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Assessment and Perceptions of the 
Environmental Quality of the Urban 
and Suburban Wetlands of Leticia 
(Amazonas, Colombia)
María J. Arias-B 1, Jhon Ch. Donato- Rondón 2 and San-
tiago R. Duque 3*

INTRODUCTION
The Amazon River Basin, the most extensive and main 
hotspot of diversity on the planet (Bertzky et al. 2013), 
hosts the largest terrestrial biodiversity of plants and 
animals. However, it is not only relevant for its ecological 
attributes, but also in social and cultural dynamics and, in 
particular, as a reference in the various responses to global 
change (Betts et al. 2008; Vargas et al. 2019). This had 
led several countries (including Colombia) to consider the 
Amazon Basin as a subject of law, in which the State is 
primarily responsible for its conservation and protection 
(Macías 2018; Trujillo 2013). On the other hand, the 
Amazon region exhibits all the ecological characteristics 
associated with global aquatic species (Albert et al. 2011). 
For example, phylogenetic and biogeographic patterns, 
in the case of Neotropical freshwater fishes, suggest that 
in this region most speciation occurred along geographic 
rather than ecological events (Albert and Crampton 2010). 
Likewise, based on vegetation types in the Colombian 
Amazon Basin, there is a high ecosystem richness (Rudas 
2009). In the case of aquatic ecosystems, the region 
registers 16 out of the 89 types of wetlands (Ricaurte et 
al. 2019). It is worth emphasizing that Amazonian aquatic 
ecosystems have an evolutionary history that exceeds 23 
million years (Hoorn et al. 2010). In recent times, since 
the arrival of the first humans some 12,000 years ago 
(Morcote et al. 2017), life and culture have been closely 
linked to these ecosystems (Santos et al. 2013). 

Wetlands, due to their geological, biogeographical, 
and ecological history (McInnes 2011; Horwitz and 
Finlayson 2011) are one of the most productive and 
diverse ecosystems in the world (Gopal and Junk 2000). 
This biological diversity and the ecosystem services 
they provide are used for diverse economic activities, 

such as fishing or aquaculture production, as well as to 
cover basic needs of hygiene and food (Carrillo et al. 
2011; Duque et al. 2018). Consequently, wetlands are 
important for territorial planning, especially as a figure of 
environmental determinants, a norm of superior hierarchy 
and of mandatory compliance in land use plans (Jara 
2017).  (Note: This norm is stipulated specifically for the 
municipality of Leticia [Corpoamazonia 2014] which is the 
subject area for this article.) 

The wetlands of the Amazon in general and particularly 
in Leticia, have been significantly transformed by factors, 
such as pollution, deforestation of their watersheds and ri-
parian vegetation, sedimentation and habitat transformation 
(Duque 1993; Herrera et al. 2008; Senhadji et al. 2017). Ac-
cording to regional environmental history, the municipality 
of Leticia (Amazonas, Colombia) was located in a complex 
network of wetlands (Hoorn et al. 2010), which due to 
population growth were disappearing and then used for ur-
ban development (Vergel 2008).  It is therefore important to 
consider human populations in the environmental, cultural, 
and social context. Knowing people’s perception of the en-
vironment helps us understand the environment and human 
relationships (Calixto and Herrera 2010), as well as social 
participation in environmental issues (Sureda et al. 2009).  
Furthermore, it is essential that people understand the at-
tributes of the most diverse biome in the world such as the 
Amazon forest and its associated ecosystems, in order to 
initiate or help support actions that lead to the conservation 
of its megadiversity (Ribas and Aleixo 2019). 

The objective of our study was to address the envi-
ronmental characteristics of wetlands in the urban and 
suburban area of Leticia and provide insight into their use 
and current environmental problems. It is hoped that this 
information will contribute to strengthening territorial and 
environmental planning strategies and unleash actions to 
strengthen citizen participation and regional environmental 
education.

STUDY AREA
The study area of the characterized wetlands in the field 
and those consulted in Carrillo et al. (2011) is located 
between 4°1’0” S to 4°14’0” S and 70°1’0” W to 69°53’0” 
W, in the jurisdiction of the municipality of Leticia (Ama-
zonas, Colombia, Figure 1). The study area of Carrillo et al. 
(2011) covers three micro-watersheds: Yahuarcaca, Tacana 
and Pichuna, while our investigation also included work in 
urban streams (or what are known locally as “caños”) and 
wetlands associated with them, such as the Calderón, Uru-
mutú and Simón Bolívar streams that drain into the Tacana. 

According to the Caldas-Lang classification, the cli-
mate is warm-humid (Rangel and Luengas 1997). The aver-
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age annual precipitation is 3400 mm, with a monomodal 
rainfall regime, where the highest rainfall occurs between 
November and May, and the lowest between June and 
October. The latter is not considered a dry season since the 
month with the least rainfall exceeds 100 mm (Galvis et al. 
2006). The average annual temperature is 25.8°C (IDEAM 
2012). The warmest months of the year occur from October 
to November and between February and March, when the 
average temperature rises to 28°C. Minimum temperatures 
occur in June, July, and August, with values close to 24°C 
(Carrillo et al. 2011), coinciding with the arú or friaje 
season, which refers to the arrival of a cold wind that blows 
through the entire eastern plain of South America from 
Antarctica (Duque 1993; Caraballo et al. 2014).

The wetlands in the region have a seasonal hydrologi-
cal behavior because their waters can vary between 10 
and 12 m deep (Torres et al. 2013). In the case of the river 
and lagoon systems associated with the Amazon River and 
the Yahuarcaca stream, there are four periods: high water 
between April and May, falling water between June and 
August, low water mainly in September and rising water 
until March (Salcedo et al. 2012; Torres et al. 2013). 

The study area includes two well-defined morphologi-
cal units. The first corresponds to the Leticia-Tabatinga 
terrace and the other to the river floodplain, where the oscil-
lation in the water level of the Amazon River reaches 12 m 
vertically and causes a horizontal expansion of the water 
sheet with its suspended load close to 10 km (Jaramillo et 
al. 2013). This behavior creates unique ecological and hy-
drological conditions in the wetlands of Leticia (Jaramillo 
et al. 2013; Arbeláez et al. 2008).

