para tres de cinco grupos aviares de forrajeo definidos a-prion:
herbivoros, omnivoros y piscivoros. En contraste, la riqueza de aves carnivoras no
difirié entre habitats y la de carnivoros de orilla fue mayor en arroyos. El anélisis de
materia organica bentdnica que complementd las observaciones de aves mostrd
mayor disponibilidad en pozones que en arroyos, pero no hubo diferencias
significativas con lagunas. No se detectaron diferencias en riqueza o densidad de
macroinvertebrados entre los distintos habitats.

Este estudio provee evidencia de que la introduccion de castor en Tierra del Fuego
ha tenido un efecto significativo sobre las aves. Se predice que los efectos tréficos
bottom-up del castor en los arroyos resultantes en un aumento en la disponibilidad
de alimento para las aves acuaticas seran de relativamente corta duracién. En el
contexto de un proyecto de erradicaciéon de castores, es poco probable que la
eliminacién de pozones resulte en una reduccién de la disponibilidad de habitat
para las aves acuaticas, al contrario, la erradicacion podria aumentar la

disponibilidad de habitat al permitir el restablecimiento de los arroyos.



Abstract

Beavers (Castor canadensis) were introduced to Tierra del Fuego in 1946. In their
native habitat, waterbird richness and abundance in beaver ponds is much higher
than in the adjacent rivers and than in concurrent lagoons. A potential explanatory
mechanism for the higher use of beaver ponds by waterbirds is an increase in food
resources resulting from trophic bottom-up processes triggered by beaver river
damming. In this study | assessed the relationship between waterbirds and beaver
ponds in Tierra del Fuego and compare it to that of native water bodies.

Bird species richness was higher in ponds than in native limnic habitats for three of
the five avian foraging groups defined a-prion: herbivores, omnivores and
piscivores. In contrast, richness of carnivorous birds did not differ between habitats
and richness of shoreline camivorous birds was higher in streams. Data on benthic
organic matter that complemented the bird surveys showed higher stocks in ponds
as compared to streams, but no significant difference was detected when compared
to lagoons. No differences were detected between habitats for density or richness of
macroinvertebrates.

This study provides evidence that beaver introduction into the Tierra del Fuego
Archipelago has had significant effects on aquatic birds. Bottom-up trophic effects of
beaver establishment in streams resulting in increased abundance of food resources
for aquatic birds are expected to be relatively short-lasting. In the context of a
project of beaver eradication in the Archipelago, the elimination of ponds is unlikely
to reduce habitat availability for aquatic birds, on the contrary, eradication could

render increased habitat availability by allowing the reestablishment of streams.



Introduction

Beavers (Castor canadensis Kuhl, 1820) have historically been exploited for their fur,
and this was both the cause for their near extinction in North America (Rosell et al.
2005), as well for their introduction to the Argentinean side of the Tierra del Fuego
Archipelago (hereinafter TdF), in 1946. The Fuegian landscape offered a suitable
combination of wetlands, woodlands and absence of predators for the successful
establishment of beavers and, while a fur industry failed to developed in the area, the
25 initial beaver couples gave way to the spread and establishment of the species
throughout nearly the entire Archipelago (Lizarralde 1993, Anderson ef al. 2009 ). A
survey carried out over a decade ago estimated over 100,000 individuals and a mean
density of 1 beaver colony per km of stream only on the Chilean side of TdF (Skewes et
al. 2006).

Judging from their habitat engineering capacity and the effects they have on their native
range, it is predicted that beavers have the potential to cause significant effects at all
levels of the ecological hierarchy in TdF, however only a fraction of those potential
effects have been studied and confimed (Crooks 2002, Silva & Saavedra 2008).
Studies carried out so far show that the impact of beavers on riparian vegetation,
aquatic macroinvertebrates and fish are similar in magnitude and direction to those on
their native range (Vila et al. 1999, Anderson et al. 2006, Anderson & Rosemond 2007,

Anderson et al. 2009, Arismendi 2009). In this context, the present study aims to



contribute to the understanding of beaver effects on the Fueguian ecosystem, this time
focusing on the response of aquatic birds to the changes brought by beavers on the
freshwater ecosystems of TdF.

Beavers build dams on rivers and streams, creating ponds. In North America, their
range of origin, waterbird richness and density in beaver ponds is significantly higher
than in adjacent rivers and than expected from habitat availability (Grover & Baidasarre
1995, Merendino et al. 1995, McCall ef al. 1996, Rempel et al. 1997, McKinstry ef al.
2001). Furthermore, waterbird presence in beaver ponds is higher than in concurrent
lagoons of geological origin (Peterson & Low 1977, Bulluck & Rowe 2006, Longcore et
al. 2006, Nummi & Hahtola 2008). A potential explanatory mechanism for the higher
use of beaver ponds by waterbirds is an increase in food resources resulting from
trophic bottom-up processes triggered by beaver river damming. River damming
obstructs flow, increasing retention of sediments. This, together with the extra input of
allochtonous material to the water body such as leaves and bark from beaver foraging
activities, result in increased availabilty of organic matter for detritivorous
macroinvertebrates and of nutrients for producers (Naiman & Melillo 1984, Francis et al.
1985, McDowell & Naiman 1986, Naiman et al 1986; Devito & Dillon 1993). The
bottom-up hypothesis predicts that productivity in the producer and decomposer trophic
levels is limited by resources, and thus an increase in these resources will result in an
increment in the biomass produced at these levels that will be transmitted up the food
chain, although with decreasing strength since some energy will be lost in every link of
the chain (Hairston et al. 1960, Fretwell 1987, Herenden 1995, Lampert & Sommer
1997). Following this reasoning, in beaver ponds the increment in resources for
macrophytes, phytoplankton and detritivore macroinvertebrates resulting from river

