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ABSTRACT
Aquatic plants are a priority biological group to study due to their high representativeness in ecosystem 
services and because they also indicate the state of conservation of lake systems. The goal of the study 
is to develop an Index of Macrophytes from continental Ecuador (IMAE), which can also be applied 
in the Andean region as a bioindicator, thus assessing the ecological health of the continental lakes 
and lagoons from 12 to 4000 m, evaluating the structure and floristic composition of aquatic plants  
and identifying the habitat preferences of the species according to the concentration of nutrients  
(nitrites, phosphates and ammonium), as determining elements of their presence. 104 species of  
aquatic plants were found. The tolerance and indicator values have been calculated for each species 
meanwhile seven levels of coverage were established. Last, four classes of trophic status or water quali-
ty were defined to asses lentic systems. The present study will significantly strengthen the environmen-
tal control tools for Ecuador.
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RESUMEN
Las plantas acuáticas son un grupo prioritario de estudio por su alta representatividad en los servicios 
ecosistémicos y porque además indican el estado de conservación de los sistemas lacustres. El estu-
dio desarrolla un Índice de Macrófitas para el Ecuador continental (IMAE), para ser aplicado como  
bioindicador, también en la región andina, valorando así la salud ecológica de los lagos y lagunas con-
tinentales desde los 12 hasta los 4000 m de altitud, evaluando la estructura y composición florística de 
las plantas acuáticas, e identificando las preferencias de hábitat de las especies según la concentración 
de nutrientes (nitritos, fosfatos y amonio), como elementos determinantes de su presencia. Se encon-
traron 104 especies de plantas acuáticas, se calculó su valor de tolerancia y el valor indicador por cada 
especie, además se establecieron siete niveles de cobertura. Finalmente se determinaron cuatro clases 
de estado trófico o calidad de agua para evaluar los sistemas lénticos. El presente estudio fortalecerá 
significativamente las herramientas de control ambiental para el Ecuador.

Palabras clave. Bioindicador, índice trófico, macrófitas vasculares, nutrientes, sistemas lénticos

INTRODUCTION

Since the 20th century, the use of biological indicators has 
become an indispensable tool for evaluating the ecological 
status of an aquatic ecosystem, and monitoring its dyna- 
mics, in both lotic and lentic environments. However, more 
attention has been given to particular communities about 
others, due to their ease of identification or because they 
house several species with a high bio-indication value,  
such as aquatic macroinvertebrates and fishes (Nichols et 
al. 2000, Pinilla 2016). Within these communities with 
bio-indicating characteristics, we find the macrophytes that 
constitute a group of aquatic life organisms where their 
formations are complex, but easily identifiable (Suarez et 
al. 2005) and that has been very little studied in Ecuador  
(Terneus 2002). In the last decade, the water bodies of 
continental Ecuador have been subjected to strong human 
pressure as a result of demographic growth and the inequi-
table distribution of wealth and productive systems. 

The presence and abundance of certain species of aquat-
ic plants, together with the physicochemical characteris-
tics of the water they inhabit, such as the concentration 
of nitrogen and phosphorus, are the biotic and abiotic  

conditions that commonly define the trophic state of a 
body of water; in addition this is an essential part for cata-
loguing lake systems (Moreno Franco et al. 2010, Dodkins 
et al. 2012). Unlike other aquatic bio-indicators, macro-
phytes manifest a longer response time to environmental 
disturbances, being considered as indicators of changes in 
the medium and long term, i. e. in months or years, so the 
disappearance of a species can become highly significant 
for the ecosystem water body functionality (Cirujano et al. 
2007, Arnau et al. 2015).