In the southern region of the Colombian Amazon, 
seven main classes of natural vegetation cover are recog-
nized: high forests (canopy above 25 m), medium forests 
(canopy between 10-25 m), low forests (canopy < 10 m), 
alluvial forests, shrublands, grasslands (dominated by 
non-graminoid herbaceous vegetation) and high savannas 
(dominated by graminoid herbaceous vegetation) (Rudas 
2007). However, in the case of the municipality of Leti-
cia, given the modifications of anthropic origin, that it has 
suffered especially in the urban area, only a few patches of 
vegetation remain, such as the site of the old zoo and bo-
tanical garden, the forest of the Yahuarcaca stream and its 
lakes, and the forest of the National University of Colombia 

Figure 1. Map showing location of urban and suburban wetlands studied. 
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Amazon Headquarters (van Vliet and Duque 2019).

METHODS

Field Stage
Wetlands were sampled between May and June of 2021, 
which corresponds to the period when rainfall begins to de-
crease and, therefore, coincides with the transition between 
high water and falling water. Twenty-six wetlands were 
studied with 46 samples taken for field physicochemical 
parameters (littoral zone and open water) such as dissolved 
oxygen (DO), % oxygen saturation, total dissolved solids 
(TDS), pH (H+), temperature (°C) and depth (m) with a 
HANNA HI 98194 Multiparameter probe (Table 1). The 
selection of wetlands sites was made according to the ease 
of sampling and granted access. 

Data from Carrillo et al. (2011) were used for the 
characterization of water quality and were collected in the 
framework of the inter-administrative agreement between 
the Government of Amazonas and Corpoamazonia. Only 
the variables collected in the field by the project team were 
used, and specifically those corresponding to wetlands. 
In this case, 23 pieces of data from different points on the 
urban and suburban area of the municipality of Leticia were 
included.

A 1:100.000 scale map of the wetlands characterized in 
the field and those from the work of Carrillo et al. (2011) 
was produced using ArcGIS software version 10.4 and 
Google Earth Pro (Figure 1).

Laboratory Stage
An analysis of the physicochemical variables of the water 
was performed with R Studio software using the Principal 
Component Analysis (PCA) method, which allowed the 
dimensionality (variables) to be reduced to a smaller num-
ber of transformed variables (principal components) that 
explain the variability of the data (Bro and Smilde 2014). 
Each principal component would be a linear combination of 
the original variables and would also be independent or un-
correlated with each other (Bro and Smilde 2014). Initially, 
the data were arranged in a matrix and then transformed 
with log (x+1). We then proceeded to run the analysis us-
ing the PCA function of the aforementioned program. The 
total dissolved solids (TDS) variable was discarded since it 
produced a high collinearity with conductivity.

Perception Surveys
In order to know the perception that the inhabitants of Leti-
cia have about wetlands and their environmental problems, 
a synchronous survey was carried out through personal 
interviews of 100 people or by electronic means of people 
in government institutions, universities and high schools. 

These surveys asked about the definition that each inhabit-
ant had of what a wetland was, the type of problems and 
economic activities with the greatest impact on wetlands in 
Leticia, as well as the benefits they obtained from wetlands 
and what actions are being taken for their conservation. 
Perception surveys of the inhabitants of each wetland were 
conducted during the field campaigns.

To process the responses from the perception surveys, 
the coding method was used, which consists of reducing the 
variability of responses to a few types of answers that can 
be tabulated and analyzed (Rincón 2014). The categories 
of responses were established beforehand by making a list 
of these comments and their frequency according to words 
or phrases with the same meaning, and each grouping was 
assigned a code that allows its tabulation and subsequent 
quantitative analysis. For this purpose, a code was designed 
in Google Colaboratory that uses Python 3 as programming 
language, with which it was possible to count the frequency 
of words and categorize them according to the researcher’s 
criteria and the objectives of this study (Popping 2015).

After coding the responses, a Vester Matrix was made 
to allow for the identification of the causes and effects of 
environmental problems (Bermúdez and Gómez 2001). 
This consists of a double-entry format where the identified 
problems are located, the level of causality between them 
is established, that is, the relationship of a problem with the 
others (Bermúdez and Gómez 2001) and allows the qualifi-
cation of the attributes in the following way:

Not a cause 0
Indirect cause 1
Very direct cause 2

Having established the value of causality in the ma-
trix between all the problems, we proceeded to graph this 
(Figure 4): the abscissa axis is the one that represents the 
range of passive problems or consequence problems, and 
the ordinate axis represents the active problems or cause 
problems. The sum of the causality/effect that each problem 
has over the others is the value reflected in the graph.

The active problems represent the problems that have 
an influence over the other ones, but not by others, which 
means they are cause problems. The passive problems are 
those that don’t have an important influence over the other 
problems, but are caused by the majority, which means they 
are consequence problems. The critical problems usually 
represent one problem which is a noticeable cause of oth-
ers, and which is caused by the rest. The indifferent prob-
lems represent the problems that don’t have any effect of 
causality on the analyzed set and are not caused by any of 
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the problems.
Finally, the Vester matrix allows the construction of 

a problem tree (Figure 5) where problems are put into a 
hierarchy and prioritized by means of the logical decompo-
sition of cause-effect relationship (Bermúdez and Gómez 
2001).