damming will boost productivity in these levels, and this effect will be transmitted up the
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trophic chain, reaching aquatic birds sooner or later depending on their position in it
(primary, secondary or tertiary consumers). Several empirical studies in the Northem
Hemisphere support this prediction by reporting increases in biomass and/or density of
various aquatic assemblages as a result of beaver activity (e.g. Hanson & Campbell
1963, McDowell & Naiman 1986, Margolis et al. 2001, Ray et al. 2001, Longcore et al.
2006, Anderson & Rosemond 2007, Krylov et al. 2007, reviewed in Collen & Gibson
2001 and Rosell ef al. 2005).

In TdF, freshwater bodies of glacial origin are a common feature in the landscape. Their
oligotrophic nature of these habitats means that their productivity is likely to be at least
partially limited by nutrient availability, making them good candidates for the expression
of the described trophic effect of beaver establishment (Smith 1985, lturraspe & Urciolo
2000, Arismendi 2009). In addition, Andersen & Rosemond (2007), studying the impact
of beavers in Navarino Island (part of TdF), found that beaver ponds had a higher
standing crop of basal resources for detritivores (wood and benthic organic matter) and
higher macroinvertebrate biomass than undisturbed stream reaches, and Arismendi
(2009) showed that beaver ponds held a higher density of macroinvertebrates, while
introduced fish (Salmo frutta Linnaeus, 1758) had a higher growth rate and higher
relative weight in beaver ponds than in streams, and he concluded that the higher
availability of resources (macroinvertebrates) seemed the most likely mechanism
explaining the improvement in trout fitness. The results of both these studies are
coherent with what is expected from a bottom-up trophic effect of beavers in Fueguian
waterbodies.

So far, no study in TdF has assessed whether beaver ponds provide suitable habitat for
waterbirds, less whether they are preferred over ‘natural’ water bodies. In this study |

assess the relationship between waterbirds and beaver ponds and compare it to that of



native water bodies. Since it is proposed that the effects of beavers on aquatic birds will
mainly result from a change brought by the species upon the trophic chain, | base my
analysis on avian foraging groups. | compare species richness and density of avian
foraging groups in beaver ponds in relation to undisturbed streams and lagoons of
similar size. If an increment in basal resources and nutrients in beaver ponds is
resulting in greater availability of food resources for birds in TdF, each avian foraging
group should be richer in species and have a higher density of individuals in beaver
ponds as compared to undisturbed streams and lagoons. The analysis of a data set on
aquatic macroinvertebrates and benthic organic matter complements the bird
observations, being expected that the availability of these resources increases as a

result of the same mechanisms acting upon the birds.



Methods

Study site

Tierra del Fuego is an archipelago located at the southernmost tip of South America
(54-56°S). This study took place on the Chilean side of the main isiand, Isla Grande
(Fig. 1). This Island has a very marked environmental gradient that runs from NE to
SW. In the northem part the terrain is flat and precipitations are scarce (250 mmy-*). To
the south, mean altitude increases towards the Darwin Mountain Range, precipitation
also increases (400 mm y-*) and becomes more seasonally homogenous (Moore 1983,
lturraspe & Urciolo 2000).

This study took place in two areas of the forest-steppe ecotone (Figs. 1 & 2), within
Karukinka Natural Park, a 300 ha private protected area managed by the Wildlife
Conservation Society. Permanent and temporary water bodies of glacial origin are a
widespread feature throughout the landscape. The watersheds of the study sites are
located in the transition towards the Andean hydrogeographic zone, with the drainage
network still retaining to a significant degree the gentle slope and limited flow of the
steppe zone (lIturraspe & Urciolo 2000). As a result, water bodies are relatively shallow.
Native streams and lagoons in a mixture of native steppe vegetation are characterized
by grasses, sedges and shrubs, and forests, dominated by tree species of the genus
Nothofagus (Moore 1983). On the other hand, vegetation in the vicinity of beaver ponds
is a meadow rich in forbs and grasses that results from the foraging activities of these

rodents, where any initial tree canopy cover is reduced up to 30 m from the water edge

{Anderson et al. 2008).
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Figure 1. The Tierra del Fuego Archipelago. Main human settlements are ildentiﬁed with their
names. Karukinka Natural Park is delimited in green. A black and a striped star indicate each of
the two study sites (see Fig. 2 for detailed maps of study sites).

Organic matter and aquatic macroinvertebrates

| analyzed a dataset on benthic organic matter and macroinvertebrates that was
collected between October and November 2006 by Dr. Christopher Anderson, as part of
a private consultancy to WCS. Raw data was provided as a result of this consultancy,
but no analysis has so far been conducted on them. Although the bird surveys were
carried out in 2008-2009, the macroinvertebrate community composition and

abundance in New Zealand streams, which are similar to those of TdF in geological



origin, climatic conditions and nutrients, has been considered to be interannually stable
in the long term, as long as no extreme variations in climate occur {Scarsbrook 2002,
Collier 2007), which has not been the case for the 2006-2008 period (Arismendi 2009).
The methods used to collect these data are as follows: benthic organic matter samples
were taken with a core-sampler (0.7 m?) from beaver ponds, free-flowing streams (not
paired with ponds) and lagoons in the surroundings of Vicufia base camp (marked with
a striped star in Fig 1.). Three sub-samples were taken per replicate. Samples were
passed first through a sieve of 1mm mesh size to separate coarse benthic organic
matter (CBOM) and then through one of 250um mesh size to separate fine benthic
organic matter (FBOM). Samples were dried at 60°C and ashed at 500°C to determine
ash-free dry mass (AFDM).

