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1.0   INTRODUCTION 
 
The Panama Canal Authority (ACP) is currently performing a series of studies to assess the 
feasibility of a new set of locks, alternative systems to raise and lower vessels, and upgrading 
the navigation channel to prepare a Master Plan for the Modernization and Expansion of the 
Canal.  Part of these studies include the analysis of risks to increase the salinity of the lakes 
Gatun and Miraflores. This may occur as a consequence of increased traffic, lateral water 
saving basins, and anticipated structural modifications, which include an additional set of 
locks to accommodate larger Post-Panamax vessels. Lake Gatun is adjacent to the locks on 
the Atlantic and Pacific sides of the Canal and Miraflores Lake is adjacent to the locks on the 
Pacific side of the Canal.   
 
Within this context, ACP retained URS Holdings, Inc. (URS) for the execution of the contract 
for the Tropical Lake Ecology Assessment with Emphasis on Changes in Salinity of Lakes. 
More specifically, under this agreement, URS shall recommend the maximum salinity levels, 
which may be tolerated in the lakes mentioned above. The salinity standards must consider 
the current procedures for treatment of potable water in Panama and must also maintain the 
biological integrity of freshwater ecosystems.  
 
The terms of reference specify several intermediate products in the form of technical 
memoranda. In this context this is the fourth technical memorandum, which deals with the 
preparation of the sampling programs to identify, asses and compare the viability of existing 
flora and fauna in Gatun Lake, its tributaries and Miraflores Lake in accordance to the terms 
of reference for this contract. 
 
1.1  OBJECTIVE 
 
Based on the previous paragraphs, the objective of this fourth technical memorandum is to 
present a sampling program for the flora and fauna in lakes Gatun and Miraflores that 
includes proposed monitoring sites, field and laboratory methodologies, as well as reporting 
and data management requirements.  
 
1.2 BACKGROUND 
 
During the preparation of this Technical Memorandum, published literature as well as 
consulting studies was reviewed to develop the flora and fauna sampling program for Gatun 
and Miraflores Lakes.  The most important sources of information consulted, due to their 
content, clarity and/or subject matter, are listed below: 

 
Table 1-1 

List of Most Relevant Sources of Information 
 

Document Name Author Year Source of Information 
Protocols for Measuring Biodiversity: 
Phytoplankton in Freshwater, Sampling and 
Laboratory Procedures. 

Findlay, D. L & Kling, 
H. J. 2001 

Ecological Monitoring and Assessment 
Network. http://www.eman-
rese.ca/eman/ecotools/protocols/freshwater/ 

Protocols for Measuring Biodiversity: 
Zooplankton in Fresh Waters, Sampling and 
Laboratory Procedures. Paterson, M. 2001 

Ecological Monitoring and Assessment 
Network. http://www.eman-
rese.ca/eman/ecotools/protocols/freshwater/

Protocols for Measuring Biodiversity: Benthic 
Macroinvertebrates in Fresh Waters, 
Sampling and Laboratory Procedures.. Rosenberg, D.M.; et al. 2001 

Ecological Monitoring and Assessment 
Network. http://www.eman-
rese.ca/eman/ecotools/protocols/freshwater/
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Document Name Author Year Source of Information 

Sampling Zooplankton in Lakes. 
Galbraith, M.G. & 
Schneider, J. 2000 

Chapter 18 in Schneider, James C. (ed.). 
Manual of Fisheries survey methods II: 
with periodic updates 

Standard Operating Procedure for 
Zooplankton Analysis. 

Grace Analytical 
Lab. 2003 

http://www.epa.gov/glnpo/lmmb 
/methods/zoo.pdf 

Analysis of USGS NAWQA Program 
Phytoplankton Samples. Fran Acker 2002 

Charles, D.F., C. Knowles, and R.S. Davis, 
eds. 2002. Protocols for the analysis of 
algal samples collected as part of the U.S. 
Geological Survey National Water-Quality 
Assessment Program. The Academy of 
Natural Sciences, Philadelphia, PA. 124 pp. 
Also at http://diatom.acnatsci.org/nawqa/  

Composición Cualitativa y Cuantitativa del 
Fitoplancton en 24 estaciones Establecidas en 
los Lagos Gatún y Miraflores. 

Aguilar C., E. & Pérez, 
M. 2004 

Inventario Biológico de los Lagos Gatún y 
Miraflores. Universidad de Panamá 
/Autoridad del Canal de Panamá. 

Colecta y Análisis de Muestras Biológicas de 
los Lagos Gatún y Miraflores  

Grimaldo O., M. & 
Muñoz, E. 2004 

Inventario Biológico de los Lagos Gatún y 
Miraflores. Universidad de Panamá 
/Autoridad del Canal de Panamá. 

Colecta y Análisis de Muestras Biológicas de 
los Lagos Gatún y Miraflores: Ictiofauna  Averza C., A. Et al 2004 

Inventario Biológico de los Lagos Gatún y 
Miraflores. Universidad de Panamá 
/Autoridad del Canal de Panamá. 

Colecta y Análisis de Muestras Biológicas de 
los Lagos Gatún y Miraflores: 
Macroinvertebrados  García, J. Et al 2004 

Inventario Biológico de los Lagos Gatún y 
Miraflores. Universidad de Panamá 
/Autoridad del Canal de Panamá. 

El Inventario Biológico del Canal de Panamá. 
IV. El Estudio de Aguas Continentales y 
Entomológico. Gutiérrez, R. Et al 1994 

Scentia (edición especial), Diciembre de 
1995. 

Methods for Collection and Analysis of 
Aquatic Biological and Microbiological 
Samples. Britton L.J et all 1987 U.S. Geological Services 
A Practical Guide to Design and 
Implementation of Freshwater  Quality 
Studies and Monitoring Programs. UNEP/WHO 1996 World Health Organization. 
El Inventario Biológico del Canal de Panamá. 
I. El Estudio Marino 

D´Croz, L., Martínez 
V. & Arosemena, G. 1994 Scentia (edición especial), Enero de 1994. 

 
A full list of documents is provided as section 4.0 of this Technical Memorandum.   
 
1.3   STRUCTURE 
 
This Technical Memorandum has been organized in a manner that is consistent with the 
objectives of the document and that will allow a clear and concise presentation of the program 
requirements.  The structure of the document is briefly discussed in the next paragraphs. 
 
