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ABSTRACT - Lake morphology is closely related to the geomorphological process responsible for its origin, and influences the
dynamics of most physical, chemical and biological properties of lacustrine environments. Different methodologies and highly accurate
equipment have greatly improved the technological capacity for bathymetric mapping in the last decade, but their use has been applied
to a limited number of environments in Brazil, owing to their high cost and lack of trained personnel. In the present study, an accessible
and low-cost approach was used to characterize the morphometrics of Mata do Amparo Dam, a man-made lake in Itamaraca Island,
Pernambuco State, northeastern Brazil. Lake bathymetry with a portable echosounder and GPS was conducted in 372 points, and
additional 138 points of lake perimeter were digitalized from a satellite image and later interpolated for generation of a bathymetry
chart, 3D views and estimation of volume. The reservoir has a surface area of 0.042 km?, a maximum depth of 6.2 m and an estimated
volume of 0.11 x 10% m3. The methodology used provided an acceptable estimate of morphometric parameters, and a physical
background for future limnological studies on the reservoir.

Keywords: bathymetry, morphology, volume.

RESUMO - A morfologia de lagos esta intimamente associada ao processo geomorfoldgico responsavel por sua origem, e influencia
a dindmica da maioria das propriedades fisicas, quimicas e biolégicas de ambientes lacustres. Diferentes metodologias e equipamentos
altamente precisos tém melhorado a capacidade técnica do mapeamento batimétrico na dltima década, mas seu uso tem sido aplicado
a um nudmero limitado de ambientes no Brasil, devido a seu elevado custo e caréncia de pessoal treinado. No presente estudo, uma
abordagem acessivel e de baixo custo foi usada para caracterizar a morfometria do Reservatdrio Mata do Amparo, um lago artificial
na llha de Itamaracd, Estado de Pernambuco, nordeste do Brasil. Uma batimetria do lago com ecobatimetro portéatil e GPS foi realizada
em 372 pontos e 138 pontos adicionais do perimetro foram digitalizados numa imagem de satélite, e posteriormente interpolados para
geracdo de mapa batimétrico, perfis em 3D e estimativa do volume. O reservatério tem area superficial de 0,042 km?, profundidade
maxima de 6,2 m e volume estimado de 0,11 x 10% m3. A metodologia utilizada forneceu uma estimativa aceitavel dos parametros
morfométricos, sendo um referencial fisico para futuros estudos limnoldgicos no reservatorio.

Palavras-chave: batimetria, morfologia, volume.

INTRODUCTION

Lake morphology is closely related to the
geomorphological process responsible for its
origin (Wetzel, 2001; Tundisi & Matsumura-
Tundisi, 2008), and influences the physical,
chemical and biological dynamics of lacustrine

environments, including vertical thermal
stratification and  horizontal  circulation,
sedimentation, concentration of suspended

matter, water retention time, nutrient cycling and
trophic state (Johansson et al., 2007). Beyond the
geological and climatic events that promoted the
formation of lake basins, natural lakes and
artificial impoundments are similarly affected by
anthropic stress from human activities within

their catchment area, which may hamper their
ecological integrity and management of water
resources (Tundisi & Matsumura-Tundisi, 2008).

Dams and reservoirs are artificial lentic
environments usually constructed for some pre-
conceived purpose, such as energy generation,
water stocking for public supply, livestock
watering or crop irrigation, being strongly
subject to use conflicts resulting from water
multiple use, independently from its original
purpose (Branco & Rocha, 1977; Tundisi, 2003).

Studies on lake  morphology and
morphometric characteristics have long been
regarded as essential for better understanding the
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limnological processes (Hutchinson, 1957),
mainly lake metabolism and productivity
(Wetzel, 2001; Tundisi & Matsumura-Tundisi,
2008).

In Brazil, pioneer lake morphometry studies
aimed at limnological research were conducted
in coastal lagoons in Rio de Janeiro State
(Azevedo, 1984) and Rio Grande do Sul State
(Schwarzbold & Schéfer, 1984), and in the Doce
River Valley lakes, Minas Gerais State (Tundisi
& Musarra, 1986). Further studies were
developed in natural and artificial lakes located
in other regions of the country, including upland
lakes in the Amazon region (Silva et al., 2018),
floodplain lakes in the Pantanal Mato-grossense
(Fantin-Cruz et al., 2008), and, only more
recently, impoundments (acudes) in the dry semi-
arid northeastern Caatinga (Moura et al., 2015).