Samples of macroinvertebrates where taken with the same core sampler on the same
sites for benthic organic matter samples, with three sub-samples on each site. They
were passed through a sieve of 250 mesh size and stored in ethanol. In the laboratory,
macroinvertebrates were separated from detritus under the microscope and identified to
the lowest possible taxonomic level according to Femandez and Dominguez (2001) and

Anderson (2004).

Avian foraging groups and habitat use

A preliminary list of the waterbirds that occur in our study area was made based on field
guides (Venegas 1994, Couve & Vidal 2003). For the purpose of this study, we
considered waterbirds to be those who live and feed in association to inland wetland
habitats, as described in Victoriano et al. (2006) and Vilina ef al. (2006). Additionally,

we also considered for this study those terrestrial birds that do not live in the water, but



who are usually found in the surroundings of wetlands and feed on riparian aquatic
resources (see Table 1). Birds were classified into foraging groups, according to the
diet and feeding behavior described in Johnson & Goodall (1965), Fjeldsa & Krabbe
(1990), Del Hoyo et al. (1992), Fry & Fry (1992) and Todd (1996) (Table 1).

Waterbird surveys were conducted on beaver ponds, free-flowing rivers (not paired with
ponds) and lagoons from 6.30 to 12.00 a.m. in November 2008 (1¥-15") and January
2009 (14"-29"). Beaver ponds and lagoons were censused using flush-counts, followed
by 10-minutes point-counts with a period of adaptation of 5 minutes. Free-flowing rivers
were censused using flush-counts along linear transect counts of 500 m along the river
course (Gregory et al. 2004). Census were suspended on days of heavy rain. Sampled
sites were selected in a random manner based on maps, aerial photographs and
exploratory walks, but also subject to accessibility. In order to avoid species-area
effects, | excluded ponds/lagoons considered too large for one point-counts. Each site
was surveyed only once, and sites were separated from each other by at least 1 km to
prevent double-counting of birds. In order to allow comparison between habitats, bird
richness and abundance were standardized by area of surface water surveyed.
Hectares were used as the basic surface unit because it is frequently used for bird
surveys on lentic water bodies (e.g. Merendino ef al. 1995). Although it is a
counterinfuitive unit for streams, it allows comparison between habitat types (for
visualization purposes it might help to think that a 500 m stretch of a 20 m wide stream
would approx. span 1 hectare of water surface). Area was estimated by assuming an
elliptical shape of ponds/lagoons and measuring the transverse and conjugate
diameters with a Rangefinder. For rivers, we assumed a rectangular shape and

measured average width of the stream using the Rangefinder.



Map Key

# Censused beaver ponds
« Censused lagoons
Censused streams

[] High Atpine Zone
Cloud
Deciduous Forest
Evergreen Forest
[ ] Grassiand 1/Bush
[ ] Grassland 2/Steppe

Figure 2. Maps of study sites. Location of bird surveys are indicated with colored dots (see map
key). Striped star: Vicuna base camp and surrounding area. Black star: Lago Escondido base
camp and surrounding area.



To allow comparison between the effects of beavers on their native and introduced
ranges, a list of those waterbirds that prefer beaver ponds in North America was made.
Finally, based on the bibliography and the results obtained, a conceptual model of the

effect of beaver on Fueguian streams is proposed.

Table 1. Waterbirds and terrestrial birds closely associated to wetlands that occur in the
study area.

Herbivores Shoreline camivores
Anas sibilatrix? Poeppig, 1829 Nycticorax nycticorax"*°Linnaeus, 1758
Fulica armillata Vieillot, 1817 Calidris bairdi* Coues, 1861

Calidris fuscicollis® Vieillot, 1819
Carnivores Gallinago paraguaiae” Vieillot, 1816

Lophonetta specularioides™King, 1828 Vanellus chilensis” Molina, 1782
Tachyeres patachonicus"*°King, 1831 Pardirallus sanguinolentus’ Swainson, 1838
Rolfandia rolfand® Quoy & Gaimard, 1824 | Cinclodes fuscus’ Vieillot, 1818
Cinclodes oustaleti’ Scott, 1800

Piscivores Cinclodes patagonicus’ Gmelin, 1789
Podiceps major?Boddaert, 1783 Cistothorus platensis® Latham, 1790
Megaceryle torquata™ Linnaeus, 1766 Lessonia rufa’ Gmelin, 1789

Phalacrocorax brasilianus >° Gmelin, 1789

Omnivores

Anas fla virostrfs‘?Vieiltot, 1816
Anas georgica™® Gmelin, 1789
Anas platalea’ Vieillot, 1816
Anas specularis"?King, 1828

References for foraging groups: 'Johnson and Goodall (1965), “Del Hoyo et al. (1992),
*Fjeldsa & Krabbe (1990), “Fry & Fry (1992), *Todd (1996).
* Terrestrial birds.
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Data analyses