Introduction. This introductory section contains a general description of the work to be 
carried out by URS as well as the objective, and structure for the Technical Memorandum.  In 
addition, background information that explains the research activities performed during the 
preparation of the sampling program is also presented. 
 
Flora and Fauna Sampling Program.  This section is the primary result of Task 4 of the 
project and presents the various requirements for the sampling program.  The section presents 
the recommended sites for sampling, as well as the sampling, analysis and reporting 
requirements for flora and fauna.  Sampling schedules are also provided. 
 
Organization / Staffing.  This section presents basic requirements for the organization of the 
program and the human resources needed for implementation of the sampling program.   
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Bibliography.   A list of relevant documents consulted during the preparation of the 
document is presented in this section. 
 
Attachments.   This section presents reference information and supporting documents and 
figures. 
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2.0 FLORA AND FAUNA SAMPLING PROGRAM 
 
In order to determine the changes in diversity and abundance, and to detect any seasonal 
variation of the species, two samplings should be performed at the beginning and at the end of 
the dry and rainy seasons since prior studies do not show all seasonal conditions and 
variations present in both lakes. Therefore, the sampling should last at least one or two years, 
depending on the economic feasibility of the ACP unit responsible for their execution.  
 
Once the baseline is obtained, the species, which may be used as indicative of the conditions 
of the Gatun and Miraflores Lake, shall be identified. Besides, the information obtained in the 
baseline will make it possible to determine the monitoring frequency, which shall not be less 
than two monitoring studies per season. 
 
This section presents the requirements for the implementation of the flora and fauna sampling 
program.  It has been organized into three main components, namely: site selection, sampling 
programs, and monitoring schedule. 
 
2.1 SELECTION OF SAMPLING SITES  
 
A total of 18 sampling sites have been selected to determine the baseline and to monitor the 
fluctuations in the structure and abundance of species due to variations in the current water 
conditions of the Gatun and Miraflores lakes. The UNEP/WHO (1996)1 recommends that the 
ecological monitoring sites be the same sites used to monitor the water quality so as to have 
the maximum possible information available for the interpretation of any ecological effect 
observed (e.g., increase in salinity and related parameters). That is why the sites 
recommended in this program correspond to those presented for the water quality-monitoring 
program. 
 
2.1.1 Gatun Lake 
 
URS proposes 14 sites for the monitoring of the flora and fauna, 5 of these sampling points 
are in the main tributaries to Lake Gatun, the other 9 sampling points are located in the lake 
itself. With these sites it is possible get information to build a long-term baseline which would 
allow the evaluation of possible evaluate the changes in the diversity and structure in the 
populations of species of flora and fauna in response first to natural seasonal variations and 
second, in response to fluctuations in the salinity levels in the lake.  These sites are presented 
in the Table 2-2 and Figure 2-1. 
 
2.1.2 Miraflores Lake 
 
Besides the two sites sampled in the Biological Inventory cited before, URS suggests two 
other places located in two tributaries of Miraflores Lake, which are located in the upper 
course of each tributary. (See table 2-2 and Figure 2-1) 
 
 
 
 
 

                                                 
1 United Nations Environmental Program/World Health Organization 
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Table 2-2 

Sites Proposed for the Sampling Program of the Flora and 
Fauna in Lakes Gatun and Miraflores. 

Site Name Coordinates 
Lake Gatun 

LG. 1. Monte Lirio Bay 627528 E 1024617 N 
LG. 2. Raíces – Canal Arenosa 613440 E 1005984 N 
LG. 3 Peñas Blancas Bay 624293 E 108758 N 
LG. 4. Gamboa  643348 E 1007446 N 
LG. 5. La Laguna Marsh 628115 E 1000704 N 
LG 6. Paraíso-Pedro Miguel 652103 E 997051 N 
LG 7 Buoy 11 618089 E 1020640 N 
 LG 8 Buoy 82 641627 E 1007276 N 
LG 9 Buoy 67 633241 E 1006804 N 

Lake Gatun Tributaries 
TG-1 Honda Creek 647395 E 1014945 N 
TG-2 Agua Salud River 633581 E 1017179 N 
TG-3 Trinidad River at the El Chorro Station 613138 E 993931  N 
TG-4 Mandinga River 643700 E 1003641 N 
TG-5 Ciri River at the Los Cañones Station 603064 E 989270 N 

Miraflores Lake 
LM. 23: Miraflores Tripartita 653526 E 996004 N 
LM. 24: Cocolì Wetland 654074 E 994585 N 

Miraflores Lake Tributaries 
TM-1 Tributary Without Name 652537 E 992770 N 
TM-2  Rio Cocoli, Aguas Arriba 652962 E 994323 N 

LG: Gatun Lake; LM: Miraflores Lake; TG: Gatun Lake Tributary;  TM: Miraflores Lake Tributary. 
Source: University of Panama and Panama Canal Authority, 2004.  Biological Inventory of Lakes Gatun and Miraflores. 

  Additional sites were selected by URS. 
 
2.2 FLORA SAMPLING PROGRAM 
 
The following section present the relevant components of the proposed flora sampling plan.  
It has been divided into two main portions, phytoplankton sampling and macrophytes 
sampling.  For each main component the sampling and laboratory procedures, monitoring 
frequency, data presentation and analysis and reporting requirements are presented.  
 
2.2.1 Phytoplankton 
 
Before beginning the sample collection, relevant information - such as coordinates, climatic 
conditions, wind direction and flow rate condition are to be gathered if a tributary is to be 
monitored.  Also, the information on the distance between the sampling point and the river 
mouth shall be recorded.  According to some authors, the monitoring must be performed at 
midday in order to attain optimum transparency. (Findlay, 2001) 
 
The phytoplankton species of continental fresh water bodies, such as lakes and reservoirs, are 
mostly cosmopolitan, and are mainly constituted by diatoms, dinoflagellates, blue-green 
algae, and green algae (González de Infante, 1988). 
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The main objective of the methodology presented below is to determine, through different 
sampling techniques (both quantitative and qualitative techniques), the relative abundance, 
composition, and identification of the phytoplankton species in the waters of the Gatun and 
Miraflores lakes and the tributaries selected for this long-term monitoring program. When 
monitoring tributaries, the same methodology proposed for the lakes shall be used, and the 
site conditions, such as distance to the shore, depth, currents, flooding, etc., are to be taken 
into account. 
 