The aquatic macrophytes constitute approximately 1 % 
of the vascular flora of the world, being today the centre 
of many investigations (Velásquez 1994, Chambers et al. 
2008, Rial et al. 2016). In the last 20 years, the role of 
macrophytes has been analyzed from the point of view of 
nutrient recycling (McDermind Naiman 1983, Carvalho 
et al. 2004, Ramos Montaño et al. 2013) and the impact 
as indicators of the level of eutrophication in water bodies 
(Kahn et al. 1993, Rojas Moreno and Novelo Retana 1995,  
Schneider and Melzer 2003, García et al. 2006, Duran-Su-
arez et al. 2011). Several investigations have shown the 
relationship between abiotic parameters and the pres-
ence of macrophytes because they are sensitive to fluctu-
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ations in the ecosystem giving them an essential value as  
bio-indicators (Reiss and Brown 2005, Vásquez et al. 2012, 
Pinilla 2016). However, in order to apply these indices, 
the specific determination of the different taxa and the  
reaction patterns of the species to the concentration of 
nutrients are necessary as determinant elements of their 
presence (Suárez et al. 2005, Dodkins et al. 2012, Poikane 
et al. 2018). 

It is also important to consider that its application must 
be restricted to certain regions due to the great environ-
mental variability, which determines the composition and 
structure of the particular aquatic vascular flora (Pinilla  
2016). For this reason, the methods of evaluating the  
quality or state of health of the lagoons of Ecuador cannot 
be generalized to other regions.

Research shows that the seasonal fluctuation of water lev-
els and current flows are determinants of the richness and 
abundance patterns of aquatic plants (Rial 2004, 2006). 
However, these patterns of seasonal variation are typical 
of the ecological dynamics of water bodies to which aqua-
tic plants are adapted, responding to intense evolution-
ary processes. The idea that this is a stress factor implies  
ignoring the processes of regulation of wetlands where  
eurytipic plants with ample tolerance to these hydrological 
changes predominate (Rial 2004, 2014). In Ecuador, this 
type of weather phenomena and hydrological variation 
patterns respond to the raised premise, so it is supposed 
that these variation patterns would not be determinants of 
wealth and abundance of aquatic plants, as could happen 
in temperate countries.

In Europe and Africa, several indices have been  
applied that use aquatic macrophytes as indicators of the  
rivers trophic status (Dodkins et al. 2012, Kennedy et al. 
2016). However, studies have been scarce for lentic envi-
ronments. In South America stands out the Limnological 
Status Index (IEL) of Pinilla et al. (2010), which is a sim-
plified version of the ICOL “Use of Limnological Indices 
of Colombia” (ICOL) where physical and chemical biotic 
variables are taken into account to determine ecological 
health in aquatic systems. 

The IVAM index used in the Iberian countries (Moreno et 
al. 2006a) which is currently part of the Water Framework 
Directive, as a normative body, was taken as reference for 
the construction of the tool proposed in the present study 
to evaluate the trophic status in lotic systems. This in-

dex is based on relating the composition and structure of 
aquatic plant species in order to their spatial distribution 
and habitat preference according to the concentration of 
nitrogen and phosphorus. Some studies show a high cor-
relation between the concentration of nutrients and the  
establishment of communities of aquatic plants (Poikane 
et al. 2018, Stefanidis et al. 2019), an aspect that moti-
vated the construction of this index. The present analysis  
pursues the objective of adapting the IVAM, to the  
hydro-biological conditions of Ecuador considering  
the geological and relief variability influenced by the pres-
ence of the Andes Mountain Range. 

Its application is aimed to evaluate the trophic status of 
lentic water bodies specifically, thus generating the IMAE 
index (Index of Aquatic Macrophytes of Ecuador), a neces-
sary tool for monitoring water bodies and strengthening of 
the taxonomic and ecological knowledge of this biological 
guild, very little studied in Ecuador. 

MATERIAL AND METHODS

Study Area
The present study is part of an extensive analysis through-
out the three regions of Continental Ecuador, Coast, High-
lands and Lowlands, aimed to the taxonomic identification 
and knowledge of the distribution of aquatic vascular flora 
and their habitat preferences. The study area comprises 
18 lake systems selected from previous studies conducted 
by Terneus (2002, 2007, 2014), regarding the structure 
and distribution of aquatic vascular flora and their cover-
age patterns. From that group of lakes, ten belong to the 
Highlands region, four to the Coast region and four to the  
Lowlands region (Fig. 1). It should be noted that the Ram-
sar Convention has classified nine of the studied systems 
as wetlands of interest for conservation.