RESULTS
The results from field 46 samples and Carrillo et al. (2011) 
are presented in Table 1, whereas the variability of the 
physicochemical data is presented in box plots (Figure 2). 
It is possible to observe atypical records and extreme cases 
for conductivity with values above 200 µS/cm, as in the 
case of the wetlands of Parque Santander, with values of 
252 µS/cm and 259 µS/cm; and Calderón, with 289 µS/
cm, both in the urban area. These values contrast with the 
average conductivity of 48 µS/cm. The average temperature 
is 26.0°C, with atypical values of 29°C and 29.5°C (Figure 
2) in Finca El Retiro and Lake Zapatero, respectively. 
The pH level is in the neutral to acidic range (Figure 2). 
The average oxygen saturation percentage was 30.6% and 
several wetlands located in the suburban zones were found 
to have very low oxygen concentrations, representing 
hypoxic and in extreme cases anoxic conditions, as is 
the case of the wetlands of Universidad Nacional Sede 
Amazonia, Parque Santader, Inravisión, Chirui lake and the 
streams of Simón Bolívar and Calderón.

The information collected in the field through the 

characterization sheets (Table 2) shows that the wetlands 
located in the suburban area have protection figures with 
respect to urban wetlands. It undoubtedly favors the 
protection or less impact on these systems. In any case, 
there are already some wetlands, especially cananguchales, 
that are being affected by gradually increasing the 
population density on their territories. Suburban wetlands 
are mostly associated with La Beatriz and Yahuarcaca 
streams and to a lesser extent with Pichuna, Tacana, “Agua 
Negra” and Urumutú streams. The urban wetlands are 
located in the micro-watershed of the Urumutú stream, 
the Calderón stream and the Simón Bolívar stream. Less 
pressure occurs on suburban wetlands, first due to lower 
population density, second because several of them are 
located in conservation areas, either in indigenous territories 
(“resguardos”) or in protection zones of non-governmental 
organizations (civil society) and third, the suburban sector 
is important for the leisure time of the Letician people.

Figure 3 represents the Principal Component Analysis 
(PCA) in which axis 1, associated with conductivity, 
explains 33% of the variance of the data while axis 2 
explains 26.1%. This axis is mainly associated with 
temperature. By this, we could see that in general the 
correlation between the variables is low, but those are the 
variables that can explain most of the variance of the data. 
The wetlands located to the left of component 1 have a 
higher percentage of oxygen saturation and correspond 
in majority to the suburban area of Leticia (orange dots), 

Figure 2. Box plots of conductivity, temperature, pH, and % oxygen saturation. The dark line 
represents the median of the data, while the shaded box is delimited by the lower quartile and the 
upper quartile. The small dots, as visualized in the graphs of conductivity and temperature, indicate 
outliers with values well beyond the normal.
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Site Wetland % oxygen 
saturation

Temperature 
(°C) TDS pH Conductivity 

(µS/cm)
Depth 

(m)
1* Q. km 11 17.5 25.5 7 5.5 7.4 0.42
2* Q. km 13 14.7 24.5 8 6.4 8.4 0.83
3* Box culvert 73.3 24.5 49 7.5 36.8 0.39
4* Castañal exit of Casa Abuelo 13.3 26.4 26 6.6 46.1 0.80
5* Intake site of PTAP 22.3 25.6 39 6.3 37.5 1.69
6* San Sebastian pond 21.3 27.0 34 6.3 33.9 0.95
7* Dump 23.1 25.6 46 7.4 47.7 0.18
8* Q. Urumutú dump exit 11.4 24.9 108 6.4 107.5 0.48
9* Channel Spillway dump 15.4 24.6 13 7.3 13.1 1.18
10* Well source Q. Urumutú 57.2 27.2 26 4.3 25.9 0.15
11* Cananguchal source Yahuarcaca 55.3 28.4 52 7.2 51.5 0.82
12* “Azul” lagoon 26.0 26.5 27 8.4 27.4 0.50
13* Box culvert slide km 7,5 42.5 27.0 21 7.6 21.5 0.40
14* Between Mundo Amazónico and 

Avaque
69.4 24.5 30 6.8 29.9 0.47

15* Balneario km 8, before 74.9 24.3 27 6.6 26.6 1.44
16* Balneario km 8 64.2 24.9 27 6.6 26.8 0.53
17* Balneario km 8, after 77.1 24.4 27 6.2 27.2 0.61
18* Q. Arenosa (Agape) 80.1 24.8 20 6.5 20.1 0.45
19* Km 11 bridge 36.3 26.1 14 6.8 14.4 0.15
20* Cananguchal afeter Balcón Paisa 71.2 28.5 13 7.7 12.8 0.56
21* Km 16 lake water in box coulvert 72.2 26.7 5 5.7 5.4 1.33
22* Ahead of Villa Kiara 37.1 26.3 5 8.0 5.4 1.03
23* Q. landfill source La Beatriz 63.9 24,.9 8 5.5 7.7 0.23
24** La Julianita property (Hábitat Sur) km 

16
54.4 25.8 4 5.2 7.0 0.90

25** 0.9 25.8 10 5.8 19.0 0.90
26**

Los Balcones
39.2 26.9 16 5.9 31.0 1.00

27** 36.4 26.9 4 5.6 8.0 1.00
28**

El Retiro km 22
108.3 29.0 3 5.2 5.0 1.50

29** 45.4 27.7 4 5.1 7.0 1.50
30** 108.5 26.0 4 5.5 8.0 1.50
31** Villa Santi km 15 24,.3 26.1 15 5.8 24.0 0.00
32** 26.0 26.4 8 5.5 0.00
33**

Bruselas Alcaldía property km 18
1.3 25.4 4 4.8 8.0 2.00

34** 0.0 25.0 4 4.8 8.0 2.00

Table 1. Physicochemical parameters of Carrillo et al. 2011 (*) and those obtained in the current study (**).
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Site Wetland % oxygen 
saturation

Temperature 
(°C) TDS pH Conductivity 

(µS/cm)
Depth 

(m)
35**

La Manigua reserve km 18,5
44.5 26.6 8 5.2 19.0 2.00

36** 57.9 26.4 4 5.0 8.0 2.00
37**

Mundo Amazónico km 7
46.9 24.9 15 6.4 29.0 0.60

38** 0.0 25.8 16 6.0 32.0 0,.60
39**

Villa Daniela km 15
21.2 26.9 16 5.8 25.0 3.00

40** 22.1 26.8 10 5.9 16.0 3.00
41** Wetland km 15 site 1 5.5 24.9 7 5.4 15.0 2.00
42** Wetland km 15 site 2 0.0 25.2 4 5.3 8.0 0.50
43**