2.2.1.1 Sampling Procedure 
 
The following section presents the sampling procedures for the use of sampling bottles and 
phytoplankton nets.  The sampling net (qualitative method) will yield presence / absence 
information and can aid in the identification of rare species, but is not appropriate for accurate 
counting or biomass estimates.  Numerous species or individuals can pass through even small 
mesh sizes, the net can disrupt colonies, and some fragile species may burst from excessive 
pressure.  However, qualitative samples are excellent for taxonomic surveys because of the 
large number of specimens collected.  For the purposes of this monitoring program, 
quantitative sampling is recommended as the principal methodology, however qualitative 
sampling is also presented as an alternate method as well as to obtain taxonomic information 
for comparison purposes.   
 
2.2.1.1.1 Sampling Bottle (Quantitative) 
 
The first step in sampling for phytoplankton will be the determination of the euphotic zone, 
defined as the maximum depth at which surface light is attenuated at 0.5%; it has been shown 
that 0.5% is the minimum light level required for photosynthesis (Findlay, 2001).  This may 
be determined using a secchi disk.  Using a sampling bottle (Van Dorn or Niskin type), 500 
ml of water shall be collected at the bottom, middle and top of the euphotic zone to create a 
composite sample of water.  Samples shall be taken in triplicate in each sampling station. The 
sampling bottle shall be shaken so that the sample becomes homogeneous, and then the 
samples shall be poured into labeled flasks bearing the information corresponding to the 
collection. Such information shall include the date, station, depth, sample ID, and sampler's 
name.  
 
In order to preserve the samples, 2 to 3 drops of a Lugol's solution (0.05-1%) shall be added 
to preserve Crysophyta, then, 2% FAA (formol-acetic acid) shall be added to preserve the 
color of green algae, cyanophyta and Dinoflagellates if the samples are stored in the darkness 
(Findlay, 2001).  
 
The labeled containers are to be stored avoiding any contact with direct sunlight. Therefore, 
they shall be placed in a cooler or any special container for transport to the laboratory, where 
the microscopic analysis shall be performed. 
 
In order to obtain more information on the collection methods and equipment, see the works 
by Findlay (2001), Acker (2002) and chapter 7 of Monitoring and Assessing Water Quality 
(EPA, 2003) provided as attachments. 
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2.2.1.1.2 Phytoplankton Nets 
 
There are several sizes and types of phytoplankton nets available in the biological instruments 
catalogs. However, for this work, the use of plankton net, about 1.5 meters long, with a 30-cm 
diameter mouth and an 80 micron-mesh opening, preferably with a built-in flow meter, is 
recommended.  
 
In order to collect the samples with this technique, an outboard motor boat is required for 
horizontal tow in the water column.  The boat shall be maintained in a straight line, and at a 
constant speed (less than 2 knots), for approximately 10 minutes.  The tow sampling in each 
station or sampling area shall be in triplicate. 
 
After the tow, the net will be rinsed to collect all organisms at one end and introduce them 
into a container.  The resulting solution (phytoplankton + rinse water) shall be placed in a 
labeled 200-ml glass or polyethylene container, which shall be preserved, as previously 
indicated.  Afterwards, the containers with the samples shall be transported to the laboratory 
for identification and analysis. 
 
2.2.1.2 Laboratory Procedure 
 
The counting method mainly involves taking a sub-sample of a known volume (10 ml) of the 
homogenized concentrate of the samples collected. This sub-sample shall amount to one 
milliliter (1ml.), and shall be placed with a dropper or specially graded pipette in a 
Sedgewick-Rafter counting cell.  
 
In order to count the plankton cells, a mechanical microscope with a 15 x eyepiece shall be 
used; it should have a built-in micrometer and an objective lens with a magnification of at 
least 10 x. 
 
After filling the cell with a sub-sample, the latter is placed under the microscope and a field 
shall be selected at random so as to identify and count the organism which are within the 
eyepiece grid. 
 
Once this is done, the samples shall be preserved in case a taxonomic check is required or for 
further studies. For the identification of phytoplankton, the works by Dillard, (1989; 1990; 
1993; 2000); Ostenfeld & Nygaard (1925), Prescott (1936;1951;1955; 1973) and Castillo & 
Robles (1991) are recommended. 
 
After identifying and counting the algae present in the samples, the number of cells per cubic 
meter shall be calculated and extrapolated to the units sought, whether through the use of the 
volume of water filtered through the net in cubic meters or through the volume obtained in the 
collecting bottles.  When fragments or broken filaments are found, they should be counted as 
a unit as long as the cells are complete. To avoid any mistakes in the cell count, the use of a 
manual counter is recommended. 
 
The averaged data of the count, per technique, shall be kept in a log, and then transferred to 
electronic data sheets or to a data base which shall include the following records: station, 
sampling date, date of laboratory analysis, number of cells per m3 , volume of water filtered 
through the net or volume taken from the sampling bottle, etc.(See Tables 2-1, 2-2 and 2-3 in 
the attachments). 
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2.2.1.3 Sampling Frequency 
 
To determine the baseline, the monitoring must be performed at the beginning and at the end 
of the dry and rainy seasons during 1 or 2 years; thereafter, the monitoring must be performed 
twice a year until construction is completed. If there are variations in the populations, the 
need to increase the sampling frequency should be assessed. During the first year of 
operation, he sampling frequency will be the same as during the baseline. Monitoring after the 
first year of operation will be performed twice a year (see tables 2-10 and 2-11). 
  
2.2.1.4 Data Presentation and Analysis 
 
On the basis of the separate sampling data obtained with the sampling bottle and the 
phytoplankton net, a list of species per station shall be drawn. This list shall include the 
average phytoplankton density, expressed in number of individuals / ml. The data per group 
or species shall be presented in the form of tables and graphs for easy handling (Table 2-2 in 
the attachment). Once all the data is obtained, some indexes shall be calculated which shall 
then be used for comparisons between stations.  To that end, the Shannon & Wiener diversity 
index (H), the richness species or Simpson index (D) and biological equity, may be used 
among others (See Table 2-6 in attachments). 
 