The hydrological regime of the sampled wetlands responds 
to three seasonal moments: dry, rainy and transitional 
times, which occur at different times in the three studied 
regions. Although it is true that rain intensity or drought 
determines the availability of habitat and the distribution 
of the species, this pattern appears with more consider-
able variation in the lotic affluents and effluents of water  
bodies, unlike wetlands and lagoons that due to being  
lentic atmospheres undergo less intense and drastic varia-
tions in fluctuation and level of water. 
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ters deep) towards the center of the lake, as far as there is 
the presence of plants (Terneus 2007). The transect was  
divided into 1 m2 vegetation quadrants where the coverage 
of the species was estimated as percentages. The use of a 
1 m2 frame with a transparent plastic sheet facilitated the 
coverage observation patterns of the within-species inside 
the square. For macrophytes of submerged habitats that 
cannot be seen with naked eyes, collections were made 
with a drag anchor from the bottom at each sampling unit 
(Ramos Montaño et al. 2013, Terneus 2014). The sam-
ples were analysed in the laboratories of the International 
University of Ecuador. Finally, the collected material was 
dried for later identification and final disposal in the her-
barium from the Catholic University of Quito (QCA). 

Physicochemical analysis
The following variables were taken into account for each 
transect: saturation and concentration of dissolved ox-
ygen, pH, electrical conductivity, total dissolved solids 
(STD) and water temperature. These were measured in 
situ at three different depths with a Hanna brand multipa-
rameter model HI98194.

Research conducted by Arnau et al. (2015), Pinilla (2016), 
Pinilla et al. (2010), Moreno et al. (2006b), Suárez et al. 
(2005), and Cirujano et al. (2007) show that important  

Other criteria considered to select the sampling la-
goons were the altitudinal range location and the type of  
anthropic intervention such as the capture of primary 
sources, dams for irrigation and flood control, and prox-
imity to population centres. The bodies of sampled water 
were permanent lagoons of depths greater than 5m and 
with a littoral zone with minimal hydrological variability.

Sampling points location
The sampling points were located in each lake, making 
exploratory journeys through the perimeter of the water 
bodies looking for areas of greatest macrophyte diversity, 
life form diversity, and variability in the coverage patterns, 
taking into account the coastal zoning proposed by Kiersh 
et al. (2004), and the diversity of habitats and human  
impacts. Subsequently, linear depth transects proposed by 
Terneus (2007) were drawn, whose length was determined 
by the vertical distribution patterns of the aquatic plant 
communities along the littoral zone.

Aquatic plants Analysis 
Only hydrophytic and heterophytic vascular plants (bryo-
phytes, pteridophytes and phanerogams) were taken 
into account for sampling (Poikane et al. 2018). Linear 
transects were drawn at several sampling points in each 
lake, which have their starting point on the shore (0 me-

Figure 1. Geographical location 
of the 18 lake systems studied in 
continental Ecuador.
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elements for the growth of aquatic plants are nutrients. For 
nitrites, the kit Hanna brand model HI708 (Colour Checker 
Nitrite) with a range of 0 – 150 ppm was used. For phosphate  
concentrations, the kit Hanna brand model HI713 (Colour 
Checker Mini Phosphate) with a range of 0.00 – 2.50 ppm 
was used. For the ammonium analysis, the spectrophotom-
etry method was used with YSI-9300 equipment.

The Index Construction

Transformation and statistical data processing 

All concentration values from the nitrogenous and phos-
phate species expressed as mg/l of total ammonium, ni-
trites and phosphates, were transformed to be expressed 

as a millimolar concentration (mM/l) of nitrogen and 

phosphorus in terms of logarithm of base 2. The total 

nitrogen equals the sum of the milli-moles of the corre-

sponding nitrogen species. With the transformed values, 

we proceeded to find the dispersion and central tendency 

statistics, using as a grouping factor the macrophyte spe-

cies found in the study sites. Following the methodology of 

Moreno et al. (2006b) the most relevant descriptors were 

the maximum values of Total Nitrogen and Phosphorus to 

form the tolerance value (Vt), as well as the concentration 

ranges as measures to establish the indicator value (Vi) 

of each species of macrophyte under study (Table 1). The 

arithmetic mean of the log-transformed values of Total 

Table 1. IMAE-Values of Vt and Vi for each species identified and coded in the three regions of Ecuador. Highlands (H), Coast (C), and Lowlands (L), 
Species code (COD). 