Cabildo TIWA km 6
0.0 25.0 9 5.9 18.0 1.50

44** 0.0 25.1 9 5.6 18.0 1.50
45**

San Sebastián cananguchal
0.7 25.2 17 5.9 33.0 0.20

46** 0.0 25.2 13 5.7 13.0 0.20
47**

Chirui lake Yahuarcaca
0.0 26.6 62 6.8 127.0 5.50

48** 0.0 26.4 61 6.8 122.0 5.50
49**

Zapatero lake Yahuarcaca
54.1 29.5 63 7.2 126.0 7.00

50** 0.0 26.6 63 6.9 126.0 7.00
51** Tacana river Bora community 65.9 25.4 2 57 4.0 1.50
52**

Salado grande of Agua Negra
26.2 27.2 47 6.4 94.0 0.27

53** 31.5 25.5 5 5.4 9.0 0.27
54** 69.1 25.4 2 5.8 5.0 0.27
55** Calderón behind the stadium 0.0 26.1 145 6.8 289.0 0.20
56**

Calderón La Ceiba neighborhood
0.0 26.7 23 6.4 47.0 0.77

57** 0.0 25.5 35 6.5 70.0 0.77
58** 24.1 26.3 99 6.5 200.0 0.77
59** Simón Bolívar on the road to the Man-

guaré neighborhood
0.0 25.2 39 6.4 78.0 0.00

60**
Caño Urumutú

48.9 25.9 22 6.8 44.0 0.00
61** 54.5 26.1 20 6.6 40.0 0.00
62** Wetland of the Simón Bolivar - Barrio 

nuevo
0.0 25.2 42 6.6 84.0 0.50

63**
Inravisión wetland

0.0 25.4 29 6.1 59.0 0.00
64** 0.0 25.7 18 6.4 36.0 0.00
65**

Wetland well of Parque Santander
0.0 26.4 126 7.0 252.0 0.00

66** 0.0 26.3 129 7.0 259.0 0.00
67**

Wetland of Tomás Cárdenas property
54.0 28.0 18 7.1 36.0 0.00

68** 27.6 27.6 14 6.8 27.0 0.00
69** Wetland of UN Amazonia campus 

northeast
0.0 25.3 44 6.3 92.0 0.21

70** Wetland of UN Amazonia campus 
north 0.0 25.5 45 6.8 87.0 0.35
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Figure 3. Principal Component Analysis (PCA) of physicochemical variables for the sampled wetlands (our sites plus 
those of Carrillo et al. 2011; see Table 1 for site names).

which means better water quality conditions. On the other 
hand, the urban wetlands (green dots) are the ones with 
highest conductivity, as is the case of Calderón stream 
(points 55 and 58) along with the wetland well of Parque 
Santander (point 66), which means an increased amount of 
minerals explained by domestic wastewater discharge. It 
can be also seen that depth variable does not explain much 
of the variance of the data, since its vector that represents 
the correlation with the other ones has a lower value 
(shorter). 

The urban wetlands that have an optimal environmen-
tal quality are located on the premises of the Institute of 
Radio and Television (Inravisión) and the National Univer-
sity of Colombia (Amazon Headquarters), which have a 
high degree of protection: the former for being in a private 
area and the latter for being categorized as environmental 
heritage of the University. On the other hand, human settle-
ments were found on the margins of the streams (Calde-

rón wetland) indicating that there is no compliance with 
minimum riparian corridor. A recent resolution of the entity 
responsible for the environment in the region (Corpoama-
zonia), resolved in 2020 that wetlands and their water 
rounds are environmental determinants. In other words, in 
the improvements and adjustments of what is called territo-
rial planning in Colombia, wetlands must be incorporated 
(e.g., taken into account).

The results obtained from the field analysis on the 
problems and economic activities coincided with the 
perception of the inhabitants - where urbanization (and all 
processes and activities that it entails) is the main problem 
affecting the wetlands of Leticia. The results also suggest 
that 91.8% of those surveyed consider that there is at least 
one problem in the wetlands of Leticia and more than 80% 
mentioned contamination by solid waste and the dumping 
of domestic wastewater. 

The perception survey results show that urbanization is 
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the most critical problem facing wetlands in Leticia (Fig-
ure 4). Land use changes related to urbanization pose the 
greatest threat to wetlands. Deforestation, filling, draining, 
and illegal settlements are “active problems” while con-
tamination by solid waste and the introduction of invasive 
species are “passive problems” recognized by the survey 
participants. Finally, the indifferent problems are dumping 
of domestic wastewater, damming and hydraulic regula-
tion, which represent activities that have no causal effect 
on the analyzed set. Also, agricultural activities (poultry, 
fish, and livestock) generate negative impacts (pollution 
and habitat transformation) which are more evident in the 
suburban area. 

The construction of the problem tree (Figure 5) allowed 
defining the main problem that is affecting the wetlands, 
corresponding to urbanization. When building a house, 
a road or any other artificial structure, people look to the 
necessity of cutting down trees, filling and draining the hu-
mid zones and not to adapt themselves to these conditions. 
Additionally, some social problems that occur elsewhere 
in the region or in the country (which we do not analyze in 
this article) have created some displacements to the munici-
pality of Leticia generating illegal settlements in apparently 
“wasteland” areas, which later become more urban areas. 
Finally, as a consequence of all the processes involved in 
urbanization, added to an inadequate planning of the city, it 
can be observed that contamination by solid wastes and by 
domestic wastewater provide evidence of a lack of proper 
waste separation in Leticia. All of this ends up transforming 
the initial conditions of wetlands and reducing their envi-
ronmental quality.