Different methodological approaches have

been used to characterize the morphological
parameters of lakes (Tundisi & Musarra, 1986
versus Bezerra-Neto et al., 2010), and there has
been a great improvement in the technological
capacity for bathymetric mapping in the last
decade. The use of echosounders combined with
differential global positioning systems (DGPS)
have provided an accurate mapping coupled with
exportation of the data to geographical
information system (GIS). However, such tools
have been applied to a limited number of
lacustrine environments in Brazil, owing to their
high cost and lack of trained personnel (Bezerra-
Neto & Pinto-Coelho, 2008).

The present study aimed at using a simple and
low-cost methodology for bathymetry and data
acquisition for the physical characterization of a
small-sized reservoir, as an accessible tool for
limnological studies.

MATERIAL AND METHODS

Study Area

Mata do Amparo Dam (Figure 1) isa man-made
reservoir supposedly built around 1939-40, for
water storage and supply to the Penitenciaria
(Prison) Agro Industrial S&o Jodo, formerly
Penitenciaria Agricola de Itamaraca established in
1940, located in Itamaraca Island, northern region
of Pernambuco State (Santos, 2011). It is located at
the headwaters of the Jaguaribe River basin and is
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presently inserted in the Mata (Forest) do Amparo
Wildlife Refuge.

Mata do Amparo is a natural remnant of the
Brazilian Atlantic Forest biome, with an area of
172,9 ha, located ca. 40 km from the capital Recife.
It was established by the Pernambuco State Law n.
13539 of 12 September 2008 (originally
established as an Ecological Reserve by the State
Law n. 9989 of 13 January 1987).
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Figure 1- Map of Itamaraca Island, with approximate location (*) of Mata do Amparo Dam, northeastern Brazil.
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The region has a climate of type As' (Koppen,
1931), an average annual rainfall of 1,867 mm, and
average air temperatures between 18 and 34°C.
October, November, December, January, February
and March correspond to the dry summer season,
and April, May, June, July, August and September
to the rainy autumn/winter season (CPRM, 2005).

Knowledge about ecological aspects of the
forest and the reservoir is lacking. The only
available published information about the forest is
Pereira et al. (2006), who reported the occurrence
of the pilgrim-falcon Falco peregrinus at Mata do
Amparo, among the other localities in Pernambuco
State where the species has been recorded. No
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its perimeter (B). Modified from a Google Earth image.

Data Analysis and Morphometric Parameters
Estimation

The reservoir contour was digitalized from a
Google Earth image dated from November 2016,
along 138 points used for perimeter estimation
(Figure 2B), recorded as a Google Earth kml file.
Perimeter and transects data were later integrated
into a XYZ spreadsheet used to draw the
bathymetry chart and 3D views, and calculate
corresponding areas at each 1-m depth interval,
with the software Surfer 10 (Golden Software,
2011) using the kriging method.

Maximum depth (Zmax) was calculated from

information regarding the reservoir is available in
the literature.
Field Data Collection

Reservoir depth data were obtained with a
portable sounder (Speedtech Depthmate SM-5, 200
Khz) along thirteen transects on 20-21 September
2016 (Figure 2A). The coordinates of each point
were measured with a GPS Garmin Map 76CSx
(WGS84 horizontal datum) and stored for later
download using the software Garmin MapSource
6.16.3. Both initial and end points of each transect
(as 0-m depth points) were recorded as additional
reference points for perimeter and surface area
estimation.

A
N

200 m

LUUm
Figure 2 - Satellite view of Mata do Amparo Dam with transects used for bathymetry (A) and points used for the estimation of

field data, whereas perimeter (P), effective length
(Le) and maximum effective width (We) were
estimated by direct measurement on the chart.
Surface area (A) and areas at each 1-m isobath were
used for the estimation of volume (V) and for the
hypsographic curves of depth-area and depth
volume, according to Wetzel & Likens (2000). The
morphometric parameters mean depth (Z), relative
depth (Z:) and shore line development index (Dy)
followed Wetzel & Likens (2000), the
development volume index (Dv) was calculated
according to Schéafer (1984), and the mean width
according to Wetzel (2001).

