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e Photosintesis consultores, Luis Carrera 2600 depto. 401, Vitacura, Chile 
f Departamento de Asuntos Hídricos y Proyectos de Impacto Ambiental, Secretaría de Planificación Comunal, Ilustre Municipalidad de Paillaco, Chile 
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A B S T R A C T   

The ecology of leeches worldwide has been scarcely studied, with the ecology of Neotropical leeches remaining 
highly unknown. Americobdella valdiviana, an endemic, carnivorous, and giant leech that inhabits the Valdivian 
evergreen forest in southern Chile, an ecosystem that has experienced an increase in its net loss from 3.6% to 
12% in the last decades due to various human activities. Here, we combined citizen science with species dis-
tribution models (SDM) to analyze (i) the effect of habitat variables with the abundance A. valdiviana, (ii) the 
distribution range, (iii) the habitat loss and fragmentation of A. valdiviana, and (iv) their conservation status. 
First, we asked each user or scientist for the observed relative abundance and a series of environmental variables, 
which were then correlated by using Generalized Linear Models. Then, distribution ranges were estimated using 
SDM, which was combined with multiannual forest cover maps to identify habitat loss and fragmentation be-
tween 2000 and 2018. Finally, we used IUCN criteria to evaluate the conservation status of this species. 
Abundance was related mainly to the canopy coverage, while suitability was positively associated to temperature 
seasonality and canopy cover. Suitability was higher in forests with levels of primary productivity. We found that 
the north and center zones of the species range experienced high habitat loss and fragmentation. Under IUCN Red 
List criteria, we qualified this species as endangered. Our results support that the combination of citizen science, 
SDM, and spatial analysis at local and biogeographical scales can inform conservation actions of poorly known 
and threatened macroinvertebrate fauna.   
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1. Introduction 

Invertebrates have the largest number of species, abundance, and 
functional diversity of any group of animals in the planet, inhabiting all 
ecosystems worldwide, from eternal ice to the deepest points under the 
sea (Cardoso et al., 2011a; Leather, 2015; Mora et al., 2011). The pro-
tection of invertebrate biota is a priority for sustainable ecosystem 
management since they support essential provisioning, regulation, and 
recreational ecosystem services (Cardoso et al., 2011a; Leather, 2015; 
Prather et al., 2013). However, the lack of knowledge on the abundance 
and distribution patterns of invertebrates represents the most critical 
shortcomings for their conservation (Cardoso et al., 2011b; Troudet 
et al., 2017), making this information necessary under the current and 
future scenarios of land use change, fragmentation, and climate warm-
ing (Haddad et al., 2015). 

Some invertebrate species are usually considered flagship or focal 
species due to their bright colors or large sizes, or their presence is even 
considered an indicator of ecosystem health (Alaniz, et al., 2018; Barua, 
et al., 2012; Bond, 1994; Cobbaert et al., 2010). However, there is a large 
proportion of invertebrates of which information is scarcely available, 
which could hinder the development of conservation actions for based 

on the study of their ecological dynamics (Troudet et al., 2017). 
Different approaches have been used to solve this limitation, among 
which citizen science could represent an important tool to increase the 
knowledge of this species (Koshkina et al., 2017). In fact, different cit-
izen science projects have successfully generated new data on different 
invertebrates such as bumblebees, coccinellids, and flies (Alaniz et al., 
2018; Barahona-Segovia and Barcelo, 2021; Grez et al., 2016; Montalva 
et al., 2017). An important data parameter of citizen science is linked 
with geographical coordinates, which can be combined with ecological 
niche modeling techniques to estimate distributions and habitat spatial 
dynamics, such as loss and fragmentation (Carvajal et al., 2018; Alaniz 
et al., 2018). Hence, the combination of citizen science and niche 
modelling opens new opportunities to study the effects of land use 
change on invertebrates within ecosystems that have been highly 
exposed to human pressures. 

Southern South American forest have been seriously affected by land 
use change during the last decades, which have been mainly concen-
trated in the central-south zone of Chile between 30◦ and 40◦S (Miranda 
et al., 2017; Rodríguez-Echeverry et al., 2018; Smith-Ramírez, 2004; 
Zamorano-Elgueta et al., 2015). These changes have caused high habitat 
loss and fragmentation of coastal native forests, which have a high 