The results of the characterization visits and percep-
tion surveys indicated that the main benefits obtained from 
wetlands are, in order of importance, food (such as fruits or 
seeds) and medicines from vegetation, followed by water 
regulation and water availability. Other uses include recre-
ation either in the form of tourism or as local entertainment, 
cultural or sacred resources, and fishing. The wetlands used 
as examples for environmental education and scientific 
research are the wetlands of the National University of 
Colombia Amazon campus, Mundo Amazónico wetland 
and Hábitat Sur Natural Reserve. These in turn have protec-
tion mechanisms for their conservation. The wetland that 
stands out for having a cultural use is Zapatero Lake, which 
has a special and sacred protection for the Organization of 
Artisanal Fishers of the Yuhuarcaca Lakes (TIKA). Indig-
enous peoples when living and coexisting with nature have 
developed mechanisms of relationship with nature, which 
are necessary for their survival and behavior. Like environ-
mental regulations, sacred themes are control mechanisms 
to protect nature.

DISCUSSION
Since Humboldt’s time in the Amazon (19th Century) there 
has been talk of colored rivers (Sioli 1967), recognizing 
three types: white, black, and clear waters. In the southern 
region of the Colombian Amazon these same considerations 
have been taken into account, but showing some differ-
ences with Sioli’s classification, who worked more in the 
central Brazilian Amazon. In Colombia and in particular in 
the region of Leticia there are white waters type I and black 
waters type I, due to a geographical and geological differ-
ence that occurs with more northern sectors of the basin in 
Colombia where they are of type II. Thus, lakes Zapatero 
and Shirui, when being affected by the Amazon River, 
are type I whitewater wetlands with conductivities higher 
than 100 µS/cm while the rest of the wetlands have type I 
blackwater and their conductivity is always lower than this 
value (Duque 1997; Núñez-Avellaneda and Duque 2001). 
Therefore, the higher values found in some urban wetlands, 
such as Parque Santander and those associated to Calderón 
micro-basin, are due to a clear disturbance of these systems 
by human action.

The examination of environmental variables in the 
urban and suburban wetlands of the municipality of Leticia 
reveals an axis of variation in water quality and ecological 
status in general. The gradient is explained by changes in 
conductivity and low oxygen content, in addition to habi-
tat transformations (littoral zone and riparian vegetation), 
particularly in urban wetlands.

It is important to consider that hypoxic conditions, 
explained by high rates of organic matter decomposition 
(Junk et al. 2012) and intense metabolic activity (Lampert 
and Sommer 2007; Salcedo et al. 2012), are typical of 
Amazonian wetlands and in broad terms of shallow tropical 
lakes. However, anthropogenic actions such as deforesta-
tion of the watershed and riparian vegetation (Trancoso et 
al. 2009), urbanization (Senhadji et al. 2017) and waste-
water discharges (Cardona 2020), are influential factors of 
high impact that are transforming wetlands and explain the 
environmental axis in the ecological conditions found in the 
wetlands of Leticia. 

The results obtained coincide with those found by Car-
rillo et al. (2011) who concluded that the main source of 
wetland contamination comes from the dumping of waste-
water by communities located on the banks of streams and 
the disposal of solid waste into water bodies. These aspects 
are the consequence of the urbanization of the wetlands 
of Leticia. This agrees with Paredes (2010) who mentions 
that solid waste is the obvious threat to urban wetlands. 
While urbanization is not a recent process in the Amazon 
(Heckenberger et al. 2008), urbanization processes have 
accelerated and have led to the transformation of wetlands 
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Figure 4. Results of Vester matrix for environmental problems and impacts of the wetlands in Leticia. P1: Solid waste 
contamination, P2: Dumping of domestic wastewater, P3: Dammed, P4: Urbanization, P5: Deforestation, P6: Filling, P7: 
Drainage, P8: Illegal settlements, P9: Species introduction, P10: Hydraulic regulation.

Figure 5. Problem tree of the wetlands in Leticia.
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Wet-
land Name

Location Date 
(DD/

MM/YY)
Zone Property Protection Neighbor-

hood/Path
Micro-
basinLatitude Longitude

H1 La Julianita property 
km 16 -4,092060 -69,984260 4/5/2021 Suburban Private Natural reserve of 

civil society
Leticia-Tarapacá 
km 16 La Beatriz

H2 Los Balcones property 
km 21 -4,057190 -69,995470 4/5/2021 Suburban Private Private property Leticia-Tarapacá 

km 21 Tacana

H3 El Retiro property km 22 -4,057550 -69,996640 4/5/2021 Suburban Private Private property Leticia-Tarapacá 
km 22 Pichuna

H4 Villa Santi property 
km 15 -4,093690 -69,983860 4/5/2021 Suburban Private None Leticia-Tarapacá 

km 15 La Beatriz

H5 Bruselas Alcaldía prop-
erty km 18 -4,082010 -69,996050 7/5/2021 Suburban Private City hall property Leticia-Tarapacá 

km 18 La Beatriz

H6 La Manigua reserve km 
18,5 -4,078760 -69,999580 7/5/2021 Suburban Private Forest reserve Leticia-Tarapacá 

km 18.5 La Beatriz

H7 Mundo Amazónico km 7 -4,144070 -69,929120 11/5/2021 Suburban Private Natural reserve of 
civil society

Leticia-Tarapacá 
km 7 Yahuarcaca

H8 Villa Daniela km 15 -4,099903 -69,979869 11/5/2021 Suburban Private Private property Leticia-Tarapacá 
km 15.2 La Beatriz

H9 Wetland km 15 site 1 -4,097334 -69,979464 11/5/2021 Suburban Private None Leticia-Tarapacá 
km 15.5 La Beatriz

H10 Wetland km 15 site 2 
(“Ojo de agua”) -4,097259 -69,978813 11/5/2021 Suburban Private Private property Leticia-Tarapacá 

km 15.5 La Beatriz

H11 Indigenous Council 
TIWA km 6 -4,162020 -69,930034 11/5/2021 Suburban Public

In process of 
constitution as an 
indigenous settle-
ment

Indigenous coun-
cil (km 6) Yahuarcaca

H12 Mixed cananguchal San 
Sebastián -4,176890 -69,948750 18/5/2021 Suburban Private None