RESULTS

The morphometric survey of Mata do Amparo
Dam was conducted with 372 points with known

geographical location and depth, with 0.1-m
depth accuracy.
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The kriging method was chosen for data
interpolation and grid generation as it is regarded
as a good estimator in relation to the original
points of observation (Bezerra-Neto et al., 2010).

A bathymetric model was generated with 1-m
depth isobaths (Figure 3), based on a reservoir

elevation of 30 m above sea level and maximum
water level on the date of field sampling. The
morphometric information of Mata do Amparo
Dam are summarized in Table 1, and
corresponding area and volume per depth layer
are presented in Table 2..
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Figure 3 - Bathymetric map of Mata do Amparo Dam, Itamaracé Island, Pernambuco State. Black star indicates the

location of maximum depth (6.2 m).

The 3-D bathymetric model (Figure 4) helps
the visualization of Mata do Amparo Dam basin,
which reflects the typical shape of a lake formed
by the damming of a river valley, represented by
the upper stretch of Jaguaribe River.

The depth contours of the reservoir bottom are
reasonably uniformly spaced from the margin to
the maximum depth, but two main depressions
are visible, a larger one closer to the dam from

the 3-m isobath to the maximum depth of 6.2 m,
and a smaller one on the upper third of the
reservoir surface area from the 2-m isobath to a
maximum depth of 3.5 m. The hypsographic
area-depth and volume-depth curves (Figure 5)
revealed that almost 69% of the total area is
below 1.0 m depth (16% of total depth), whereas
57% of total volume is between surface and 2.0
m (32% of total depth) (Table 2).

Table 1 - Morphometric characteristics of Mata do Amparo Dam, Pernambuco State, Brazil.

Morphometric parameters

Surface area (A, km?)

0.042

Volume (V, m®)

0.11 x 10°

Shoreline perimeter (P, m)

1,215.00

Maximum effective length (Le, m)

399.00

Maximum effective width We, m)

189.00

Maximum depth (Zmax, M)

6.20

Mean depth (Z, m)

2.57

Z | Zmax

0.42

Relative depth (Z;, %)

2.68

Mean width (m)

105.28

Volume development index (D)

1.25

Shoreline development index (Ds)

1.67
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Table 2 - Area and volume data by strata of Mata do Amparo Dam, Pernambuco State, Brazil.

Depth (m) | Area (m?) | Area (%) | Layer | Volume (m®) | Volume (%)
0 42007.00 | 100.00 0-1 34983.19 32.36
1 28883.33 68.76 1-2 26289.71 24.32
2 23780.31 56.61 2-3 20406.99 18.88
3 17314.23 41.22 3-4 14211.59 13.15
4 11749.34 27.97 4-5 8888.99 8.22
5 6308.37 15.02 5-6 3258.30 3.01
6 980.05 2.33 6-6,2 65.34 0.06
6,2 0.00 0.00 Total | 108104.10 100.00
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Figure 4 - Northwest (A) and southeast (B) three-dimensional views of Mata do Amparo Dam bathymetric profiles.
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Figure 5 - Hypsographic curves of percent total surface (A) and percent total volume (B) in relation to percent maximum
depth of Mata do Amparo Dam, Pernambuco State..
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DISCUSSION

The estimated surface area of 0.042 km? and
volume of 0.11 x 10° m3 define Mata do Amparo
Dam as a small lake (A<1 km?), similar to several
other artificial ponds and reservoirs found in
Brazil (Table 3).

The number and distribution of transects, and
number of depth points per square Kilometer

(8,857) used for generating the bathymetric chart
seemed satisfactory for a detailed representation
of bottom contour, as compared to similar
surveys in Carioca Lake (7,843 points.km?)
(Bezerra-Neto et al., 2010) and Umari and Santa
Cruz Reservoirs (respectively 1,812 and 1,895
points.km?) (Moura et al., 2015).

Table 3 - Morphometric parameters of selected Brazilian lacustrine environments. Abbreviations for parameters as in Table 1.