Data on standing crops of total benthic organic matter (BOM), CBOM and FBOM,
macroinvertebrate taxa richness and density, and bird abundance did not comply with
the assumptions of normality and homocedasticity, so differences between habitat
types were assessed using the non-parametric Kruskall-Wallis one-way analysis of
variance by ranks and Mann-Whitney U tests. The Least Significance Difference in
ranks was used as a post-hoc test to determine the source of significant differences.
Correlation between standing stocks of organic matter in the different fraction sizes and
macroinvertebrate density and richness was assessed using Spearman’s correlation
coefficient. The software Minitab© was used to perform all the afore mentioned
statistical analyses. The software PAST® (Hammer et al. 2001) was used to generate
rarefaction curves to allow comparison of species richness between sets of
observations with different sample size. Finally, Moran’s | was calculated to test for

random spatial distribution of the data (see Appendix 1).
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Results

Standing stocks of BOM, CBOM and FBOM were all significantly higher (3-5 times) in
beaver ponds compared to streams, and values in lagoons did not differ from those in
either of the other two habitats (Table 2).

In total, thirty-three macroinvertebrate taxa were identified (Table 4). There was no
significant difference between density of macroinvertebrate in ponds, streams and
lagoons. Macroinvertebrate richness had similar values among the three habitat types
(Table 2).

A significant positive correlation was found between BOM, CBOM and FBOM and
macroinvertebrate density. The magnitude of the correlation decreased with decreasing
fraction size (Table 3). Macroinvertebrate richness was not correlated to organic matter
standing stock in any fraction size (Table 3).

(Table 5). No spatial autocorrelation was found between the variables studied
(Appendix 1), but the lack of a vehicle and difficult accessibility of the area significantly
limited the number of sites that could be located and reached, resulting in an unequal
final sample size for the different habitats (14, 19 & 19 for lagoons, ponds and streams
respectively). The species accumulation curves for each habitat did not level off with the
number of sites sampled (data not shown), so rarefaction curves were constructed to
compare species richness in each habitat for the smallest sample size (14 sites). At this
sample size, there were no differences between habitats for camivorous birds (Figs. 3-

5). For shoreline carnivores richness was significantly higher in streams, followed by
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lagoons and then by ponds (Figs. 6-8). In contrast, omnivore bird species richness was
higher at ponds, followed by lagoons and then by streams (Figs. 9-11). Finally, no
herbivores or piscivores were observed at streams nor lagoons, while species richness
for these two groups was low, but greater than zero in ponds (Figs. 12 & 13).

Density of birds could not be compared between the three habitat types since there is
no equivalent procedure to rarefaction for estimating species density for smaller sample
sizes. Thus, only pond and stream habitats were compared for this variable. Omnivore
abundance was greater in beaver ponds than streams, while there were no significant
differences for shoreline carnivore density (Fig. 14). For the other foraging groups no
significant differences could be tested because their scarce presence in the surveys
(only one or two sightings per habitat type) did not allow statistical comparison.

Twenty species of birds were identified as occupying beaver ponds in a higher
proportion to availability in North America (Table 6). The North American waterbird
community had one foraging group that is not present in TdF, namely that of shoreline
omnivores. Herbivores and shoreline camivores were the most species-rich groups in
North America, while in TdF the group of shoreline camivores was the most species-
rich, and herbivores were only comprised by one confirmed species (Tables 5 & 6). The
omnivore group in ponds was composed by three species of dabbling ducks of the
genus Anas both in the native and the introduced ranges of the beaver, but while in
North America this is the group with a low relative number of species, in TdF the group
is the richest of the strict waterbird species (i.e. excluding shoreline carnivores). in
contrast, the also species-poor groups of camivores and piscivores in North American
ponds maintain this position in Fueguian ponds (Tables 5 & 6).

The conceptual model of the effect of beaver establishment on Fueguian streams on

waterbirds is presented in Figure 15.



Table 2. Standing stocks (g AFDM/m?) of BOM, CBOM and FBOM and macroinvertebrate density (n° ind./m? and richness (n°taxa/m?). Values
correspond to median, first and third quartiles are in parenthesis. Differences between habitats were assessed using a Kruskall-Wallis analysis of
variance by ranks, followed by a post-hoc LSD test. H Statistic, degrees of freedom (Df) and significance value (p) for KW are shown. Different capital

letters indicate significant differences between habitats™.

Beaver pond Stream Lagoon H Df p
(n=8) (n=10) (n=3)
BOM 112 (093-14) A 0.30 (0.24-0.51) B 0.80 (0.49-1.4) AB 12.92 2 0.002
CBOM 0.52 (0.4-0.67) A 0.10 (0.08-0.16) B 0.32 (0.20-1.03) AB 12.00 2 0.002
FBOM 0.64 (0.53-0.77) A 0.20 (0.16-0.36) B 0.39 (0.21-0.40) AB 13.19 2 0.001
Macroinvertebrate density 253.6 (140.0-578.5) 100.5 (21.9-199.0) 279.0 (186.7-422.9) 5 2 0.067
Macroinvertebrate richness 12.6 (10.9-12.9) 10.7 (6.2-13.5) 10.5 (10.5-13.3) 075 2 0.721

*A power test for ANOVA was used to obtain a conservative estimate of the power of the KW for this data set (Mahoney & Magel 1996). The power of

the test was high (>0.8) for n=10 and 8 (ponds and streams) but lower (<0.4) for n=3 (lagoons). Lack of significant differences between lagoons arid

other habitats should thus be interpreted with caution.