Fig. 1. Phenotypes and habitat of Americobdella valdiviana (Philippi, 1872): (A) and (B) Orange-yellow individuals, both in leaf litter in primary native forest in 
Alerce Costero National Park, Los Ríos region. Photos by Roque Montecinos-Ibarra and Carola Venegas-Díaz respectively; (C) and (D) light grey individuals with 
lateral yellowish bands, all in forest stream, San Juan de la Costa forest, Los Lagos region. All photos taken by Edgardo Flores; (E) dark grey individual on the floor of 
native forest, Cayucupil, Bíobio region. Photos by Edgardo Flores; (F) dark grey individual with yellowish lateral bands in forest stream, Isla del Rey, Los Rios region. 
Photo by Varbara Ramos. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) 
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number of poorly known endemic species and had been considered a 
biodiversity hotspot (Myers et al., 2000). One of these species is Amer-
icobdella valdiviana (Philippi, 1872), which is part of the leech family 
(Hirudinea) individuals belonging to a taxonomically diverse group (ca. 
680 species), distributed across all continents, except Antarctica and the 
Pacific Islands, occupying terrestrial, marine, and freshwater habitats 
(Sket and Trontejl, 2007; Tessler et al., 2018). Americobdella valdiviana is 
a monogeneric species of Americobdellidae, which is the single family of 
Americobdelliformes order (Ringuelet, 1985; Tessler et al., 2018; 
Fig. 1A–F; Fig. S1, fixed animals). This species could be considered a top- 
predator species in ecological assemblages in temperate forest soils, 
which feed on native earthworms and have an essential role as popu-
lation controller (Ringuelet, 1985). This species is more active during 
the humid season (autumn–winter), which coincides with an increase in 
the abundance of the earthworm, which promotes the predatory activity 
of the A. valdiviana. The latter is an unusual and scarcely collected 
species of giant leech, considered easily recognizable for its robust body 
and large size (reaching up to 27 cm), endemic to temperate forests of 
southern South America (Borda and Sidall, 2004; Moore, 1924; Ring-
uelet, 1985; Sket and Trontejl, 2007). Its color is variable, generating 
speculation on the presence of different species, with its dark gray color 
being the most common morphotype (Fig. 1E), followed by that of a dark 
gray body with orange bands on the edges (Fig. 1C–E; Ringuelet, 1985). 
However, a recent molecular analysis ruled out that the color-based 
morphotypes were different species (Alún, 2013). Scientific knowledge 
about the natural history of A. valdiviana remains neglected, which 
hinders the generation of analysis focused on its conservation. This 
species is intrinsically associated with the old-growth forest growing 
along the coastal mountain range (Alún, 2013; Christoffersen, 2008; 
Ringuelet, 1985). Described as a rare species that uses both terrestrial 
habitats and streams within the forest (Alún, 2013; Christoffersen, 2008; 
Philippi, 1872; Ringuelet, 1985), it could be considered a potential bio- 
indicator of ecosystem health in temperate forests. 

The high dependence of A. valdiviana on the native forest, in addition 
to its low dispersal capacity, could make it particularly sensitive to 
habitat loss and fragmentation, as found for similar local invertebrates 
(Barahona-Segovia, 2019). The estimation of these effects of habitat 
variables at a local scale and habitat loss and fragmentation at a 
biogeographical scale have not yet been explored; however, the 
response of this species could be considered representative to the rest of 
leech community of the biome. Therefore, assessing the abundance and 
distribution patterns of the A. valdiviana may allow for the assessment of 
its conservation status by addressing the criteria of the International 
Union for Conservation Nature (IUCN) Red List. At the same time, it 
could inform appropriate conservation measures and priority areas for 
this species. 

In this study, we aim to i) Estimate the effect of habitat variables on 
the relative abundance of A. valdiviana at local scale, ii) Determine the 
geographical distribution of the species and the effect of environmental 
variables on its habitat suitability at a biogeographical scale, iii) Analyze 
the habitat loss and fragmentation of the A. valdiviana between 2000 and 
2018, and iv) Assess its conservation status based on the IUCN Red List 
criteria. 

2. Materials and methods 

2.1. Study area 

The native forests of the coastal range are distributed from approx-
imately 35◦ to 46◦ S (Smith-Ramírez, 2004; Fig. 2). During the events of 
the last glaciation, they became important refuges for biodiversity 
before the environmental and geographical changes of the territory 
produced by the progress of periglacial ice (Villagrán and Hinojosa, 
1997), which modulated the distribution patterns of the fauna related to 
coastal forests (Smith-Ramírez et al., 2007). In addition, these circum-
stances lead to a high level of endemism of the biota associated with this 

type of forest (Barahona-Segovia, 2019; Smith-Ramírez et al., 2019; 
Valdovinos et al., 2005; Villagrán and Hinojosa, 1997). From 35◦ to 40◦

S, the coastal forest was left without glacial cover, with the influence of 
the ocean moderating the environmental temperatures (Villagrán and 
Hinojosa, 1997). Currently, this influence is maintained, generating an 
average rainfall of up to 2000 mm per year (Smith-Ramírez et al., 2007) 
and generating different types of vegetation cover according to Luebert 
and Pliscoff (2017). According to Smith-Ramírez (2004), four types of 
vegetative formations of coastal forests are recognized: The Maulino 
forest, the Nahuelbuta forest, the Valdivian evergreen forest, and the 
Chiloé evergreen forest. In this study we focus mainly on the Valdivian 
evergreen forest. 