Morphometric parameters

Environment A P Le We \V Zmax Z Zr D D
(km?) (km) | (km) | (km) |(10°m?) | (km) | (m) | (%) ° '

Gentil 6.52 12.4 3.91 2.81 4,000 | 1.45 | 0.62 | 0.05 |1.37 -
Tapera 0.74 3.3 1.03 0.98 0.700 | 2.12 | 0.89 | 0.22 |1.07 -
Prainha 0.36 2.2 0.77 0.62 0.500 | 4.42 | 1.40 | 0.65 |1.05 -
Manuel Nunes 2.91 7.4 2.62 1.78 2700 | 196 | 091 | 0.10 |1.23 -
Fortaleza 17.96 20.9 577 4,22 30.800 | 2.98 | 1.72 | 0.06 |1.39 -
Lessa 0.71 3.2 1.15 0.89 0.800 | 1.80 | 1.06 | 0.19 |1.08 -

g Suzana 1.06 3.8 1.21 1.07 1.100 | 2.58 | 1.04 | 0.22 |1.04 -
g | Cidreira-Rondinha 15.53 25.0 8.00 3.49 19.500 | 3.26 | 1.26 | 0.07 |1.79 -
& | Cerquinha 8.67 21.1 3.89 3.03 9.200 | 1.80 | 1.06 | 0.05 |2.02 -
s Rincéo das Eguas 5.63 14.1 3.58 2.81 12.200 | 3.76 | 2.17 | 0.14 |1.67 -
§ Cip6 2.36 9.3 2.25 1.69 2400 | 2.08 | 1.02 | 0.12 |1.70 -
O | Lavagem 0.75 3.3 1.19 0.92 1.000 | 2.61 | 1.38 | 0.27 |1.06 -
Porteira 19.07 175 6.15 4.47 55.200 | 5.04 | 2.89 | 0.10 |1.13 -
Potreirinho 2.23 55 1.90 1.69 3.600 | 291 | 162 | 0.17 |1.04 -
Capdo Alto 2.25 5.6 2.03 1.61 4300 | 3.27 | 1.92 | 0.19 |1.06 -
Pinheiro 0.64 3.6 1.14 0.72 1.400 | 6.35 | 2.23 | 0.70 |1.27 -
Quintdo 8.41 125 3.99 3.23 30.500 | 9.34 | 3.63 | 0.29 |1.22 -
Charqueada 0.76 4.6 1.46 1.24 2.000 | 465 | 261 | 047 |1.47 -
Buritizal 4,02 7.7 2.67 2.23 12.900 | 4.20 | 2.72 | 0.19 |1.07| 1.94
@ | Coqueiro 2.22 10.4 4.01 0.98 0.150 | 1.60 | 068 | 0.10 |1.95| 1.28
< | Chacororé 64.92 70.2 | 10.18 9.88 178.600 | 4.00 | 2.75 | 0.04 [2.44| 2.06
‘T | Pedras 0.021 1.1 0.27 0.10 0.022 | 6.20 | 1.04 | 3.81 |2.10| 0.49
g Pogo 0.024 0.9 0.33 0.11 0.010 | 0.82 | 0.40 | 0.47 |1.56| 1.47
S | Recreio 0.75 4.1 1.48 0.94 0990 | 230 | 1.32 | 0.24 |1.31| 1.72
Sinha Mariana 11.25 36.5 8.75 2.67 40.400 | 475 | 3.58 | 0.13 [3.05| 2.26
Santa Cruz® 18.90 94.8 - 4.16 295.800 | 37.97 | 13.50 | 0.77 |6.14 -