# Region Species Life form COD Vt Vi

Bryophytes

1 H Sphagnum sp. 1 ES SH1 4 1.4

2 H Sphagnum sp. 2 ES SH2 4 1.4

3 H Sphagnum sp. 3 ES SH3 10 4

4 H Sphagnum sp. 4 ES SH4 10 4

Pteridophytes

5 HCL Azolla filiculoides Lam. FL AZF 0.8 0.4

6 C Salvinia auriculata Aubl. FL SAA 1 0.4

7 CL Salvinia minima Baker FL SAM 0.8 0.4

8 C Acrostichum aureum L. EE ACA 1 1

9 CL Ceratopteris pteridoides (Hook.) Hieron. EE CEP 0.8 0.4

10 L Azolla caroliniana Willd. FL AZC 0.8 0.4

Phanerogams

11 HL Acroceras sp. EE ACS 4 0.4

12 CL Aeschynomene sensitiva Sw. EE AES 4 4

13 H Agrostis aff. gigantea EE AGG 4 1.4

14 CL Cabomba furcata Schult. & Schult. f ES CAF 2 3.5

15 H Calceolaria tripartita Ruiz & Pav. EE CAT 0.8 0.4

16 H Callitriche deflexa A. Braun ex Hegelm. ES CAD 4 1.4

17 H Callitriche heteropoda Engelm. ex Hegelm ES CAH 4 3.5

18 H Caltha sagittata Cav. EE CAS 1 4

19 H Carex pygmaea Boeckeler EE CAP 0.8 0.4

20 C Ceratophyllum australe Griseb. FL CEA 1 4

(Continued)
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Table 1. IMAE-Values of Vt and Vi for each species identified and coded in the three regions of Ecuador. Highlands (H), Coast (C), and Lowlands (L), 
Species code (COD). 

# Region Species Life form COD Vt Vi

Phanerogams

21 HL Ceratophyllum submersum L. FL CES 0.8 0.4

22 H Cotula mexicana (DC.) Cabrera ES COM 4 1.4

23 H Crassula venezuelensis (Steyerm.) M. Bywater  
& Wickens ES CRV 4 1.4

24 C Cyperus sp. 1 EE CY1 1 0.4

25 C Cyperus sp. 2 EE CY2 1 4

26 C Cyperus sp. 3 EE CY3 0.8 1

27 C Cyperus giganteus Vahl EE CYG 1 0.4

28 L Cyperus odoratus L. EE CYO 10 4

29 H Eclipta prostrata (L.) L. EE ECP 0.8 0.4

30 HCL Eichhornia crassipes (Mart.) Solms EF EIC 0.8 0.4

31 L Eichhornia diversifolia (Vahl) Urb. EF EID 2 1

32 H Elatine ecuadoriensis Molau ES ELE 4 1.4

33 CL Eleocharis plicarhachis (Griseb.) Svenson EE ELP 1 1

34 C Eleocharis acutangula (Roxb.) Schult. EE ELA 2 4

35 C Eleocharis mutata (L.) Roem. & Schult. EE ELM 2 4

36 L Eleocharis sp. EE ELS 10 4

37 CL Elodea granatensis Humb. & Bonpl. ES ELG 1 0.4

38 H Elodea potamogeton (Bertero) Espinosa ES ELP 4 1.4

39 H Gunnera aff. magellanica EE GUM 2 1

40 C Hydrocotyle umbellata L. EE HYU 0.8 0.4

41 L Hydrocotyle ranunculoides L. f. EE HYR 1 1

42 CL Hymenachne amplexicaulis (Rudge) Nees EE HYA 0.8 0.4

43 CL Ipomoea aquatica Forssk. EF IPA 1 1

44 H Isoetes lechleri Mett. ES ISL 4 1.4

45 HC Isolepis inundata R. Br. ES ISI 4 1.4

46 H Juncus stipulatus Nees & Meyen EE JUS 0.8 0.4

47 H Juncus arcticus Willd. EE JUA 4 0.4

48 H Lachemilla aff. erodiifolia ES LAE 4 1.4

49 H Lachemilla diplophylla (Diels) Rothm. ES LAD 1 4

50 H Lachemilla nivalis (Kunth) Rothm. ES LAN 4 4

51 C Lemna aequinoctialis Welw. FL LEA 1 1

52 HC Lemna minuta Kunth FL LEM 0.8 0.4

53 HCL Lemna gibba L. FL LEG 1 1

(Continued)
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Table 1. IMAE-Values of Vt and Vi for each species identified and coded in the three regions of Ecuador. Highlands (H), Coast (C), and Lowlands (L), 
Species code (COD). 