2.2. Local scale analysis 

To capture information that could be relevant to determine the 
abundance and distribution of the A. valdiviana, we compiled data using 
mainly opportunistic citizen science records from social media such as 
Facebook, Instagram, Twitter, and Flickr between 2016 and 2020 
(Table S1). The use of social media used as citizen science projects has 
multiplied over the last decade, characterized by the information that a 
variety of volunteers provide to these groups, whose datasets are later 
processed to learn biological patterns of wide-range invertebrate species 
(see examples in Jarić et al., 2020; Montalva et al., 2017; Pagel et al. 
2014), in addition to being used to classify species into some conser-
vation category (Maes et al., 2015). Other occurrences were obtained 
from personal observations, collections, or biodiversity repositories, 
such as iNaturalist or GBIF. We used the search engine of each social 
network using the keywords: “Americobdella valdiviana” AND “liguay” 
(common name for Chile) OR “Chile” OR “Sanguijuela gigante” (com-
mon name in Spanish) OR “Sanguijuela gigante valdiviana” (common 
name in Spanish). The search within each social network was conducted 
separately and by keyword combinations using similar times (30 min per 
day, one day in the week, twice each month). This systematized search 
prevents from spatial and temporal bias generated by the same 
photographer, specific natural sites, or touristic destinations. Bias in the 
frequency reported by volunteers can be corrected using the rarity of 
giant leech according to Ringuelet (1985) and Sket and Trontejl (2007) 
and sampling efforts carried out by the first author. 

Each photographical occurrence received was reviewed by an expert 
to ensure the correct taxonomic identification, using the morphological 
description as corroboration process by Juan Francisco Araya 

Fig. 2. Effect of the forest coverage on the absolute abundance of Amer-
icobdella valdiviana. The red line represents the significant central tendency 
and pink shadows is the confidence limit (+2.5–+97.5). (For interpretation of 
the references to color in this figure legend, the reader is referred to the web 
version of this article.) 

R.M. Barahona-Segovia et al.                                                                                                                                                                                                                



Forest Ecology and Management 497 (2021) 119519

4

(invertebrate taxonomist). For the data to be certain and comparable to 
each other, we provided a standardized method of observation for citi-
zen scientists, which consisted of a transect between 150 and200 m. We 
analyzed only the records that applied the requested observation 
methodology, and citizen scientists were asked the following: (A) basic 
data of collection or observation of A. valdiviana (specific location with 
geographical coordinates; date of photography, collection, or observa-
tion; and collector/photographer); (B) relative abundance (number of 
observed individuals); and (C) habitat variables that could account for 
habitat use. In this last section, four questions were asked (Table 1): (1) 
In what macrohabitat (land cover) type did you register A. valdiviana? 
(2) In what microhabitat (substratum) type did you register 
A. valdiviana? (3) What was the weather when it was recorded? and (4) 
What percentage of forest cover/vegetation was in the recorded area 
(approximately around 10 m)? Each question presented different levels 
(Table 1) that were subsequently used to discretize the responses and 
analyze the data. The registration vouchers captured by the different 
citizen scientists are presented in Table S2 and are available in public 
mode on the different social media for your review. 

The effects of habitat variables recorded from citizen science on 
A. valdiviana relative abundance were evaluated using a generalized 
linear model (GLM) with Poisson distribution and exponential loglink 
function, implemented with the stats package of R 3.4.1 (R Development 
Core Team, 2020). We checked for overdispersion using the dis-
persiontest function available in the AER R package, while we assessed 
collinearity via pairwise Pearson correlation index, evidencing that the 
variables were less than |0.7|. Pearson was applied after evidence of 
normal distribution of data, determined by Q-Q plot analysis. We used 
the MuMIn R package to compare among candidate models, each with a 
different combination of predictors. Candidate models were ranked 
using the corrected Akaike Information Criterion (AICc; Burnham and 
Anderson, 2002). For each model, we estimated the weight of evidence 
in favor of a best model (AICc weight) and its difference in AICc with the 
best models (ΔAICc) (Burnham and Anderson, 2002; Martensen et al., 
2008). The best supported models were selected considering a delta 
AICc of <2. 