g | Umari® 14.60 110.9 - 3.42 114.900 | 27.01 | 8.18 | 0.63 |8.17 -
8 | Hedberg® 0.23 3.9 0.78 0.45 0.500 | 5.58 | 2.90 - 2.28| 1.56
FEENA® 0.03 0.7 0.27 0.16 0.022 | 216 | 0.86 | 1.19 |1.12| 1.19
“» | Saibro 0.03 0.8 0.22 0.19 0.160 | 6.60 | 5.65 | 3.47 |1.20| 2.57
g Recreio 0.08 1.3 0.42 0.28 0.170 | 450 | 226 | 1.44 |1.27| 150
0- | Pesqueiro 0.008 0.5 0.14 0.10 0.015 | 350 | 1.96 | 352 |1.44| 1.68
Lagoa Central® 1.700 6.5 1.96 1.57 6.800 | 6.86 | 3.89 | 0.50 |1.38| 1.70
Carioca" 0.141 1.7 0.57 0.35 0.670 | 1180 | 476 | 2.78 |1.28| 1.21
Dom Helvécio' 5.270 37.7 3.10 1.20 59.400 | 39.20 | 11.30 | 1.52 |4.61| 0.86

§ Violao 0.270 2.8 1.10 0.50 1.814 | 1050 | 6.60 | 1.80 |1.40| 1.90
S | Amendoimi 0.130 1.7 0.60 0.30 0.489 | 8.00 | 3.90 | 2.00 |1.40| 1.40
Trés Irmas 1 0.070 1.3 0.50 0.20 0.188 | 3.90 | 250 | 1.30 |1.30| 1.90
Trés Irmas 2! 0.120 1.6 0.60 0.30 0.084 | 2.80 | 0.70 | 0.70 |1.30| 0.80

Trés Irmas 3 0.250 2.5 0.90 0.50 2.053 | 14.70 | 8.10 | 2.60 |1.40| 1.70

References: a. Schafer et al., 2014; Silva et al., 2018; b. Fantin-Cruz et al., 2008; c. Moura et al., 2015; d. Silva et al.,
2016; e. Cicagna et al., 2014; f. Fernandes et al., 2014; g. Brighenti et al., 2011; h. Bezerra-Neto et al., 2010; i. Bezerra-

Neto & Pinto-Coelho, 2008; j. Silva et al., 2018.

The shape of a lake basin may be
characterized by the volume development index
(Dv). Lakes with Dv values > 1 possess a

concave shape, which contribute to the exposure
of lake surface to wind action and vertical mixing
(Wetzel, 2001; Tundisi & Matsumura-Tundisi,
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2008), being predominant in Brazilian lakes and
reservoirs (Table 3).

Such features also contribute to water vertical
mixing and lake productivity (Brighenti et al.,
2011; Moura et al., 2015), although productivity
in Mata do Amparo Dam seems to be limited by
low phosphorous and nitrogen concentrations
(unpublished data).

Relative depth (Zr) and mean depth (Z) in
Mata do Amparo Dam (respectively, 2.68% and
2.57 m) are within the limits found in most
Brazilian lacustrine environments (range 0.05-
3.81%, and 0.40-3.90 m), as shown for selected

environments summarized in Table 3. Z; values
above 4% are only recorded in environments
with maximum depth above 10 m, such as Santa
Cruz and Umari reservoirs (Moura et al., 2015)
and lakes Carioca (Bezerra-Neto et al., 2010),
Dom Helvécio (Bezerra-Neto & Pinto Coelho,
2008), Violao and Trés Irmas 3 (Silva et al.,
2018). Z, is another parameter that may influence
thermal stability and limit vertical mixing
(Wetzel & Likens, 2000; Moura et al., 2015), and
most lakes worldwide present low values (<2%)
as has also been recorded in Brazilian lakes and
reservoirs (Table 3).

CONCLUSIONS

In spite of some limitations regarding the
precision of the estimates of the morphometric
variables of Mata do Amparo Dam, owing to the
different equipment and sources used for data
acquisition, the procedures used constitute an
accessible low-cost method that may serve as a
basis for comparative lake morphology studies
with other lentic environments of similar size.

The morphometric characteristics presented in
this paper have not been previously published for
this environment, or any other natural or artificial
lake in Pernambuco, and provide a physical

background for future limnological research
conducted on the site. Moreover, apart from
being the largest freshwater lentic environment
in Itamaraca Island, its location in the only
perennial river basin of the island, the Jaguaribe
river basin, makes the conservation of such
environment of uttermost importance for future
water supply and maintenance of the river flow.
Future studies dedicated to understanding the
limnological features of the reservoir should be
encouraged, and the morphometric data herein
provided might contribute to such endeavor.
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