2.2.1.5 Report Submittal and Content 
 
The progress reports or reports shall be presented every six months.  They shall include: (1) 
Executive Summary, (2) Introduction or Background Information, (3) Sampling Objectives, 
(4) Collection Methods, (5) Results Obtained (list of species, tables and comparative graphs), 
(6) Analysis of the Results, (7) Recommendations, and (8) Bibliography. 
 
2.2.2 Macrophytes 
 
Due to the reproduction capacity, seasonality and species diversity of aquatic macrophytes, 
they represent one of the most essential aquatic components for maintaining the ecological 
balance of continental waters, such as lakes and reservoirs. 
 
Many macrophytes species provide shelter and food to fish and invertebrates, which have 
economic and ecological significance, specially when considering fishing and public health 
issues. 
 
The objective of the monitoring of aquatic macrophytes is, among others to determine the 
distribution, abundance and composition of macrophytes (whether emergent, floating or 
submerged macrophytes) in the lakes. 
 
2.2.2.1 Plot Sampling System 
 
To estimate the distribution and relative abundance of aquatic macrophytes (submerged, 
floating and marginal macrophytes), there is no defined methodology since many of them do 
not have a defined pattern, as terrestrial plants, and undergo constant changes due to climatic 
factors, such as winds and storms. 
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For these reasons, it will be necessary to select 100 m2 quadrants (10 m x 10 m each) in the 
sampling stations. Marking their center coordinates with GPS shall identify these quadrants.  
These quadrants shall cover the shores and shallow waters. 
 
Once the sites are selected, visual inspections shall be performed in row boats, and several 
transepts shall be marked within each quadrant.  In each transept, all macrophytes (floating, 
submerged, marginal, etc.) shall be identified, and their relative abundance, species 
dominance, seasonality, etc. shall be estimated. 
 
All the information shall be recorded in a field log, and then transferred to electronic data 
sheets or a data base. 
 
In order to identify the species, the publications by D’Arcy, (1987); Tarver (1986);  Von 
Chong, (1986) y Gutiérrez et.al (1995), Mendoza & González.( 1991); Godfrey & Wooten 
(1979) may be followed.  
 
2.2.2.2  Sampling Frequency 
 
To determine the baseline, the monitoring must be performed at the beginning and at the end 
of the dry and rainy seasons during 1 or 2 years; thereafter, the monitoring must be performed 
twice a year until construction is completed. If there are variations in the populations, the 
need to increase the sampling frequency should be assessed. During the first year of 
operation, he sampling frequency will be the same as during the baseline. Monitoring after the 
first year of operation will be performed twice a year (see tables 2-10 and 2-11). 
 
2.2.2.3  Data Presentation and Analysis 
 
Once the data is gathered, a list of species shall be drawn out, and the frequency and relative 
frequency of the aquatic macrophyte species found in each sampling station shall be included 
in tables (Table 2-4 in attachments).  Once all the data is averaged, some indexes shall be 
calculated which shall then be used for comparisons between stations.  The Shannon & 
Wiener diversity index (H'), the richness species or Simpson index (D') and biological equity, 
may be used, among others (See Table 2-6 in attachments). 
 
2.2.2.4  Report Submittal and Content 
 
The progress reports must be submitted every six months. It shall include: (1) Executive 
Summary, (2) Introduction or Background Information, (3) Sampling Objectives, (4) 
Collection Methods, (5) Results Obtained (list of species, tables and comparative graphs), (6) 
Analysis of the Results, (7) Recommendations, and (8) Bibliography. 
 
2.3 FAUNA SAMPLING PROGRAM 
 
The following section presents the relevant components of the proposed fauna-sampling plan.  
It has been divided into four main portions, zooplankton, benthos, fish and macro 
invertebrates sampling.  For each main component the sampling and laboratory procedures, 
monitoring frequency, data presentation and analysis and reporting requirements are 
presented. 
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2.3.1 Zooplankton 
 
Another fresh water community of great relevance and significance for tropical aquatic 
ecosystems is the zooplankton (animal plankton) which is made up by several taxonomic 
groups with well marked morphologies, reproduction strategies and feeding habits, which 
thus constitute the first trophic level of the marine and fresh water food chain. 
 
The following sections present the proposed methodology to determine their relative 
abundance as well as the composition of the species present in the fresh water zooplankton of 
Gatun and Miraflores lakes. 
 
2.3.1.1 Collection and Processing of Zooplankton 
 
Similarly to the phytoplankton, there are several methods to collect zooplankton samples, 
such as collection in sampling bottles and the use of a suction pumps. 
 
These methods provide, to a greater or lesser degree, the quantitative and qualitative 
information necessary for numerical comparisons among the populations of this zoological 
group.  The most widely used, and most often referred to method in the literature is the use of 
plankton net. 
 
However, it is not possible to use the plankton nets in marginal or coastal areas, where the 
aquatic - submerged and marginal - macrophytes provide shelter and food to a highly 
significant zooplankton community, which is difficult to reach.  That is why; the sampling of 
the coastal areas should be made with a suction pump. 
 
The following sub-sections explain the two techniques that will be useful for our purpose, 
namely the plankton net and the suction pump.  
 
2.3.1.2 Field Methods 
 
2.3.1.2.1 Plankton Net 
 
Once the work area is selected, the zooplankton organisms shall be collected with a 120-
micron mesh. 
 
This net will be used for surface horizontal tows of the corresponding water column for 10 
minutes using an outboard motor boat. Like with phytoplankton, the samples must be 
obtained in triplicate. 
 
When towing the net, the areas close to the littoral should be avoided; therefore collection 
should be performed at least 50 m away from the shore to prevent aquatic weeds or 
submerged logs from obstructing the net. 
 
After the tow, the net will be rinsed to collect all organisms at one end and introduce them 
into a container.  The resulting solution (phytoplankton + rinse water) shall be placed in a 
labeled 200-ml glass or polyethylene container.  These containers shall be adequately labeled 
with all information related to the stations, such as location, date, time of collection, samplers, 
etc. 
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Before preserving the sample obtained, carbonated water is added (some use Club Soda or 1/3 
of an antacid tablet) to the sample to assist in the deposition of the organisms and to avoid the 
deterioration of the calcareous exoskeleton by using a fixation agent, such as formalin. 
 