2.3. Biogeographical scale analysis 

We used species distribution modelling (SDM) to estimate the 
geographic distribution and habitat of the species. The SDM was based 
on a maximum entropy technique deployed in MaxEnt software (v. 
3.4.4), which combines a dataset of environmental predictor variables 
with occurrences of the species to estimate the environmental suitability 
for the species. 

2.3.1. Input data 
First, we compiled an occurrences dataset, which was collected 

mainly from opportunistic citizen science records and personal obser-
vations (n = 44), with a few records from literature (n = 8), reaching a 
total of 52 records (Table S1). Then, we compiled series of environ-
mental variables using previously published studies and remote sensing 

products. We generated variables associated with bioclimatic condi-
tions, site or habitat, vegetation characteristics, and human influence. 
Bioclimatic variables were obtained from the WorldClim 2 project, 
composed of 19 bioclimatic layers plus solar radiation, wind speed, and 
water vapor pressure (Fick and Hijmans, 2017). Site or habitat variables 
included elevation, slope, aspect, topographic diversity index, and soil 
organic carbon at 0–30 cm and 30–100 cm depths, which were gener-
ated using active radar sensors products processed in the Google Earth 
Engine platform (GEE; Gorelick et al., 2017) or obtained from previous 
studies (Theobald et al., 2015; Hengl et al., 2017). Vegetation variables 
were generated from satellite products derived from MODIS and 
Sentinel 2 sensors, which included Evenness Vegetation Index (EVI), 
Normalized Difference Water Index (NDWI), Net Primary Production 
(NPP), Vegetation Continuous Fields (VCF), and Plant Senescence 
Reflectance Index (PSRI). Human influence variables were composed by 
Burned Area Index (BAI) from the MODIS sensor and human footprint 
(Venter et al., 2018). The initial full predictor dataset was composed of 
32 environmental variables (Table S2) at a spatial resolution of 250 m 
per pixel. As the WorldClim 2 dataset and NPP variables have native 
resolutions of 1000 m and 500 m, respectively, we applied a bilinear 
resample to downscale the pixels to 250 m. The background or spatial 
extent of variables has been proved to reach good results on SDM from 
modeling species from the South American Temperate Rainforest (Car-
vajal et al., 2018; Alaniz et al., 2018). 

2.3.2. Modelling procedure 
We generated an exploratory model using MaxEnt and considered 

the full set of predictor variables and the occurrences (Phillips et al. 
2017). This exploratory model considered 10-fold-bootstrap replicates, 
calculating the percentage contribution (PC) and permutation impor-
tance (PI) of each variable in relation to the species. Then, to reduce the 
potential collinearity of variables, we calculated the Spearman corre-
lation index (rho) between each pair of variables, maintaining the var-
iables with the highest PC and with a correlation index lower than |0.7|. 
As results, the variable predictor set was reduced to 8 selected variables, 
including primary productivity (NPP), temperature seasonality (bio4), 
vegetation continuous fields (VCF), precipitation of driest quarter 
(bio17), precipitation of driest month (bio14), slope, precipitation of 
coldest quarter (bio19), and aspect (Table S3). This variable set reached 
86.4% and 97.1% of the percent contribution and permutation impor-
tance in the initial model, respectively. Finally, we generated an SDM 
including only the selected variables from the previous step and 
considering 10-fold-bootstrap replicates in MaxEnt, using the median 
value of all the replicates as ensembled suitability prediction of the 
species. To test the accuracy of the model prediction, we calculated two 
metrics: A) the area under (AUC) of the receiver operating characteristic 
(ROC), which compares the sensitivity with regard to the rate of false 
positives in the model, and B) the Boyce index, which compares the 
habitat suitability with the predicted/expected ratio and has been 
considered a good indicator of accuracy for presence only models (eco-
spat package; Hirzel et al. 2006). 

2.4. Habitat loss and fragmentation 

As A. valdiviana is considered a forest specialist species that lives 
mainly in old-growth native forests, we included this type of land cover 
to estimate the area. First, we selected the suitability values higher than 
the 10th percentile of the training presence Cloglog from final SDM as 
threshold, considering this as a significant suitability for the species, and 
generated a binary SDM (presence-absence). Then, we used Hansen et al. 
(2013) to estimate the areas of forest in the years 2000 to 2018 (Carvajal 
et al., 2018). However, as this product cannot distinguish between 
exotic forest plantation and native forest, we used the land cover maps 
from Zhao et al. (2016) and the National Cadaster of Native Forest 
(CONAF-CONAMA-BIRF, 1999; 2013) to subtract these types of land 
covers. We clipped the binary SDM using the area of native forest for the 

Table 1 
Environmental variables used to describe habitat and model abundance of 
Americobdella valdiviana.  