Table 3. Correlation between benthic organic matter in
macroinvertebrate density and richness. The t statistic and p value for Spearman’s correlation is

its different fraction sizes and

given,
Spearman’s p t p
Density 0.648 3.709 <<0.01
BOM
Richness 0.235 1.052 0.306
Density 0.595 3.225 <0.01
CBOM
Richness all 0.166 0.074 0.471
Density 0.583 3.129 <0.01
FBOM
Richness 0.296 1.351 0.193
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Table 4. List of the macroinvertebrate taxa found on Vicufia base camp and their occurrence in the three different habitat types.

15

Ponds | Streams Lagoon:
Class Subclass Order Suborder | Sub cohort | Family Subfamily Genus
Arachnida Acari Acariformes Prostigmata | Hydrachnidia X X X
Bivalvia Heterodonta | Veneroida Sphaeriidae Pisidium X X
Branchiopoda Diplostraca Cladocera X X X
Clitellata Oligochaeta X X '
Entognatha Collembola | Entomobryomorpha X
Gastropoda [ Lymnaeidae Lymnaea X
Hirudinea X X B
Insecta Dysticidae X X X
Coleoptera Hydrophilidae X X
Scirtidae X J
Ceratopogonidae X X X |
QOrthocladiinae X X X
Chironomidae Podonomings X -
Diptera Tanypodinae X X X
Chironominae | Chironomus X X X
Simuliidae Gigantodax X
Tabanidae X
Tipulidae X X %
Ephemeroptera Baetidae ! Andesiops X |
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Table 5. List of birds observed during the surveys and their occurrence the different habitats.

Pond

Stream Lagoon

Herbivores
Anas sibilatrix

X

Omnivores

Anas flavirostris**
Anas georgica™
Anas specularis

X
X
X

Carnivores
Lophonetta specularioides
Tachyeres patachonicus

Piscivores

Phalacrocorax brasilianus

Shoreline camivores

Nycticorax nycticorax
Calidris fuscicoflis
Cinclodes fuscus
Cinclodes sp.*
Gallinago paraguaiae
Lessonia rufa
Vanelflus chilensis

X
X

>

X
X

XX X X X

*Due to the difficuity of differentiating between C. oustaleti and C. patagonicus from

the distance, they were recorded together.

**These species are herbivores but switch to an omnivore diet during the breeding
season, when this study was conducted (Del Hoyo ef al. 1992, Todd 1996).

Table 6. List of the birds that have been recorded using beaver ponds in a higher

proportion to their availability in the landscape

in North America.

Herbivores

Piscivores

Aythya collaris>*T Donovan, 1809
Anas discors®' Linnaeus, 1766
Aix sponsa”?>T Linnaeus, 1758

Gavia immer>' Brunnich, 1764
Mergus merganser” ' Linnaeus, 1758
Megaceryle alcyon"* Linnaeus, 1758

Anas americana>’ Gmelin, 1789

Shoreline omnivores

Branta canadensis”?" Linnaeus, 1758

Porzana carolina™>' Linnaeus, 1758

Omnivores

Shoreline carnivores

Anas platyrhynchos"z'* Linnaeus, 1758
Anas rubﬁpesz*Brewster, 1902
Anas crecca® Linnaeus, 1758

Carnivores

Lophodytes cucullatus™*>T Linnaeus, 1758
Podylymbus podiceps®' Linnaeus, 1758
Bucephala clangula®! Linnaeus, 1758

Botaurus lentiginosus”* ' Rackett, 1813
Ardea herodias"*! Linnaeus, 1758
Gallinago gallinago™ T Linnaeus, 1758
Actitis maculanius™>" Linnaeus, 1766
Tringa solitaria"t Wilson, 1813

References: 'Grover and Baldasarre (1995),

(2006).

“Rempel et al. (1997), *Longcore et al.

Foraging groups: Todd (1996), Del Hoyo et al. (1992), §ny & Fry (1992).
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Figures 3-5. Rarefaction curves for carnivorous birds at the different habitat types. Red lines indicate the estimated
species richness at each sample size, blue lines indicate 95% confidence intervals. There were no significant differences

between habitat types at sample size =14.
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Figure 15. Conceptual model of the effect of beavers on aquatic birds through trophic bottom-up
processes.
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Discussion

The TdF archipelago is home to eleven native and twelve introduced mammal species
with well-established populations (Anderson ef al. 2006). Of those species introduced,
the beaver is the most widespread and the one showing the highest number of potential
ecological effects in the native ecosystem, even though only a fraction of them have
been verified for the Archipelago (Anderson et al. 2006, Silva & Saavedra 2008). The
exotic species present in the TdF provide an opportunity to increase our understanding
on the ecological mechanisms of biological invasions as well as on those that shaped
the Fueguian ecosystem prior to these introductions.

Rapidly accumulating evidence indicates that the effects of beavers on TdF are similar
in direction and, to a lesser degree, in magnitude to those on their native range, and
can therefore be readily predicted combining knowledge of their natural history with that
of the recipient ecosystem (Vila et al. 1999, Anderson et al. 2006, Anderson &
Rosemond 2007, Anderson et al. 2009, Arismendi 2009). The present study aimed to
investigate if beaver ponds had a significant effect on the aquatic bird community and
on other birds closely associated to water bodies, as it occurs in their range of origin
where beaver ponds have a higher species richness and density of waterbirds (e.g.
Merendino et al. 1995, Longcore ef al. 2006).