Sometimes, some plankton organisms, such as cladocera, stay afloat on the water surface 
film; therefore, it would be convenient to add 2 drops of detergent to help to their settling. 
Once the samples are obtained, they must be preserved in 75% ethanol or in 2% formaline 
solution, and they must be taken to the lab for their processing. 
 
2.3.1.2.2 Suction Pump 
 
About 40 liters of water should be suctioned in the littoral area with a mechanical suction 
pump at different depths - ranging between 0.6, 1.2, and 2 m from the water surface. This 
water shall go through the 80-micra mesh plankton net to help concentrate the plankton 
organisms. 
 
After this sieving, the organisms obtained at each depth shall be transferred to a polyethylene 
bottle or container with screw cap or to a glass bottle with a round glass plug, making sure 
that all containers have a capacity larger than the collected volume. The water samples must 
be collected in triplicate in each sampling station. 
 
The containers to be used shall be identified with the information corresponding to the sample 
collection, including date, station, and depth, to avoid any confusions in the lab. 
 
Before preserving the sample obtained, carbonated water shall be added, as indicated above, 
and if any organism stays afloat in the water film, some detergent drops shall be added as 
indicated above. 
 
Once the samples are obtained, they must be preserved in 75% ethanol or 2%-10% formalin 
solutions, and they must be taken to the lab for processing. 
 
2.3.1.3 Laboratory Procedure 
 
The samples collected must be concentrated to a 10 ml volume to standardize the reference 
volume during counting. The samples obtained with each method must be processed 
separately. 
 
Out of this 10 ml of concentrated and homogenized zooplankton, a 1-ml sub-sample shall be 
taken with a pipette or special dropper. The sub-sample is then placed in a Sedgewick-Rafter 
counting cell, and covered with a cover slip. 
 
This counting cell shall be placed under the microscope, and the zooplankton components 
shall be counted and identified with low magnification, sufficient enough to identify the 
collected specimens. For this counting, the same technique described for phytoplankton shall 
be used. 
 
All organisms collected must be identified at the highest taxonomic level possible using 
pictorial and descriptive keys which are present in some publications such as: Ward & 
Whipple (1966); Edmondson (1959), Needham & Needham (1978) and Pennak (1978), which 
contain a detail of the main groups of fresh water microscopic invertebrates. 
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When counting organisms, all immature organism forms of the groups, mainly rotifers, 
copepods, cladocera, ostracods, shall be taken into account. In order to obtain a statistically 
valid count, a total of 100 individuals should be quantified in each sub-sample. In order to 
avoid any mistakes during counting, a manual counter should be used. 
 
When finishing the count, the cell must be emptied, rinsed carefully, and the samples tested 
should be placed in the original container. Once the lab stage is completed, the samples must 
be preserved for further analysis in case any scientific authority wants to check the results of 
these studies. 
 
If the zooplankton sample is to be stored for a long time, some glycerin should be added to 
the alcohol or formaline solution chosen. 
 
2.3.1.4 Sampling Frequency 
 
To determine the baseline, the monitoring must be performed at the beginning and at the end 
of the dry and rainy seasons during 1 or 2 years; thereafter, the monitoring must be performed 
twice a year until construction is completed. If there are variations in the populations, the 
need to increase the sampling frequency should be assessed. During the first year of 
operation, the sampling frequency will be the same as during the baseline. Monitoring after 
the first year of operation will be performed twice a year (see tables 2-10 and 2-11). 
 
2.3.1.5 Data Presentation and Analysis 
 
Once the sampling data is obtained, a list of species per station shall be drawn out, and 
similarly the zooplankton density shall be presented in tables, which shall express the density 
in numbers of individuals / L, and they must be averaged according to depth.  The data for the 
groups or species shall be presented in tables and graphs for easy handling (Table 2-3 in 
attachments).  Once all the data is obtained, some indexes shall be calculated which shall then 
be used for comparisons between stations. To that end, the Shannon & Wiener diversity index 
(H'), the richness species or Simpson index (D') and biological equity, may be used amongst 
others (See Table 2-6). 
 
2.3.1.6 Report Submittal and Content 
 
The progress reports must be every six months. It shall include: (1) Executive Summary, (2) 
Introduction or Background Information, (3) Sampling Objectives, (4) Collection Methods, 
(5) Results Obtained (list of species, tables and comparative graphs), (6) Analysis of the 
Results, (7) Recommendations, and (8) Bibliography. 
 
2.3.2 Benthos 
 
The main purpose for monitoring the benthos is to determine the abundance, relative 
abundance, biomass, as well as the composition of the species present in the benthos or 
bottom of the Gatun and Miraflores lakes. 
 
In order to sample the benthos or fauna at the bottom of lakes or reservoirs, special 
equipment, such as dredges are required. They are available in different shapes and sizes, 
being the Ponar dredge one of the most widely used. 
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2.3.2.1 Collection and Processing of Benthos 
 
In order to obtain samples of the benthos, a manual 15 x 15 cm Ponar dredge should be used 
for a 0.02 m2 coverage area. Due to the capacity of the dredge, it should be thrown five times 
at each site, and then the four best samples shall be chosen. With this procedure, it will be 
possible to cover an area of approximately 0.1 m2. The benthos samples must be taken in each 
sample station in triplicate. 
 
2.3.2.1.1 Field Methods 
 
Before beginning the sampling, the bottom area should be scanned with a scanner probe, or 
through snorkeling since the area must be free from submerged logs or rocks, which could 
hinder the dredging. 
 
Samples must be taken at depths lower than three meters, since previous studies have shown 
that most of the fauna of the littoral and deep areas are basically the same (Gutiérrez et. al 
1995); therefore, it is not necessary to devote efforts to the deep areas of the lakes. 
 
Once the topography of the lake bottom is confirmed, the dredge should be thrown, making 
sure that both grabs are opened, with their corresponding safety screw. 
 
After this routine, it shall be thrown vertically in order to attain a free fall to the bottom. 
When touching the bottom, it shall be pulled slightly to ensure its closure, and then the 
equipment must be lifted to the boat deck. 
 
When the dredge is about to reach the water surface, it shall be lifted quickly and the material 
collected must be poured into a plastic tank or container, big enough to discharge the dredge 
grabs. Additional information is provided about the different dredge and grabs type and its 
combinations to use. 
 