Macro-habitat Micro-habitat Day type 
(weather) 

Forest 
cover 

1. Primary native forest 1. Leaf litter 1. Sunny 1. 100% 
2. Secondary native 

forest 
2. Pine needles 2. Semi-cloudy 2. 75% 

3. Mixture (exotic and 
native) 

3. Eucalyptus leaf 
litter 

3. Cloudy 3. 50% 

4. Exotic plantation 4. Dead wood 4. Rainy 4. 25% 
5. Cropland 5. Streams  5. 0%  

6. Other    
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years 2000 and 2018, estimating the habitat for the species in these 
years. 

We divided the habitat range into three zones, considering the same 
size for each one. Then, we quantified the following structural patch 
metrics using FRAGSTAT 4.2 software: total area (AREA), mean shape 
index (MSI), edge density (ED), number of patches (NP), and mean patch 
size (MPS). These metrics were calculated for both years, 2000 and 
2018, estimating the change between them to analyze loss and 
fragmentation. 

2.5. Conservation status 

The conservation status was evaluated for all IUCN Red List criteria 
(IUCN, 2012), focusing in the distribution B criterion. The distribution 
criterion B was evaluated using the minimum convex polygon method, 
using criteria B1 and B2 by calculating the Extension of Occurrence 
(EOO), which is estimated as all the occurrences inside a polygon with 
internal angles not greater than 180 generated in a Geographic Infor-
mation System (IUCN, 2012). On the other hand, we evaluated the Area 
of Occupancy (AOO) which is the sum of all 2 × 2 km grid cells ac-
cording to IUCN definitions (IUCN, 2012). The analysis was carried out 
through the ConR R package in R 3.4.1 software (Dauby et al., 2017; R 
Development Core Team, 2020). For conservation status analysis, re-
cords close to each other at distances of <30 km were considered the 
same location, which is a different criterion than the one used for SDM 
autocorrelation process, and is proposed by Rivers et al. (2010) to 
determine sub-populations (IUCN, 2012). This distance is used to esti-
mate sub-population by considering unique occurrence buffers of 30 km 
radius and overlapping circles which are merged as a single subpopu-
lation, while nonoverlapping circles are considered another sub- 
population (Rivers et al., 2010). Finally, the conservation status was 
determined from:  

• B1: EOO values (Critically endangered [CR] < 100 km2; Endangered 
[EN] < 5000 km2 and Vulnerable [VU] < 20,000 km2).  

• B2: AOO values (CR < 10 km2; EN < 500 km2 and VU < 2000 km2). 

In addition, to reach the status for B1 and B2, two of the following 
three criteria are needed: (a) severely fragmented or few localities (CR 
= 1; EN ≤ 5 and VU ≤ 10), b) continuous decreasing, or (c) extreme 
fluctuations. 

3. Results 

3.1. Local scale 

Only 44 opportunistic citizen science and active search records were 
assessed under the questions to know micro- and macro- habitat char-
acteristics of the A. valdiviana leech (Table S1). Twenty-four, 55.54% (n 
= 24), were found in primary and secondary forests. Another 15.90% of 
the records (n = 7) were also found in secondary and mixed forest 
(native forest and exotic pine plantations) each. Regarding the micro-
habitat, 63.63% of records (n = 28) were found moving in the leaf-litter; 
27.27% (n = 12) was recorded on water or riverine vegetation and 
11.36% (n = 5) were found under or inside dead logs. Most of the new 
records were registered on sunny (61.36%, n = 27), cloudy (25%, n =
11), and rainy days (4.54%, n = 2). Individuals were registered mainly 
under great canopy coverage (100% and 75%) with 50% (n = 22) and 
27.27% (n = 12), respectively. Only 18.18% (n = 8) were registered 
using canopy coverage at 50%. Also, only two records were found using 
habitat (i. e., rivers) without canopy coverage (n = 6 individuals). 
Abundance was significantly affected by forest cover, as shown by the 
best supported GLM (Table 2). The abundance of A. valdiviana increased 
exponentially with forest cover (see Tables 2 and 3; Fig. 2). 

3.2. Biogeographical scale 

The final SDM reached an AUC of 0.996 ± 0.001 and a Boyce index of 
0.912, which corresponds to a good fit of the prediction, with NPP as the 
most important, Temperature seasonality (BIO4), and VCF with 48.4%, 
13.4% and 12.7%, respectively. The suitability is higher at low values of 
NPP decreasing from 1.25 kg C/m2 to 2.5 kg C/m2 (Fig. S2). The suit-
ability presents a peak at 2.5 standard deviation of seasonality, while it 
increases with canopy closure, reaching a peak at 75% (Fig. S3). The 
species present a disjoint distribution from 37◦S to 42◦S mainly in the 
coastal range of the Valdivian evergreen forest. The northern zone of its 
distribution has lower suitability than that presenting the highest values 
in the coastal zone from 39.5◦S to 40.5◦S (Fig. 3). 