San Sebastián, 
50m from the old 
landfill

Urumutú

H13 Chirui lake Yahuarcaca -4,175005 -69,958320 18/5/2021 Suburban Public

AICA* and special 
protection area 
under the orga-
nization’s fishing 
agreements TIKA

Chirui lake of 
lagoon system of 
Yahuarcaca

Yahuarcaca 
and Amazo-
nas river

H14 Zapatero lake Yahua-
rcaca -4,174060 -69,963780 18/5/2021 Suburban Public

AICA* and special 
protection area 
under the orga-
nization’s fishing 
agreements TIKA

Zapatero lake of 
lagoon system of 
Yahuarcaca

Yahuarcaca 
and Amazo-
nas river

H15 Tacana river Bora com-
munity -4,066070 -69,980347 23/5/2021 Suburban Public Indigenous ter-

ritory
Bora community 
km 17 Tacana

H16 Salado Grande of Agua 
Negra -4,038425 -69,950658 23/5/2021 Suburban Public Indigenous ter-

ritory
Indigenous teeri-
tory Ticuna - 
Huitoto km 6-11

Agua Negra

H17 Calderón behind the 
stadium -4,206667 -69,939861 28/5/2021 Urban Public None José María 

Hernández Calderón

H18 Calderón La Ceiba 
neighborhood -4,201056 -69,941250 28/5/2021 Urban Public None La Ceiba Calderón

H19
Simón Bolívar on the 
road to the Manguaré 
neighborhood

-4,193750 -69,930444 28/5/2021 Urban Public None Barrio Nuevo Simón 
Bolívar

H20 Caño Urumutú -4,190389 -69,928000 28/5/2021 Urban Public None Tabatinga Urumutú

H21 Wetland of Simón Boli-
var - Barrio Nuevo -4,194667 -69,929417 28/5/2021 Urban Public None Barrio Nuevo Simón 

Bolívar

H22 Inravisión wetland -4,216654 -69,936481 1/6/2021 Urban Public None Avenida Interna-
cional None

Table 2. Location, sample date, property type, protection status, neighborhood or path, and micro-basin associated with the 
visited wetlands in the municipality of Leticia. *AICA: Area of International Importance for Bird Conservation.
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in Leticia. The wetland well of Parque Santander located 
in the center of Leticia, provides an extreme example. Here 
high levels of conductivity and hypoxic conditions have 
led to eutrophication of the water supply which has been 
replaced by pumping water sources from the municipal 
aqueduct. This transformation of urban environments not 
only has effects on natural conditions, but also impacts 
environmental uses or benefits, as it modifies the supply of 
ecosystem services (Horwitz and Finlayson 2011).

Finally, while there are several policies and regulations 
to protect and conserve wetlands in Colombia, these have 
not been successful. Therefore, it is necessary to encour-
age, support and finance participatory research of citizen 
science projects in order to make the inhabitants appropri-
ate the value of the cultural and environmental heritage of 
these wetlands (Contreras 2002). Policies should not only 
take into account the ecological particularities but also the 
cultural, political and economic context of the region.

CONCLUSION
Regarding environmental quality, differences were found 
between urban and suburban wetlands in the municipality 
of Leticia. These differences generate a gradient in conduc-
tivity, pH, temperature, and oxygen concentration. Despite 
the problems facing wetlands in Leticia, particularly urban 
wetlands, 94.8% of respondents considered wetlands 
important for their well-being and 97.9% emphasized the 
value of wetland conservation and restoration. The find-
ings of this research provided information on the causes 
of the decrease in the environmental quality of wetlands in 
the municipality of Leticia and will hopefully aid ongoing 
efforts to improve territorial planning and environmental 
management. 

ACKNOWLEDGEMENTS
The authors thank to National University of Colombia 

(Bogotá and Amazonia campus) for the financial support 
for the project “Environmental and social appropriation of 
the urban and suburban wetlands of Leticia” (HERMES 
No. 47320).

REFERENCES
Albert, J.S. and W.G. Crampton. 2010. The Geography and Ecology of 
Diversification in Neotropical Freshwaters. Nature Education Knowl-
edge 1(10): 1-13
Albert, J.S., P. Petry, and R.E. Reis. 2011. Major biogeographic and phy-
logenetic patterns. In: Albert, J. Historical Biogeography of Neotropical 
Freshwater Fishes. University of California Press,__________, CA. pp. 
21–58 https://doi.org/10.1525/california/9780520268685.003.0002
Arbeláez, F., J.F. Duivenvoorden and J.A. Maldonado-Ocampo. 2008. 
Geological differentiation explains diversity and composition of fish 
communities in upland streams in the southern Amazon of Colombia. 
Journal of Tropical Ecology 24: 505-515.
Betts, R.A., Y. Malhi, and J.T. Roberts. 2008. The future of the Ama-
zon: new perspectives from climate, ecosystem and social sciences. 
Philosophical Transactions of the Royal Society B: Biological Sciences 
363(1498): 1729-1735.
Bermúdez, G., and H. Gomez. 2001. Los problemas en tecnología: una 
propuesta metodológica. Tecnura 5(9): 68-79.
Bertzky, B., Y. Shi, A. Hughes, B. Engels, M.K. Ali, and T. Badman. 
2013. Terrestrial Biodiversity and the World Heritage List: Identify-
ing broad gaps and potential candidate sites for inclusion in the natural 
World Heritage network. IUCN, Gland, Switzerland and UNEP-WCMC, 
Cambridge, UK.  70 pp.
Bro, R., and A.K. Smilde. 2014. Principal Component Analysis. Analyti-
cal Methods 6(9): 2812-2831.
Calixto, R. and L. Herrera. 2010. Estudio sobre las percepciones y la 
educación ambiental. Tiempo de Educar 11(22): 227-249. https://www.
redalyc.org/articulo.oa?id=31121072004. 
Caraballo, P., B.R. Forsberg, F.F.D. Almeida, and R.G. Leite. 2014. 
Diel patterns of temperature, conductivity and dissolved oxygen in an 
Amazon floodplain lake: description of a friagem phenomenon. Acta 
Limnologica Brasiliensia 26: 318-331.
Cardona, S.M. 2020. Ecología de macroinvertebrados en arroyos de 
montaña: caso de estudio ríos Sangoyaco y Taruca, municipio de Mocoa, 
departamento del Putumayo. Masters tesis, Universidad Nacional de 
Colombia, Leticia. 29 pp. 