To remove unwanted sediments, all collected material shall be diluted with lake water that has 
been previously filtered, with a 35-micra mesh sieve.  The resulting diluted sample will be 
stirred and filtered with a N°18 sieve (1 mm openings).  The material retained in the sieve 
shall be placed in transparent polyethylene plastic bags. 
 
After finishing this procedure, a label including information on the station and sample ID 
shall be placed on each one of the plastic bags.  These samples shall be preserved in a 5% 
formaline solution and a 2% Rose Bengal solution is added. 
 
The Rose Bengal solution is a biological stain used to color the tissues of the organisms 
collected and it facilitates the separation of the sediment grains retained. After this, the 
samples shall be transported to the lab to continue their processing. 
 
2.3.2.1.2 Laboratory Procedure 
 
All the samples shall be sieved with a metal sieve.  Sediment analysis sieves are 
recommended since they are arranged one over the other, thus facilitating the sieving and 
cleaning.  In this case, the sieves must have a 2 mm and 1 mm mesh opening. 
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The field sample shall be placed over the 2 mm sieve, which in turn shall be mounted over a 1 
mm sieve, and a white enamel tray shall be placed under them to wash them with abundant 
tap water. 
 
The macrofauna, or the fauna that may be observed at bare sight which is retained in the 
upper sieve must be collected with pliers while plant residues (leave pieces, wood debris, 
stones, etc.) is separated from the material retained in the 1 mm sieve. This material is placed 
on an enamel white tray to continue with the separation of smaller animals. 
 
In order to speed up the recovery of the captured organisms, a solution saturated in kitchen 
salt may be used since it makes them float. To ensure the collection of all animal material, the 
samples should be rinsed several times to make sure that there are no organisms left for 
extraction, then the litter shall de discarded. The period for sample testing should range 
between 20 and 25 minutes. 
 
The benthic material of each sample must be identified at the highest taxonomic level 
possible, and shall be counted with the aid of a stereomicroscope; however, some groups of 
invertebrates, such annelids, nematode, etc., shall be identified at the level of Phyllum or 
class. The data obtained must be recorded in a field log, and then transferred to electronic data 
sheets or a database. 
 
The benthic organisms may be recognized with the aid of some keys available in the 
publications by Edmondson (1959); Usinger (1956); Merrit &Cummins (1996);  Pennak 
(1978).    
  
After counting the samples, they must be stored in 75% ethanol in glass flasks or vials, duly 
equipped for further study or to check the species that may present problems in their 
taxonomy. 
 
2.3.2.2 Sampling Frequency 
 
To determine the baseline, the monitoring must be performed at the beginning and at the end 
of the dry and rainy seasons during 1 or 2 years; thereafter, the monitoring must be performed 
twice a year until construction is completed. If there are variations in the populations, the 
need to increase the sampling frequency should be assessed. During the first year of 
operation, the sampling frequency will be the same as during the baseline. Monitoring after 
the first year of operation will be performed twice a year (see tables 2-10 and 2-11). 
 
2.3.2.3 Data Presentation and Analysis 
 
Once the sampling data is obtained, a list of species per station shall be drawn out, and 
similarly the density shall be presented in tables, which shall express the density in numbers 
of individuals / m2, biomass per group, and they must be averaged per station. The data for the 
groups or species shall be presented in tables and graphs for easy handling. Once all the data 
is obtained, some indexes shall be calculated which shall then be used for comparisons 
between stations. To that end, the Shannon & Wiener diversity index (H'), the richness 
species or Simpson index (D') and biological equity, may be used among others (See Table 2-
6 and 2-7 in attachments). 
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2.3.2.4 Report Submittal and Content 
 
The progress reports must be submitted every six months. It shall include: (1) Executive 
Summary, (2) Introduction or Background Information, (3) Sampling Objectives, (4) 
Collection Methods, (5) Results Obtained (list of species, tables and comparative graphs), (6) 
Analysis of the Results, (7) Recommendations, and (8) Bibliography. 
 
2.3.3 Fish 
 
The main purpose when monitoring fish is the qualitative and quantitative sampling of the 
composition, abundance, and species diversity of marine and fresh water fish inhabiting the 
Gatun and Miraflores lakes. 
 
2.3.3.1 Fish Collection and Processing 
 
In each station selected, the specimens shall be captured through a series of methods, among 
them, experimental gill nets (quantitative method), trawl nets, cast nets, and hand nets 
(qualitative method). 
 
2.3.3.1.1 Experimental Gill Nets  
 
For quantitative capture of fish, experimental gill nets shall be used. These nets shall be 100-
m long and with a height from the buoy line to the plumb line of approximately 2 m. 
 
These experimental nets shall have cloths, approximately 12.5-m long, with different mesh 
sizes (3, 4, 5, 6, 7, 8, 10 y 15 cm), so as to capture a larger variety of fish sizes. 
 
In each sampling station, the gill nets shall be cast, placing the smaller mesh towards the 
shores and trying to cover several habitats of the sampling area.  When placing the nets, a 
minimum distance of 100 meters shall be maintained between each mesh set. Additional 
information is presented in attachment from the U.S. Geological Services. 
 
The nets shall remain in the water for a minimum of 12 hours and a maximum of 24 hours, 
preferably during night hours, and after this period, the fish caught per station shall be picked 
and packed in ice for transport to the laboratory. Samples must be collected in triplicate.  
 
2.3.3.1.2 Collection Methods with Trawl Nets and Cast Nets  
 
A shore or beach shall be located in the sampling station for sampling (three casts or trawls) 
with a 30-m long, 2-m high and 1.5 mesh trawl net.  Similarly, in shallow areas, free from 
logs and waterweeds, the 2-m diameter, 2.5-cm mesh cast net will be cast three times. 
 
The qualitative data obtained with these methods will be used to obtain complementary 
information on the population of young fish, those in reproduction, or of some 
macroinvertebrates in the area. The catch with both methods shall be stored in ice, in their 
corresponding plastic bags for laboratory processing. 
 