3.3. Habitat loss and fragmentation 

The estimated habitat area of A. valdiviana was 3,657.3 km2 and 
3,394.9 km2 in 2000 and 2018, respectively, representing a total loss of 
7.2% of its documented distribution (Fig. 4). The landscape metrics 
calculated for each zone of the species distributions shows that in the 
northern zone there is an increase of MSI, ED and NP in 4.6%, 30.7% and 
58.6%, respectively, while there is a decrease of MPS and area in 47.9% 
and 17.3%, respectively. In the central zone, we identified an increase of 
MSI, ED and NP of 6%, 16.3%, and 56.2%, respectively, while there was 
a decrease in MPS and area of 40.5% and 7.1%, respectively. In the 
southern zone, there is an increase of MSI, ED and NP in 4.5%, 5.7%, and 
16.3%, respectively, while we identified a decrease of MPS and area of 
14.4% and 0.4%, respectively (Table 4). 

3.4. Conservation status 

Currently, A. valdiviana is distributed in six localities from north to 
south: (1) Penco; (2) The Nahuelbuta mountain range; (3) Mehuín; (4) 
the Forests of Valdivia and Corral; (5) the Coastal Forests to South 
Valdivia; and (6) Ancud. The population sizes of this giant leech were 
not quantified. However, in 82.35% of the records, the count was equal 
to a single individual. Habitat quality is decreasing due to habitat loss 
and fragmentation (Table 4); there is a high probability of wildfires 
occurrence due to extreme climatic events that could affect to many 
subpopulations because to low vagility of A. valdiviana. Criterion B 
evaluated by using ConR package showed that the EOO were 16,558 km2 

(without sea) or 11,413 km2 (alpha-hull method), and AOO was 168 
km2, proposing only four subpopulations; therefore, this species can be 
considered to be within the Endangered (EN) category using criteria B1 
and B2. Native forest remnants in at least five of the six locations (except 
coastal forest of south Valdivia) are fragmented. Therefore, considering 
this background, it is believed that A. valdiviana should be considered a 
EN species under criterion B (EN B1ab [iii] + 2ab [iii]). 

4. Discussion 

4.1. Assumptions and potentialities 

Our approach was useful to analyze the current state of A. valdiviana 

Table 2 
Best ranked models predicting the abundance of Americobdella valdiviana in the 
Valdivian evergreen forest. Generalized linear models are ordered by AICc, 
including the number of parameters (K), AICc, ΔAICc, AICc, and weights (W).  

Model* K LogLik AICc ΔAICc W 

cover 2 − 56.32 116.89 0.00 0.362 
cover + macro 3 − 55.53 117.60 0.71 0.249 
cover + macro + (cover*macro) 4 − 54.48 117.88 0.99 0.216 
macro 1 − 58.08 118.26 1.36 0.179 

*Predictors: cover = forest cover (%); macro = macro-habitat composition. 
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populations at local and biogeographical scales, contributing with new 
insight for its conservation. However, a series of assumptions need to be 
discussed to ensure the correct interpretation of our results and repro-
ducibility of the analysis. Usually, the quality of modeling would be 
affected by the distribution of occurrences that influence the generation 
bias in the model associated with sampling effort (Phillips, 2009). Here, 
we proposed that citizen science could contribute to expand the 

Table 3 
Effects of habitat variables on the abundance of Americobdella valdiviana. Model-averaged coefficients from the best supported generalized linear models (Table 2) are 
shown with their standard errors, p-values (*p < 0.05) and importance values.  

Variables* Estimate Std. Error Adjusted SE z-value p-value Importance 

Cover 0.290 0.139 0.143 2.033 0.042* 0.821 
Macro-habitat − 0.147 0.183 0.188 0.783 0.434 0.466 
Cover*macro-habitat − 0.205 0.148 0.152 1.353 0.176 0.216 

*cover = forest cover (%); macro-habitat = macrohabitat composition. 

Fig. 3. Current potential distribution of Americobdella valdiviana in the Valdi-
vian evergreen forest. The level of environmental suitability appears as a color 
gradation from 0 (lower suitability, black) to 1 (higher suitability, red). (For 
interpretation of the references to color in this figure legend, the reader is 
referred to the web version of this article.) 