# Region Species Life form COD Vt Vi

Phanerogams

54 H Lilaea scilloides (Poir.) Hauman ES LIS 4 1.4

55 C Limnobium laevigatum (Humb. & Bonpl. ex Willd.) 
Heine EF LIL 1 4

56 C Ludwigia decurrens Walter EE LUD 1 1

57 C Ludwigia helminthorrhiza (Mart.) H. Hara EF LHE 1 1

58 L Ludwigia inclinata (L. f.) M. Gómez EE LUI 2 4

59 L Ludwigia hyssopifolia (G. Don) Exell EE LUH 1 1

60 H Myriophyllum quitense Kunth ES MYQ 0.8 0.4

61 HC Nasturtium officinale W.T. Aiton EE NAO 1 1

62 C Neptunia oleracea Lour. EF NEO 1 1

63 C Neptunia sp. EF NES 1 1

64 CL Nymphaea ampla (Salisb.) DC. EF NYA 1 0.4

65 L Oxycaryum cubense (Poeepp. & Kunth) Palla EE OXC 1 1

66 C Panicum sp. EE PAS 0.8 0.4

67 CL Panicum mertensii Roth EE PAM 1 1

68 L Panicum laxum Sw. EE PAL 2 1

69 CL Paspalum repens P.J. Bergius EE PAR 0.8 0.4

70 HCL Pistia stratiotes L. EF PIS 0.8 0.4

71 H Plantago tubulosa Decne. EE PLT 4 1.4

72 C Polygonum acuminatum Kunth EE POA 1 4

73 L Polygonum punctatum Elliott EE PPU 4 0.4

74 H Polygonum hydropiperoides Michx. EE POH 1 1

75 CL Pontederia rotundifolia L. f. EF POR 1 1

76 H Potamogeton paramoanus R.R. Haynes & Holm-Niels. ES POP 4 0.4

77 H Potamogeton filiformis Pers. ES POF 0.8 0.4

78 H Potamogeton illinoensis Morong ES POI 0.8 0.4

79 H Potamogeton pectinatus L. ES PPE 0.8 0.4

80 H Ranunculus flagelliformis Sm. ES RAF 4 1.4

81 H Ranunculus limoselloides Turcz. ES RAL 4 1.4

82 HC Schoenoplectus californicus (C.A. Mey.) Soják EE SCC 0.8 0.4

83 HCL Spirodela intermedia W. Koch FL SPI 1 1

84 L Thalia sp. EE THS 4 4

85 HC Typha domingensis Pers. EE TYD 0.8 0.4

86 L Urospatha sagittifolia (Rudge) Schott EE URS 2 4

(Continued)
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Nitrogen was also used as a necessary descriptor for the 
latter grouping and species classification.

Index Calculation
Based on the proposal of Moreno et al. (2006b) the calcu-
lation of the index is done by applying the formula. 

 IMAE
Vi*Ci*Vt
Vi*Ci

= ∑
∑

Where Vi is the indicator value of the species; Ci is the  
value of coverage of the species, and Vt the tolerance value 
of the species.

Definition of the tolerance value (Vt) and the indicator value 
(Vi)
The maximum values of Total Nitrogen (Nt), Phospho-
rus (P) and the arithmetic average of Total Nitrogen were 
used to group the species through the K-means clustering 
method with a total of six numerical categories to define  
the tolerance value Vt; the grouping method is non- 

hierarchical, and the number of clusters is a function of 
the number of levels considered most adequate to cover 
the entire concentration range. The same criterion was 
used to determine the range of the indicator value Vi, in 
this, case a number of five conglomerates was determined 
as the most suitable to convenient to group all the species 
according to the concentration ranges of (Nt), P and arith-
metic mean of (Nt).