The samples must be identified at the species level, using the keys from publications by Allen 
& Robertson (1998); Bussing (1998), Breder Jr., C.M. 1944., Fischer (1978); Fisher et. al 
(1995 a,b); Meek & Hildebrand (1916); Meek & Hildebrand (1923, 1925, 1928). 
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2.3.3.2 Sampling Frequency 
 
To determine the baseline, the monitoring must be performed at the beginning and at the end 
of the dry and rainy seasons during 1 or 2 years; thereafter, the monitoring must be performed 
twice a year until construction is completed. If there are variations in the populations, the 
need to increase the sampling frequency should be assessed. During the first year of 
operation, the sampling frequency will be the same as during the baseline. Monitoring after 
the first year of operation will be performed twice a year (see tables 2-10 and 2-11). 
 
2.3.3.3 Laboratory Procedure 
 
All fish caught with both methods shall be identified at the level of the species, measuring 
their total and standard length (in mm), with the aid of a fishmeter, and weighed (in grams) 
with digital or spring scales. 
 
Some of the field samples shall be kept for reference, therefore, those selected shall be labeled 
and stored in transparent plastic bags containing 10% formaline, and after 15 days, they shall 
be washed and transferred to 70% ethanol for final preservation. 
 
The quantitative and qualitative information obtained must be recorded in field notebooks or 
logs, and then transferred to electronic data sheets or databases. 
 
2.3.3.4 Data Presentation and Analysis 
 
Once the averaged sampling data is obtained, a list of species per station shall be drawn out, 
and similarly the relative abundance per species, biomass, and frequency of appearance of 
species in the stations shall be presented in tables. 
 
The density shall be expressed in numbers of individuals / m2, or individuals caught per night, 
or individuals per cast, and they must be averaged per station. The data for the groups or 
species shall be presented in tables and graphs for easy handling. Once all the data is 
obtained, some indexes shall be calculated which shall then be used for comparisons between 
stations. The Shannon & Wiener diversity index (H'), the richness species or Simpson index 
(D') and biological equity, may be used among others (See Table 2-6 and 2-8 in attachments). 
 
2.3.3.5 Report Submittal and Content 
 
The progress reports must be every six months. It shall include: (1) Executive Summary, (2) 
Introduction or Background Information, (3) Sampling Objectives, (4) Collection Methods, 
(5) Results Obtained (list of species, tables and comparative graphs), (6) Analysis of the 
Results, (7) Recommendations, and (8) Bibliography. 
 
2.3.4 Macroinvertebrates (Crustacean and Mollusks) 
 
The purpose of macroinvertebrate sampling is to determine the relative abundance and 
composition of the populations of decapods crustacean and some mollusks (snails) in lakes 
and reservoirs that will lead to a better knowledge and understanding of this aquatic fauna. 
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2.3.4.1 Collection and Processing of Macroinvertebrate (Crustacean and Mollusks) 
 
Depending on the characteristics of the area, such as depth, floating or submerged water 
weeds, shores, rocks, etc, different fishing tackle shall be used for the collection of the main 
benthic macroinvertebrate (crustacean and mollusks), such as hand nets (qualitative) and 
passive sampling quantitative techniques, such as traps, better known as minnow traps. 
 
2.3.4.1.1 Collection Methods with Traps 
 
In order to capture the macroinvertebrate, handcrafted traps or metal traps should be used, 
such as the well-known minnow traps or hoop nets, which come in different sizes. 
 
Bait shall be placed in these traps, preferably, meat, animal gut or plants in decomposition, 
and the traps shall then be thrown in different zones of the sampling areas. 
 
They shall remain at least one night in the water, and after this time, they shall be checked and 
the animals caught will be collected and preserved in transparent plastic bags, containing 5% 
formalin solution for their analysis at the lab. 
 
On the other hand, a sampling shall be performed with fine mesh hand nets among the weeds 
in the littoral area. The mollusks may also be manually collected. 
 
All the macroinvertebrate obtained with the traps and other fishing tackle must be identified, 
counted and weighed (g) using a digital scale. 
 
In order to identify the main types of macroinvertebrate in the samples, the works by  
Méndez (1981), Abele and Kim (1989), FAO Guidelines (1995); Olsson Rosewater, J. 1975ª ; 
Holthius (1952); Méndez (1981), and FAO Guidelines (1995) may be used . 
 
2.3.4.2 Sampling Frequency 
 
To determine the baseline, the monitoring must be performed at the beginning and at the end 
of the dry and rainy seasons during 1 or 2 years; thereafter, the monitoring must be performed 
twice a year until construction is completed. If there are variations in the populations, the 
need to increase the sampling frequency should be assessed. During the first year of 
operation, the sampling frequency will be the same as during the baseline. Monitoring after 
the first year of operation will be performed twice a year (see tables 2-10 and 2-11). 
 
2.3.4.3 Data Presentation and Analysis 
 
Once the data is obtained, tables indicating abundance, relative species abundance, and 
biomass of the main macroinvertebrate species collected per station shall be drawn out. The 
data shall be expressed per catch per night with traps, or individuals per trap - hours.  Once all 
the data is averaged, some indexes shall be calculated which shall then be used for 
comparisons between stations. To that end, the Shannon & Wiener diversity index (H'), the 
richness species or Simpson index (D') and biological equity, may be used among others (See 
Table 2-6 in attachments). 
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2.3.4.4 Report Submittal and Contents 
 
The progress reports must be submitted every six months. It shall include: (1) Executive 
Summary, (2) Introduction or Background Information, (3) Sampling Objectives, (4) 
Collection Methods, (5) Results Obtained (list of species, tables and comparative graphs), (6) 
Analysis of the Results, (7) Recommendations, and (8) Bibliography. 
 
2.4 MONITORING SCHEDULE 
 
To understand the monitoring/frequency proposed it is necessary to visualize the various 
stages or phases associated to the potential Panama Canal Expansion. For the purposes of this 
document, the following phases have been identified: 
 

• Baseline. This corresponds to the start of the monitoring plan for a period of up to 2 
years. 

• Pre-Construction. This corresponds to the period after the baseline and before the 
start of construction activities. 

• Construction This corresponds to the period when construction activities would take 
place. 

• Operation. This corresponds to the period following construction, when the lakes 
system could be influenced by an influx of saltwater. 

 
Given that each phase of the project is unique, the required monitoring frequency may be 
different as the project move forward. Tables 2-10 and 2-11 provide the monitoring 
schedule/frequencies for the phases/stages identified above. 