Fig. 4. Extant habitat for Americobdella valdiviana in the Valdivian Evergreen 
Forest. Habitat loss between 2000 and 2014 is represented in red. On the far 
right, the different zones of analysis are specified. (For interpretation of the 
references to color in this figure legend, the reader is referred to the web 
version of this article.) 
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sampling effort in conspicuous macroinvertebrates species, by allowing 
to focus future sampling effort on zones where we determined high 
suitability for this species (Pusceddu et al., 2019). In fact, citizen science 
provides advantages for monitoring native and invasive species, allow-
ing to generate new knowledge about distribution shift (range 
contraction or expansion), thermal preferences, biological interaction, 
habitat use, among other (Grez et al. 2016; Mikula et al. 2018; 
Barahona-Segovia et al. 2021; Barahona-Segovia and Barcelo, 2021). 
However, this methodology could have certain limitations, which are 
associated with A) potential taxonomical biases, because usually this 
type of programs could be applied only in conspicuous and easily 
identifiable species (Fontaine et al. 2021); B) reliability of records, 
which is derived of the need for exhaustive revision of the collected 
records by experts, aiming to ensure the correspondence with the target 
species (Aceves-Bueno et al. 2017); and C) spatial biases, which is 
derived of the oversampling in zones that are frequently visited by 
people (Geldmann et al. 2016). Here, as our species is considered scarce, 
the number of records was limited in comparison with other species 
identified through citizen science, which are much more common such 
as Harmonia axyridis (Grez et al. 2016). However, our model should 
provide guidance on future sampling efforts which could be comple-
mentary to citizen science records. 

Another important factor is linked with the environmental variables 
that influence the final prediction of the model (Pearson and Dawson, 
2003). We recommend considering the ecological requirements docu-
mented by previous studies for the target species, as well as the scale of 
analysis that is needed to model (Alaniz et al., 2020). Studies have 
documented that bioclimatic variable are important at regional scales; 
however, other variables such as primary productivity, canopy cover, 
and vegetation indices are important at finer scales (He et al., 2015). 
Here, we combined the widely used bioclimatic variables with remote 
sensing-based variables, aiming to characterize the forest properties that 
have been documented as important for A. valdiviana. On the other 
hand, we demonstrated that SDM could be combined with landscape 
metrics, allowing to sharpen SDM prediction by considering the specific 
ecological requirement of the species, which has been also proven by 
previous studies in flies and birds (Alaniz et al., 2018; Carvajal et al., 
2018). This approach allows to analyze the dynamic of patches that has 
high suitability levels and are prone to support viable populations of the 
target species; however, we recommend to develop filed studies that 
confirm the real effects of forest loss and fragmentation in the target 
species. 

4.2. Insights for conservation 

Our results show that citizen science was an effective tool to record 
A. valdiviana and fill its gaps in distribution (Cardoso et al., 2011a; 
Troudet et al., 2017), increasing the records from a few specimens near 
locality type to 44 records From Nahuelbuta to Chiloé. We also increased 
the total distribution area of the giant leech by over eight times and 
confirmed that it is endemic of coastal forests and is a forest specialist. 
We also found that this species occurs in a zone which is widely colo-
nized by mixed forest with pine plantations (although not significantly) 
since the 1970s (Echeverría et al., 2006; Miranda et al., 2017). The forest 
canopy cover (i. e., 100–75%; Fig. 2) was the most important variable 
explaining the abundance of A. valdiviana on the local scale, which co-
incides with the values of NPP and VCF in the SDM analyses at the 
biogeographical scale. These results also confirm that the giant leech 
species is more frequent in old growth forests, which has intermediate to 
low NPP values and dense canopy covers (Perez-Quezada et al., 2018). 
However, we recommend exploring the contribution of other variables, 
such as structural complexity of forest or presence of prey, which could 
be also closely related to the abundance of leeches (Mann, 1962; 
Koperski, 2010; Kubová et al., 2013; Jabłońska-Barna et al., 2017; Miler 
et al., 2019). Additionally, another interesting issue is related with color 
variability, which could be associated with the environmental vari-
ability across the distribution of this species or with genetic divergence 
(Borda and Sidall, 2004; Alún, 2013, Tessler et al., 2018). In this sense, 
this should be tested by combining the genetic analysis of individuals 
with the environmental characteristics across its distribution range. 