In this study, species richness was higher in ponds than in native limnic habitats for
three of the five avian foraging groups defined a-prion: herbivores, omnivores and
piscivores. Birds in the herbivore group are exclusively primary consumers and are

therefore expected to exhibit a higher difference between ponds and other habitats than



the other avian foraging groups, as the magnitude of the bottom-up effect is expected to
decrease with increasing number of links separating a certain trophic level from the
basal resources where the effect began (Lampert & Sommer 1997). Consistent with this
idea, herbivorous birds are the group with the highest species richness of strict
waterbirds in the North American bird community found in beaver ponds however, we
cannot say the same from this study, where herbivores were limited to one species (of
two potentially present, Table 1). The low relative species richness of this group is
probably not an artifact of low sample size in this study but actually a characteristic of
southern TdF, as it can be seen in Table 1. There are at least two other herbivorous
waterbirds that reach the northern part of the lIsland (Fulica rufifrons and Fulica
feucoptera, Couve & Vidal 2003) but do not reach the southern part. This could be an
indicator of lower productivity of macrophytes in the southern part, perhaps influenced
by the lower temperatures (lturraspe & Urciolo 2000), which remains as a hypothesis to
be tested. The herbivorous A. sibilatrix found in beaver ponds migrates north in the
winter, avoiding any of eventual effects caused by the drop in temperature (Venegas
1994, Couve & Vidal 2003). The same strategy is shared by two of the three observed
omnivore species, A. flavirostris and A. georgica (op.cit.). These and the other dabbling
ducks sieve mud and retain invertebrates in their lamellae (Todd 1996), being able to
efficiently forage on macroinvertebrates living both upon and inside the benthos. Their
higher richness and density in ponds as compared to native water bodies could
nonetheless not be related to any changes in the macroinvertebrate community, this in
spite of a significant increase in standing stock of organic matter in ponds and a positive
correlation between the latter variable and macroinvertebrate density. Given that
Anderson & Rosemond (2007) found a significant increase in macroinvertebrate

biomass as a result of beaver activity in Navarino Island notwithstanding a lack of



differences in macroinvertebrate density, it would still be adequate to check for the
response of this latter variable in the present study area.

Carnivores and piscivores were also very scarce, something that could at least partially
be related to their position in the trophic chain. Higher order consumers are expected to
be scarcer than lower trophic levels (Elton 1927). In fact, these two foraging groups are
among those having the lowest species richness in ponds both in North America and
TdF. On the other hand, four of the camivore and piscivore species that occur in the
study area also forage in marine habitats (L. speculfarioides, T. patachonicus, P. major
and P. brasilianus; Johnson & Goodall 1965, VVenegas 1994), negatively influencing the
probability of detection. In the case of the only sighting of a piscivore species in this
study, and its presence in beaver ponds was probably more related to habitat
provisioning, or to a combination of the later and trophic effects, as it corresponded to a
breeding colony of P. brasilianus nesting in the trees killed by the flooding caused by
the beaver. This observation highlights the importance of factors other than food
availability in determining the selection of a certain habitat type. Provision of adequate
breeding sites is another important factor influencing habitat selection by waterbirds
(Todd 1996). In North America, vegetation interspersion has been found to be positively
related to the presence of breeding pairs in beaver ponds, which would be provide
territorial isolation and cover for breeding pairs and nests (e.g. Edward & Otis 1999;
Found et al. 2008).

In contrast to predictions, shoreline omnivores showed the lowest species richness in
beaver ponds, and the highest in streams, although in terms of density no difference
was observed between habitats. One possible explanation for this result is that one
dominant method of foraging in this group is pecking on invertebrates that live hidden

among the rocky substrate (Johnson & Goodall 1965, Todd 1996, Couve & Vidal 2003).



In beaver ponds, the rocky substrate is completely covered by soft sediment (Anderson
& Rosemond 2007) and, although other invertebrates live inside the sediment, their
visual localization will be limited (Lampers & Sommers 1997). Member species of this
foraging group that are not particularly affected by this change can still forage in beaver
ponds, and the individuals lost from the gone species could be compensated by an
increase in the number of individuals of the remaining species as a result of the higher
availability of food in ponds, so that density of the group remains similar between the
two habitats. Macroinvertebrates living within the sediments will be nonetheless preyed
upon most efficiently by dabbling ducks, as mentioned above.

In general terms, this study provides evidence that the beaver has significant effects on
Fueguian birds living in close association with freshwater bodies, effects that in most,
but not all cases are those expected from the changes the species causes in its native
range. It must be noted though that there are several factors hampering the ability to
draw strong conclusions from this study. First, no stabilization in the species
accumulation curves for each habitat was reached, meaning that a larger sampling
effot would have been necessary to fully account for the differences in the bird
communities, especially for the scarcer groups. A good way of improving sampling
efficiency other than increasing the number of sites is also increasing the number of
skilled observers. A second observer can decrease in 15-25% the number of missed
birds in a habitat with relatively good visibility such as water bodies (Preston 1970).
Ancther limitation of this study is that the analysis is limited to trophic interactions, and
more specifically only to bottom-up effects. Even if these were the dominant forces in
this ecosystem, such an approach is a simplified version of real-world interactions and
the influence of top-down effects and competition, among other factors, have been

ignored. It is certainly possible that bottom-up and top-down effects are operating



simultaneously in determining species richness and abundance in a certain trophic

levels (Hairston et al. 1960, Herenden 1995, Lampert & Sommer 1997).