Once the species were grouped, the indicator values and 
the tolerance values corresponding to each of the ob-
tained conglomerates were quantified, for which the total 
average value of the log2 concentrations of both the (Nt) 
and P ranges were considered for the case of Vi as for the 
maximum values of (Nt) and P for Vt, corresponding to 
each conglomerate of species. Thus, each conglomerate 
of species has a characteristic average of concentrations 
expressed as ranges and maxima of N and P. The average 
normalized value was obtained by dividing the average 
value of the conglomerate for the arithmetic mean of the 

Table 1. IMAE-Values of Vt and Vi for each species identified and coded in the three regions of Ecuador. Highlands (H), Coast (C), and Lowlands (L), 
Species code (COD). 

# Region Species Life form COD Vt Vi

Phanerogams

87 CL Utricularia gibba L. FL UTG 2 1

88 L Utricularia breviscapa C. Wright ex Griseb. FL UTB 10 4

89 CL Vigna luteola (Jacq.) Benth. EF VIL 1 1

90 H Lilaeopsis schaffneriana (Schltdl.) J.M Coult. & Rose EE LSH 4 1.4

91 H Werneria pygmaea Gillies ex Hook. & Arn. EE WEP 4 1.4

92 H Cardamine bonariensis Juss. ex Pers. EF CBO 1 1

93 H Rumex andinus Rech. f. EE RAN 0.8 0.4

94 H Bacopa sp. EF BAC 4 3.5

95 H Limosella subulata E. Ives EE LSU 4 1.4

96 H Mimulus glabratus Kunth EF MGL 1 1

97 HL Wolffiella oblonga (Phil.) Hegelm. FL WOB 0.8 0.4

98 HC Equisetum bogotense Kunth EE EQB 2 1

99 CL Luziola subintegra Swallen EE LZS 0.8 0.4

100 CL Eichhornia azurea (Sw.) Kunth FL EIA 2 1

101 L Mayaca fluviatilis Aubl. ES MYF 2 3.5

102 L Utricularia foliosa L. EF UTF 2 1

103 L Najas arguta Kunth ES NAA 2 3.5

104 L Ricciocarpos natans (L.) Corda FL RCN 1 04
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log2 value of (Nt) of each of the species. This value raised 
to a suitable power, subtracted from the unit and multi-
plied by a numerical factor, corresponds to the values of 
Vi and Vt of each conglomerate of species. The procedure 
is summarized in the following mathematical expression:

 V k*

N P

n*N

nx

i

n
c c

itotal= −

  +  
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Where:

Vx is the Indicator value (Vi) or Tolerance value (Vt). k 
is the Constant; where k = 4 for Vi; k = 20 for Vt and:  
Constant; where y = 2 for Vi; y = 1 for Vt. n is the num-
ber of species in the conglomerate [N] c; [P] c: millimolar 
concentrations of N total and P, expressed as ranges and  
maximum values respectively for Vi and Vt, associated 
to each species in the conglomerate. Ni total: Arithmetic 
mean of the N total for species i.

For any conglomerate, the values obtained under the 
methodology described will be lower for those species 
that are more tolerant to high concentrations of N and P, 
while the higher values belong to the species that are more  
sensitive to them. In the case that the value calculated for 
the conglomerate of more tolerant species is equal to zero 
or negative, we should work with the positive values of the 
other conglomerates and, by extrapolation, find the corre-
sponding ordinate.

Determination of the coverage value (Ci)
The coverage value is an index expressed in j-levels each 
corresponding to an accumulated and normalized fre-
quency interval of the total coverage area of all the species 
in the total study lagoons. The product of the average cov-
erage area of each species multiplied by its frequency of  
presence varies exponentially according to the number  
of species, so the value of the integral of the function was 
an indication of the variation of the area within a given 
interval. The number of intervals corresponding to j-levels 
was determined as the number of changes in the value of 
the slope of the exponential function (Table 2). 