We found that in the north and central areas of the distribution of 
A. valdiviana there has been intensive habitat loss and fragmentation 
associated with an increase of MSI, ED, and NP between 2000 and 2018, 
while MPS and area decreased, which has also been documented by 
several previous studies (Cisterna et al., 1999; Aguayo et al., 2009; Díaz 
et al., 2010; Peña-Cortés et al., 2011; Lara et al., 2012; Miranda et al., 
2017). Usually, the increased edge effect induces a temperature increase 
and a decrease of forest humidity, affecting this type of organisms, 
which depend on these environmental characteristics for their ecolog-
ical and physiological traits (Barahona-Segovia et al., 2019). On the 
other hand, the decrease of the mean patch size reduces the carrying 
capacity of the habitat to maintain a viable population of organisms, 
affecting the survival probability of the species, and inducing local ex-
tinctions (Carvajal et al., 2018). Previous studies have identified that old 
growth forest has been replaced mainly by exotic forest plantations, 
grasslands for livestock, croplands, and urbanization, specifically in 
Valdivia and the surrounding areas (Echeverría et al., 2012; Lara et al., 
2012). In fact, the probability of finding A. valdiviana following the SDM 
analysis, for example, in the Biobío, the Araucanía, or the Ancud natural 
areas is lower than in the central or southern areas due to intensive 
deforestation in the 90s that is now present in these localities (Cisterna 
et al., 1999; Aguayo et al., 2009; Díaz et al., 2010; Peña-Cortés et al., 
2011; Echeverría et al., 2012; Lara et al., 2012; Nahuelhual et al., 2014; 
Miranda et al., 2017). The strong habitat loss and fragmentation expe-
rienced by this forest type in the north and center zone of the 
A. valdiviana distribution supports the idea of the vulnerability of this 
leech species due to human activities. 

Based on our habitat loss and fragmentation results, when we applied 
the IUCN Red List criteria, A. valdiviana turned out to be an endangered 
species, and therefore we believe that all subpopulations of this leech 
species are pressured by anthropogenic activities. Previous experience 
in leech UICN assessment shows that the main reason for the decline of 
these invertebrates is habitat loss, which also impacts their hosts 
(Utevsky et al., 2010; Kutschera and Elliott, 2014). For example, Hirudo 
medicinalis (Linnaeus, 1758; Clitellata: Hirudinidae) is considered a 
common freshwater species in Europe with high EOO but due to habitat 
loss of lagoons and rivers, this species is currently near the threatened 
status under UICN B criterion (Utevsky et al., 2010). Other Chilean in-
vertebrates with high EOO show similar trends, such as Aneriophora 

Table 4 
Landscape metrics for the habitat of Americobdella valdiviana in 2000 and 2014. 
The calculated metrics correspond to mean shape index (MSI), edge density 
(ED), mean patch size (MPS), number of patches (NP), and habitat area in 
hectares (Area).  

Zone Metric 2000 2018 Change 

North MSI 1.36 1.43 4.6% 
ED 108.46 141.80 30.7% 
MPS 16.73 8.72 − 47.9% 
NP 4166 6606 58.6% 
Area 69,695 57,619 − 17.3% 

Center MSI 1.33 1.41 6.0% 
ED 60.92 70.82 16.3% 
MPS 43.25 25.72 − 40.5% 
NP 4470 6982 56.2% 
Area 193,337 179,626 − 7.1% 

South MSI 1.41 1.47 4.5% 
ED 24.76 28.65 15.7% 
MPS 390.48 334.13 − 14.4% 
NP 263 306 16.3% 
Area 102,696 102,244 − 0.4%  
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aureorufa (Alaniz et al., 2018). To provide a more reliable evaluation, 
Cardoso et al. (2011b) proposed that the AOO criterion should be 
considered as an alternate of population decrease based on the difficulty 
to sample the abundance of any invertebrate. Thus, if we consider this 
alternative, the population trend of A. valdiviana would be decreasing 
due to habitat loss of old forest. Our work presents information neces-
sary to classify this leech as a EN species, allowing decision makers to 
apply the necessary restrictions through environmental institutional 
mechanisms for any future investment projects which may alter their 
habitat, as proposed by Cardoso et al. (2011a). In the light of our results, 
we propose the protection of the remaining old forest patches in all 
distributions of the Valdivian Forest because their presence determines 
the abundance of A. valdiviana, as well as other invertebrate forest 
specialists, like A. aureorufa and even vertebrates such as the tapaculos, 
Scelorchilus rubecula (Carvajal et al., 2018; Alaniz et al., 2018). 

4.3. Concluding remarks 

In conclusion, our study shows that the abundance of A. valdiviana is 
closely related to the presence of old-growth forest patches, and its 
current vulnerability is the result of the historic habitat loss and frag-
mentation of the Valdivian evergreen forest. This study shows the 
importance of citizen science in disentangling the current knowledge of 
invertebrate fauna, presenting an approach that combines analyses at 
local and biogeographical scales that could be applied in other similar 
species. This study reinforces the possibility to use social media as an 
important source of data for rare and conspicuous invertebrate species, 
and these results may be used directly in national conservation policies. 
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Universidad Católica de Temuco. 2013. Catastro y evaluación de los recursos 
vegetacionales nativos de Chile. Informe nacional con variables ambientales. 
Santiago, Chile. 
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