Implications for management

Currently, there is an ongoing binational (Chilean-Argentinean) initiative to eradicate
beavers from the entire TdF Archipelago, being pushed forward by private and public
stakeholders (Parkes et al. 2009). The magnitude of economic and labor resources
required to carry out such endeavor urges that the largest possible amount of scientific
understanding on the various aspects of beaver biology, ecology and effects is made
available in order for stakeholders to make informed decisions in all the stages of the
process. Below | summarize the implications of this study for this and other beaver
management initiatives in TdF.

The effects of introduced species are not static but vary significantly with time. In fact,
the impacts of introduced species can be thought of as having an acute phase
(immediate impacts) and a chronic phase (impacts that arise after a lag time and that
last in the long-term) (Strayer et al. 2006).

Beaver ponds reach an eutrophic state quickly, after which productivity gradually
decreases until the ponds reaches a dystrophic state after approx. 10 years (Collen &
Gibson). Thus, at the local scale, the bottom-up trophic effect of beaver ponds is
temporary. For example, Renouf (1972) observed that active beaver ponds housed
significantly more waterbird broods than older ponds that had been abandoned by
beavers. Beavers move out of the colonized patch when the riparian vegetation has
been out-consumed, between 5-15 years after colonization (Miller-Schwarze & Sun

2003). In their native range, abandonment of the site allows vegetation to recover, so



that the same patch can be recolonized after a few years (Miller-Scharze & Sun 2003,
Rosell et al. 2005). In TdF however, the native tree species lack the capacity to recover
from beaver flooding and cutting, so that there is little or no recovery of the original
vegetation up to twenty years after beaver abandonment (Anderson et al. 2008,
Martinez-Pastur et al. 2006) and therefore, at least theoretically, beavers would not re-
colonize the patch and the pond would be lost when the dam breaches from lack of
repair. In reality, as the density of beavers increases and the non-colonized stream
reaches become scarcer, beavers do recolonize old sites or settle in sub-optimal habitat
such as streams in the steppe zone (Skewes et al. 2006; Claudioc Moraga, WCS,
personal comm.). Recolonized ponds will remain dystrophic (chronic effects) and thus
their trophic value will be permanently lower than in the initial years.

The precise time that it has taken beavers to reach carrying capacity in TdF and start
colonizing sub-optimal habitat and recolonize old sites is unknown, but it is likely that
we are still in a period in which a number of old ponds co-exist in the landscape with
others that are relatively new. Thus, the results of this study probably do not correspond
entirely either to acuie nor chronic effects, but to a transitional state. Studies that take
into account pond age and their differential effects are encouraged, but until those are
available | predict, based on the available literature, that values in aquatic bird richness
and density in ponds will be higher in the initial years, to gradually decrease and reach
values similar to natural lagoons, to finally decrease even further when ponds reach a
dystrophic state.

Management plans need to deal with effects according to their time-frames. Acute
effects of species are of importance for short-term management actions. For definitive,
long-term initiatives such as eradication, chronic effects are more appropriate to use in

cost-benefit analysis. Beaver eradication in TdF will imply the elimination of ponds in a



been out-consumed, between 5-15 years after colonization (Miiller-Schwarze & Sun
2003). In their native range, abandonment of the site allows vegetation to recover, so
that the same patch can be recolonized after a few years (Miller-Scharze & Sun 2003,
Rosell et al. 2005). In TdF however, the native tree species lack the capacity to recover
from beaver flooding and cutting, so that there is little or no recovery of the original
vegetation up to twenty years after beaver abandonment (Anderson et al. 2006,
Martinez-Pastur et al. 2006) and therefore, at least theoretically, beavers would not re-
colonize the patch and the pond would be lost when the dam breaches from lack of
repair. In reality, as the density of beavers increases and the non-colonized stream
reaches become scarcer, beavers do recolonize old sites or settle in sub-optimal habitat
such as streams in the steppe zone (Skewes et al. 2006; Claudio Moraga, WCS,
personal comm.). Recolonized ponds will remain dystrophic (chronic effects) and thus
their trophic value will be permanently lower than in the initial years.

The precise time that it has taken beavers to reach carrying capacity in TdF and start
colonizing sub-optimal habitat and recolonize old sites is unknown, but it is likely that
we are still in a period in which a number of old ponds co-exist in the landscape with
others that are relatively new. Thus, the results of this study probably do not correspond
entirely either to acute nor chronic effects, but to a transitional state. Studies that take
into account pond age and their differential effects are encouraged, but until those are
available | predict, based on the available literature, that values in aquatic bird richness
and density in ponds will be higher in the initial years, to gradually decrease and reach
values similar to natural lagoons, to finally decrease even further when ponds reach a
dystrophic state.