The index was calculated as follows:

 A F n dn
n

n j

1

0

1

= ( )
=

=

∫

 C
F n dn

Aj
n

n ji

=
( )

=

=

∫ 0

1

Where:

A1: area of the first interval j1; F (n): function that describes 
the variation of the area with the number of species n; dn: 
differential function, where n corresponds to the number 
of species; Ji: maximum value of n within the given range; 
Cj: value of the coverage index for an interval Ji.

Grouping of species according to their values of Vi, Vt and Ci
The proposed classification method was subject to a 
Non-Metric Multidimensional Scaling (NMDS) using Bray 
Curtis distance as a measure of similarity. The species 
were grouped according to their values of Vi, Vt and Ci. In 
addition to the maximum values and ranges of Nt and P, 
averaged according to the IVAM calculation (Fig 2).

Grouping of lakes according to their IMAE values
Following the same methodology applied to the species, 
the lagoons were grouped according to the values of the 
IMAE index. The coordinates respond to the Euclidean 
distance between lagoons taking as variables the values of 
Vi, Vt and Ci. (Fig. 2).

Water quality index (ICA)
A scale of the water trophic status expressed in four qual-
ity levels was proposed based on: the values of the IMAE, 
the relationship of the log. concentrations ([P]/[N]), their 
respective ranges, and their maximum values.

RESULTS

In the 24 lagoons visited that make up the 18 lake systems  
sampled in this study. There were 85 transects with a 
total of 934 quadrants. A total of 104 species of vascular 

Table 2. Coverage values (Ci) expressed as a percentage.

Coverage Ranges (%) Ci

0-20 0.1

21-30 0.3

31-40 0.5

41-60 1.7

61-70 2.8

71-80 4.7

81-100 7.1
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ciations of species arranged in a concentric way, where 
their forms of life form a multicoloured mosaic of coverage  
patterns, evidencing the dominance of each group or  
association. The sensitivity to changes in water quality 
experienced by aquatic plants is usually reflected in the  
increase or decrease in their coverage. According to  
the coverage patterns identified in the present study, the 
values (Ci) are expressed in seven levels, which corre-
spond to an exponential type distribution. At the begin-
ning range, 0 – 20 belong to 0.1 value, and the ending 
range belong to 81 – 100 belong to 7.1 value (Table 2). 

Quality ranges (Q)
The quality ranks were established through a nonpara-
metric analysis of variance (Kruskal-Wallis) and its sub-
sequent grouping with the Bonferroni method (P < 0.05). 
Four classes of water quality associated with P/Nt concen-
trations were established. Q1 and Q2 values represent the 
best quality of water bodies, while Q3 and Q4 represent 
the regular and poor quality of water bodies (Table 3).

The coordinates of each point correspond to the distance 
between the species characterized by their values of cover-

aquatic plants, 57 species of hydrophytes and 47 species of  
helophytes were identified. Of which, four species are 
Bryophytes, six Pteridophytes and 94 Phanerogams. The 
forms of life found correspond to 43 emergent rooted  
species, 22 submerged aquatic plants, 23 free-floating 
ones and finally 17 to floating rooted ones.

Obtaining Vt and Vi
The values of Vt correspond to the manifest tolerance for 
each species to the maximum concentration of nutrients, 
while Vi corresponds to the assigned value of indication for 
each species according to the ranges of concentration of  
nutrients. Four trophic status classes were established 
that contain all the species for the Vt and Vi. These levels 
go from 0.8 to 10 and from 0.4 to 4, respectively (Table 1).  
The highest values correspond to species sensitive to the 
concentration of organic load and the lowest scores to  
species of wider distribution and that better tolerate the 
eutrophication of water bodies.

Obtaining Ci
Growth habits in the communities of aquatic plants in the 
littoral zones of the lagoons tend to form groups or asso-

Figure 2. PCA projection of the species correlating Vt, Vi, maximum values of Nt and P, ranges of Nt and P. There are four groups of species that 
respond better to the variables and testify their quality as bioindicators. Codes of the species are specified in Table 1.
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age, tolerance and maximum values, represented in a space 
reduced to two dimensions in such a way that the distor-
tion caused by the reduction from a dimensionality N was 
the lowest possible (stress < 0.05; R2 > 0.90). (Fig 2).