Wet-
land Name

Location Date 
(DD/

MM/YY)
Zone Property Protection Neighbor-

hood/Path
Micro-
basinLatitude Longitude

H23 Wetland well of Parque 
Santander -4,212647 -69,942997 1/6/2021 Urban Public None Centro None

H24 Wetland of Tomás 
Cárdenas property -4,214870 -69,933270 1/6/2021 Urban Private None Barrio Costa 

Rica None

H25 Wetland of UN Amazo-
nia campus northeast -4,192999 -69,937629 4/6/2021 Urban Public

Environmental 
heritage of Uni-
versidad Nacional 
de Colombia Sede 
Amazonia

Km 2 antigua  
vía Tarapacá Urumutú

H26 Wetland of UN Amazo-
nia campus north -4,191590 -69,939163 4/6/2021 Urban Public

Environmental 
heritage of Uni-
versidad Nacional 
de Colombia Sede 
Amazonia

Km 2 antigua  
vía Tarapacá Urumutú

Table 2 Continued. Location, sample date, property type, protection status, neighborhood or path, and micro-basin associated 
with the visited wetlands in the municipality of Leticia. *AICA: Area of International Importance for Bird Conservation.

https://doi.org/10.1525/california/9780520268685.003.0002
https://www.redalyc.org/articulo.oa?id=31121072004
https://www.redalyc.org/articulo.oa?id=31121072004


 Wetland Science & Practice January 2022 81

Carrillo, E., D. Martín, J.J. Acuña and M. Prado. 2011. Acciones de res-
tauración, conservación y manejo ambiental de los humedales ubicados 
en el eje de la carretera Leticia – Tarapacá, municipio de Leticia (de-
partamento de Amazonas): Informe para la gobernación departamental 
del Amazonas y Corporación para el Desarrollo Sostenible del Sur de la 
Amazonia (Corpoamazonia), Leticia, Colombia. Convenio Interadminis-
trativo 0494/2010.
Contreras, R. 2002. La investigación-acción participativa, IAP: revisan-
do sus metodologías y sus potencialidades. Experiencias y metodología 
de la investigación participativa-LC/L. 1715-P-2002: 9-18.
Corpoamazonia. 2014. Determinantes y asuntos ambientales para el 
ordenamiento territorial en el departamento del Amazonas. Corpoamazo-
nia. Mocoa (Putumayo). 60 pp.
Duque, S. 1993. Inventario, caracterización y lineamientos para la con-
servación de los humedales del Departamento del Amazonas. Universi-
dad Nacional de Colombia. Leticia. 74 pp.
Duque, S.R. 1997. Tipificación limnológica de algunos lagos de la Ama-
zonia Colombiana a través de la composición, biomasa y productividad 
del fitoplancton. Thesis MSc UN. Leticia. 42 pp.
Duque S.R., C.L. Dulcey, J.S. Acero, O.L. Pulido, D. Restrepo, E.M. 
Jiménez, C. Pérez, F. Duque, M. Suarez, K. Van Vliet, Y. Urrego, C. 
Concha, J.D. Duque, and L.Y. Vargas. 2018. Acotamiento de la ronda 
hídrica de la quebrada Yahuarcaca en la zona urbana del municipio Leti-
cia, departamento del Amazonas. Convenio 588 de 2016 entre UN Sede 
Amazonia & Corpoamazonia. Leticia. 447 pp. https://repositorio.unal.
edu.co/handle/unal/78622
Galvis, G., J.I. Mojica, S.R. Duque, C. Castellanos, P. Sánchez, M. Arce, 
A. Gutiérrez, L.F. Jiménez, M. Santos, S. Vejarano, F. Arbeláez, E. Pri-
eto, and M. Leiva. 2006. Peces del medio Amazonas región de Leticia. 
Conservación Internacional. Editorial Panamericana, Formas e Impresos. 
Bogotá, Colombia. 548 pp.
Gopal, B. and W.J. Junk. 2000. Biodiversity in wetlands: an introduction. 
In B. Gopal, W. J. Junk, and J. A. Davis (Eds.), Biodiversity in wetlands: 
assessment, function and conservation. Vol. 1 (pp. 1-10). Leiden: Back-
huys Publishers.
Heckenberger, M.J., J.C. Russell, C. Fausto, J.R. Toney, M.J. Schmidt, E. 
Pereira, B. Franchetto, and A. Kuikuro. 2008. Pre-Columbian Urbanism, 
Anthropogenic Landscapes, and the Future of the Amazon. Science 321: 
1214 – 1217.
Herrera, M.A., M.V. Sepúlveda, and N.J. Aguirre. 2008. Análisis sobre 
la aplicabilidad de las herramientas de gestión ambiental para el manejo 
de los humedales naturales interiores de Colombia. Gestión y ambiente 
11(2): 7-20.
Hoorn, C., F.P. Wesselingh, J. Hovikoski, and J. Guerrero. 2010. The de-
velopment of the amazonian mega-wetland (Miocene; Brazil, Colombia, 
Peru, Bolivia). Amazonia, Landscape and Species Evolution: A Look into 
the Past 123: 123-142. 
Horwitz, P. and C.M. Finlayson. 2011. Wetlands as settings for human 
health: incorporating ecosystem services and health impact assessment 
into water resource management. BioScience 61(9): 678-688.
IDEAM. 2012. Climatología aeronáutica. Aeródromo Al-
fredo Vásquez Cobo Sklt–Leticia, Colombia. ideam.gov.co/
documents/290086/75945771/SKLT/0c696ee4-8601-4039-aaa8-
9a6e83a7a442  
Jara, C.F. 2017. Los determinantes ambientales y su efecto en la planifi-
cación del territorio. Universidad Santo Tomás. Bogotá. 37 pp. 
Jaramillo, A.J., L.N.P. Sánchez, and J.O. Rangel. 2013. Geomorfología 
y estratigrafía de las formaciones cuaternarias en la región del trapecio 
amazónico colombiano: Geomorphology and stratigraphy of the Quater-
nary formations in the Colombian Amazon rain forest región. Caldasia 
35(2): 429-464. 