Management plans need to deal with effects according to their time-frames. Acute

effects of species are of importance for short-term management actions. For definitive,



long-term initiatives such as eradication, chronic effects are more appropriate to use in
cost-benefit analysis. Beaver eradication in TdF will imply the elimination of ponds in a
chronic dystrophic state with little trophic value for aquatic birds, and will also allow the
gradual reestablishment of streams, which are used by a several bird species. Thus,
the present study does not find any evidence suggesting that beaver eradication could

result in the elimination of the habitat of birds associated to waterbodies in TdF.
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Conclusion

This study provides evidence that beaver introduction into the Tierra del Fuego
Archipelago has had significant effects on the birds that have a close trophic
association with limnic habitats. In general terms, the results support the observations
of other studies in the area that indicate that the impacts of beaver in TdF are similar to
those on its range of origin, although unexpected responses in certain avian foraging
groups were also found, which could be related to the temporal context of the effects of
this rodent. Bottom-up trophic effects of beaver establishment in streams resulting in
increased abundance of food resources for aquatic birds are expected to be relatively
short-lasting. In the context of a project of beaver eradication in TdF, the elimination of
ponds in a chronic dystrophic state is unlikely to reduce habitat availability for aquatic
birds, on the contrary, eradication could render increased aquatic bird habitat

availability by allowing the reestablishment of streams.
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Table 3. Spatial correlation test for species density values in Vicufia area. Z >| 1.96] is
considered significant at p < 0.05.

n d;ﬂ;ige # neighbors* | Moran's | Z Variance
o | Ponds 11 4.4 8 046 | -128| 008
-% Streams 11 6.2 6 -0.06 0.12 0.12
S Al sites 31 28 26 013 | -048| 003
o g |Ponds 11 4.4 8 022 |-040| 008
g é Streams 11 5.8 6 035 | 132 | 0412
B S | Al sites 31 2.8 26 0.14 102 | 004

*Lag value was set at 3rd quartile distance values.

Table 4. Spatial correlation test for species density values in Lago Escondido area. Z
>|1.96] is considered significant at p < 0.05.

Mean

n distance # neighbors* | Moran's | z Variance
@ Ponds 8 25 5 -0.30 -0.56 0.08
-g Streams 8 2.2 6 -0.55 -1.23 0.1
S All sites 21 186 3 -0.20 -0.67 0.04
o @ Ponds 8 2:5 5 0.08 0.63 0.12
g -é Streams 8 22 6 0.18 1.40 0.05
Z S All sites 21 1.6 3 0.51 1.93 0.09

*Lag value was set at 3rd quartile distance values.
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Appendix 1. Spatial autocorrelation analysis

Values for omnivore and shoreline camivores species richness and abundance* from all
sampled sites (by habitat type and altogether) in Vicuiia area and Lago Escondido area
were tested to check whether values were influenced by the distance from a site to
other sites, thereby differing from a random distribution. The Microsoft Excel Add-in
RookCase® (Sawada 1999) was used to perform spatial correlation analysis by
calculating Moran’s |. Results indicate no spatial autocorrelation in the values (Null
hypothesis = values are randomly spatially distributed).

Table 1. Spatial correlation test for species richness values in Vicufia area. Z >| 1.96] is
considered significant at p < 0.05.

n dishﬁZii;e # neighbors* | Moran's | Z Variance

» | Ponds 11 4.4 8 -0.48 -1.28 0.09
g Streams 11 8.2 6 -0.01 0.25 0.12
£ | Lagoons 9 5.2 9 0.26 1.73 0.05
© [ Allsites 31 238 26 007 |-023| 003
08 Ponds 11 4.4 8 -0.14 -0.17 0.07
% g Streams 11 58 6 -0.03 0.21 0.12
{% § Lagéons 9 52 9 0.07 1.03 0.04
All sites 31 2.8 26 0.01 0.29 0.02

*Lag value was set at 3rd quartile distance values.

Table 2. Spatial correlation test for species richness values in Lago Escondido area. Z
>|1.96 is considered significant at p < 0.05.

n dii\sntZ?trt]:e # neighbors* | Moran's | zZ Variance
. |Ponds 8 25 5 054 |-102| 015
S |streams 8 22 6 052 | -123| 009
S | Lagoons 5 22 2 038 | -050| 006
© [Allsites 21 16 3 007 |-004| o028
. | Ponds 8 25 5 022 | 114 | 0410
% 5 [Streams 8 22 6 007 | 078 | o007
(% § Lagc?ons 5 22 2 0.56 1.21 0.44
All sites 21 16 3 023 | 052 | 028

*Lag value was set at 3rd quartile distance values.



Table 3. Spatial correlation test for species density values in Vicufia area. Z >|1.96]is
considered significant at p < 0.05.

n ditntz?}r;e # neighbors™ | Moran's | Z Variance
g |Ponds 11 4.4 8 046 | -128| 008
S |streams 11 6.2 6 006 | 012 | o012
5 Al sites 31 2.8 26 013 | -048| 003
o g |Ponds 11 44 8 022 |-040| 008
g g Streams 11 5.8 6 035 | 132 | 012
DS | i sites 31 2.8 26 0.14 102 | 004

*Lag value was set at 3rd quartile distance values.

Table 4. Spatial correlation test for species density values in Lago Escondido area. Z
>|1.96] is considered significant at p < 0.05.

Mean

n i uren # neighbors* | Moran's | Z Variance

@ | Ponds 8 25 5 -0.30 -0.56 0.08
5]

2 | Streams 8 213 6 -0.55 .93 0.11
£

O | All sites 21 16 3 -0.20 -0.67 0.04
o g |Ponds 8 25 5 0.08 0.63 0.12
C o
= 0

g-g Streams 8 22 6 0.18 1.40 0.05
P
PO | Al sites 21 16 3 0.51 1.93 0.09

*Lag value was set at 3rd quartile distance values.
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