DISCUSSION

There is no other index of macrophytes generated in Ecua-
dor to evaluate the quality of lakes and lagoons (Arias and 
Terneus 2012). The IMAE has been generated in Continen-
tal Ecuador in the three biogeographical regions (Coast, 
Highlands and Lowlands) which have different character-
istics from each other and which make up the four biogeo-
graphical provinces detailed by the MAE (2013) (Choco, 
Equatorial Pacific, Highlands of the North, and Northwest 
Amazonia). Water quality of water bodies can be expect-
ed to change between ecoregions in terms of ionic charge, 
nutrients, and organic matter because they are receptors 
of climatic conditions, hydrological regimen, and land use 
practices (Moreno et al. 2006a). Similarly, it is necessary 
to have a prediction when comparing index values between 
different types of water bodies, since there may be differ-
ences between the indices. Besides, the values of tolerance 
and the indicator value of the genus can vary between  
different regions or countries (Pinilla 2016). This high-
lights the importance of generating indices by specific  
regions, as in the case of Ecuador and the Andean region.

The IMAE integrates two relevant aspects, the biotic vari-
ables and the physicochemical factors for the water quality  
evaluation in a determined lentic system (Hernández  
Henao 2015). By combining these factors a more objective 
vision of the ecosystemic functionality is obtained, and its 
ecological health status has even been shown to be more 
efficient than the indices of richness and diversity used to 
express the conservation status of a water body (Moreno 
et al. 2006b). 

The adapted methodology developed in this study is based 
on the IVAM proposed by Moreno et al. (2006b), the same 
one that has been tested in different parts of Europe and 
America, reflecting its validity. Regardless of how the tol-
erance values, indicator values and percentage of coverage 
are established, the IVAM, IMF and IMAE are governed 
by the same formula, based on the nutrient ranges and in-
cluding the ecological amplitude of the species studied. As 
mentioned by Kiersch (2004) and Moreno et al. (2006b), 
macrophytes as bioindicators depend on the species and 
the value that corresponds to each of them, so the IMAE 
focuses on an analysis of aquatic plants and its specific tax-
onomic assessment. In contrast to the IVAM, which covers 
the main groups of organisms considered as bio-indicators 
where algae stand out and do so in lotic systems and with a 
generic taxonomic assessment (Kelly et al. 2016).

The vast majority of indices used in Europe (United  
Kingdom, Germany, France, and Spain) are based on the 
nutrients of nitrogen and phosphorus in their different 
forms, since they reflect the levels of eutrophication in the 
water bodies (Poikane et al. 2018). They also have a direct 
relationship with the diversity of aquatic plants and with 
their establishment. The different chemical forms of the 
two nutrients are involved in their recycling and consump-
tion, so when analysing the data, it is necessary to identify 
and relate those variables that have a higher correlation 
and that are statistically significant. For this reason, the 
IMAE has been elaborated from the values of the ammoni-
um, nitrite and phosphorus concentrations transformed to 
milli-molar units, where the nitrogenous species respond 
to the total nitrogen. Given that in the IMAE was found a 
significant correlation between total nitrogen and cover-
age. (P = 0.03), this correlation justifies its use in the cal-
culation of Vi and Vt., unlike the (IVAM) that uses the net 
values of the ammonium and phosphate concentrations.

In reference to the level of taxonomic resolution of the  
species, Moreno et al. (2006b) and Arnau et al. (2015) 
emphasize that this has a significant effect on the es-
tablishment of quality classes. The IMAE worked at the 
finest possible taxonomic level so that only thirteen spe-
cies are classified at the genus level, among which the  
bryophytes and some genera of the families Poaceae and 
Cyperaceae predominate. Additionally, it should be noted 
that the IMAE registers a larger number of phanerogams 
(94) concerning the other indices proposed by Moreno et 
al. 2006a, Moreno Franco et al. 2010), which take into 

Table 3. Water quality ranges established for the IMAE, as well as a pro-
portional variation of the concentration ratio of P/N.

Classes IMAE P/N Quality

Q1 > 3.65 <0.02 Very good

Q2 2.21 - 3.64 0.02 - 0.07 Good

Q3 0.95 - 2.20 0.07 - 0.125 Regular

Q4 <0.95 > 0.0125 Poor
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