Junk, W.J., M.T.F. Piedade, J. Schöngart, and F. Wittmann. 2012. A 
classification of major natural habitats of Amazonian white-water 
river floodplains (várzeas). Wetlands Ecology and Management 20(6): 
461–475. https://doi.org/10.1007/s11273-012-9268-0 
Lampert, W. and U. Sommer. 2007. Limnoecology: the Ecology of Lakes 
and Streams. Oxford University Press. 324 pp.
McInnes, R.J. 2011. Managing wetlands for multifunctional benefits. 
In: B.A. Le Page (ed). Wetlands: Integrating Muldisciplinary Concepts. 
Springer New York. pp 205-222.  
Macías, L.F. 2018. ¿Qué significa que la amazonia sea un sujeto de 
derecho? Revista Colombiana Amazónica 1(11): 103-120. 
Morcote -R, G., D. Mahecha, and C. Franky. 2017. Recorrido en el tiem-
po: 12000 años de ocupación de la Amazonia. In: Universidad Nacional 
de Colombia (ed.). Universidad y territorio. Bogotá: v. 5, t.1, p. 66-93.
Paredes, D. 2010. Determinación de amenazas en humedales urbanos: 
Estudio de tres humedales de Valdivia, Chile. (Trabajo de pregado, Ing-
eniero en Conservación de Recursos Naturales). Universidad Austral de 
Chile, Valdivia, Chile. 35 p.
Popping, R. 2015. Analyzing Open-ended Questions by Means of Text 
Analysis Procedures. Bulletin de Méthodologie Sociologique BMS 128: 
23-39. http://dx.doi.org/10.1177/0759106315597389 
Rangel, E. and B. Luengas. 1997. Clima y aguas del eje Apaporis - 
Tabatinga. Pp. 49-68. En: IGAC – SINCHI – Universidad Nacional de 
Colombia. Zonificación ambiental para el plan modelo colombo-brasi-
lero (eje Apaporis-Tabatinga: PAT). Editorial Linotipia Bolivar. Bogotá, 
Colombia. 410 pp.
Ribas, C.C. and A. Aleixo. 2019. Diversity and evolution of amazonian 
birds: Implications for conservation and biogeography. Anais Da Aca-
demia Brasileira de Ciencias 91 (3): 1-9. https://doi.org/10.1590/0001-
3765201920190218
Ricaurte, L.F., J.E. Patiño, D.F.R. Zambrano, J.C. Arias, O. Acevedo, C. 
Aponte, and W.J. Junk. 2019. A classification system for Colombian wet-
lands: an essential step forward in open environmental policy-making. 
Wetlands 39(5): 971–990. https://doi.org/10.1007/s13157-019-01149-8
Rincón, W.A. 2014. Preguntas abiertas en encuestas ¿cómo realizar su 
análisis? Comunicaciones en estadística: 7(2): 139-156.
Rudas, A. 2009. Unidades ecogeográficas y su relación con la diver-
sidad vegetal de la amazonia colombiana. Ph.D. thesis, Universidad 
Nacional de Colombia. Bogotá, Colombia.
Rudas, A. 2007. La diversidad de la vegetación: estado actual del cono-
cimiento. In S.L. Ruiz (Ed.). Diversidad Biológica y Cultural del Sur de 
la Amazonia Colombiana. Corpoamazonia, Instituto Humboldt, SINCHI, 
UAESPNN, Bogotá. pp. 98-102.
Salcedo, M.J., S.R. Duque, L. Palma, A. Torres, D. Montenegro, N. 
Bahamón, L. Lagos, L.F. Alvarado, M. Gómez,  and A.P. Alba. 2012. 
Ecología del fitoplancton y dinámica hidrológica del sistema lagunar 
de Yahuarcaca, Amazonas, Colombia: análisis integrado de 16 años de 
estudio. Mundo amazónico 3: 9-41. 
Santos A., E. Cassú, M. Pérez and S.R. Duque 2013. Memoria ambien-
tal de los tikuna en los lagos de Yahuarcaca (Amazonia Colombiana). 
Colombia Amazónica (Instituto Sinchi) 6: 41-67.
Senhadji, K., M.A. Ruiz, and J.P. Rodríguez. 2017. Estado ecológico de 
algunos humedales colombianos en los últimos 15 años: Una evaluación 
prospectiva. Colombia Forestal 20(2): 191-200.
Sioli, H. 1967. Studies in Amazonian waters. Atas do Simposio a Biota 
Amazónica 3: 9-50.
Sureda, J., M. Gili, R. Comas, L. Tudela, and E. Duce. 2009. Ciudadanía 
y Medio Ambiente en las Islas Baleares: el ecobarómetro como 
instrumento de análisis. M+A, Revista Electrónica de Medioambiente 7: 
23–40. https://doi.org/10.5209/MARE.15915

https://repositorio.unal.edu.co/handle/unal/78622
https://repositorio.unal.edu.co/handle/unal/78622
http://ideam.gov.co/documents/290086/75945771/SKLT/0c696ee4-8601-4039-aaa8-9a6e83a7a442
http://ideam.gov.co/documents/290086/75945771/SKLT/0c696ee4-8601-4039-aaa8-9a6e83a7a442
http://ideam.gov.co/documents/290086/75945771/SKLT/0c696ee4-8601-4039-aaa8-9a6e83a7a442
https://doi.org/10.1007/s11273-012-9268-0
https://doi.org/10.1007/s13157-019-01149-8
https://doi.org/10.5209/MARE.15915