 
 
 

Table 2-10 
Bimonthly Schedule for Monitoring the Flora and Fauna of Lakes Gatún, and 

Miraflores and Tributaries. (Baseline and First Year of Operation) 
Gatún and Miraflores 
Lakes 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Phytoplankton  x  x     x  x   
Phytobenthos x  x     x  x   
Zooplankton x  x     x  x   
Benthos x  x     x  x   
Fish   x  x     x  x   
Macroinvertebrate x  x     x  x   
Aquatic macrophytes x  x     x  x   
 
MAIN TRIBUTARIES             
Benthos  x  x     x  x  
Fish  x  x     x  x  
Macroinvertebrate  x  x     x  x  
Aquatic insects  x  x     x  x  
Aquatic macrophytes  x  x     x  x  
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Table 2-11 
Schedule for the Monitoring of the Flora and Fauna During the Dry and Rainy Season 
in Lakes Gatún, and Miraflores, and Tributaries. (Pre-Construction, Construction and 

after First Year of Operation)  
 
Lakes Gatún and 
Miraflores 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Phytoplankton  x        x    
Phytobenthos x        x    
Zooplankton x        x    
Benthos  x        x   
Fish    x        x   
Macroinvertebrate  x        x   
Aquatic macrophytes x        x    
 
MAIN TRIBUTARIES             
Benthos x        x    
Fish  x        x   
Macroinvertebrate  x        x   
Aquatic insects x        x    
Aquatic macrophytes x        x    
 
2.5 COST 
 
The biennial cost for the determination of the baseline is estimated to be in the range of $ 
180,000; if it were performed in one year, the cost will be of around $ 90,000. On the other 
hand, if an annual monitoring program with two monitoring campaigns per year were 
established, the cost would be of about $ 45,000. (Column 4, Table 2-1) 
 
It should be pointed out that these costs must be reviewed in the future since they correspond 
to those submitted by the University of Panama for the execution of the Biological Inventory 
in 2004. Besides, these prices do not include the logistics costs paid by the ACP for said 
inventory. 
 
It is advisable for the personnel of the Water Quality Unit to be incorporated to the baseline 
survey so that they are trained in the collection methods and laboratory procedures. This will 
make it possible to resume the monitoring of the indicative species and shall translate into a 
cost reduction. 
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Table 2-1 
Estimated Costs for the Monitoring of the Flora and Fauna within a One Year Period. 

 
1 2 3 4 5 

Cost per  No. of Cost per Sampling Cost Annual 
Description Sampling Site Sampling Points  Campaign2 per Season1 Cost 

Phytoplankton 2503 18 4,500 9,000 18,000 
Zooplankton 2503 18 4,500 9,000 18,000 
Benthos 2503 18 4,500 9,000 18,000 
Macroinvertebrates 2503 18 4,500 9,000 18,000 
Fish 2503 18 4,500 9,000 18,000 
Total  1,250.00  18    22,500.00      45,000.00   90,000  
1: It refers to the cost per dry and rainy season. 2: Two sampling campaigns per climatic season have been proposed. 
3: Costs submitted by the University of Panama to ACP. 
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3.0 ORGANIZATION / STAFFING 
 
Due to the large number of stations and size of the work to be performed, in order to attain the 
objectives sought, URS considers necessary to establish a strategy or guidelines.  Most of the 
recommendations deal primarily with the organizational aspects of the program, and are 
summarized below: 
 

• This project must have an office or a building where the specialized personnel, 
laboratories and the working team are to be gathered. It must also have a secretary and 
furniture, such as computers, printers, etc. to ensure the efficiency and speed of the 
tasks to be carried out under the monitoring program.  A suggested organization 
scheme, taking into account the existing organizational structure of ACP is presented 
as an Attachment. 

 
• Highly specialized human resources, dedicated to the program on a full-time basis, 

will be required for the successful implementation of the program.  This includes a 
coordinator, as well as field technicians and office staff (see organizational chart 
provided as an attachment).  In addition, the internal coordination with other units that 
may provide services to the program must be procured efficiently and planned for 
ahead of time.  

 
• As mentioned above, the project must have a general coordinator (water biologist, 

with experience related to the flora and fauna of continental waters and reservoirs) 
who shall be in charge of the project and the one directly responsible for the program.  
This person must have the ability to report and present data efficiently and clearly as 
well as to coordinate with other departments and personnel to be able to execute the 
field, laboratory and office work. 

 
• The general coordinator shall be in charge, among other tasks, of coordinating the 

monitoring, follow up and maintenance of the necessary equipment before and after 
the sampling, and of supervising the scientific and technical personnel of the project. 
Similarly, he/she shall be responsible for the correct and timely analysis and report of 
the results obtained, and may timely recommend amendments to the designs and 
methods used in the execution of the project and should be ready to report and aid in 
the correction of the limitations, which may eventually arise in this process. 

 
• For the execution of the field tasks (collection and preservation), as well as the 

identification, separation, counting and analysis of the samples, in the lab, it will be 
necessary to have a work team made up of biologists and lab technicians qualified or 
with proven experience in the areas of limnology, aquatic botany, hydrobiology or 
aquatic sciences, and who should have preferably worked in monitoring projects or 
similar scientific studies, in any of the above-mentioned fields. 

 
• In regards to fauna, the work team shall be made up of a zoologist and two assistants, 

who will be in charge of all issues related to the fauna (zooplankton, fish, benthos, 
macroinvertebrate, and aquatic insects). All members of this team shall have 
experience or should have worked in some of these research fields. 

 
• In regards to botany, the team shall also be made up of a botanist (preferably with 

experience in aquatic macrophytes or phytoplankton) and two field and lab assistants 
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who shall be in charge of issues related to the flora (phytoplankton, phytobenthos, and 
aquatic macrophytes) related to the sampling. 

 
• The mission of both groups shall be to ensure the collection and processing of the 

samples, sample logistics, and the systematic and timely execution of the sampling 
and monitoring tasks. 

 
• Also, the primary mission of the zoologist and of the botanist shall be to keep an 

updated data base, present partial timely reports of their topics, and establish 
permanent communications with the national research organizations, such as the 
University of Panama, the Technological University and the Smithsonian Institute, or 
any other foreign institute interested in these issues. 

 
• It is necessary to point out that the samples taken during the execution of the project 

must be preserved either in reference collections or in special deposits, so that they 
may be used in the future. Also, some of them should be given as a donation to the 
reference collections of institutions such as the University of Panama and the 
Smithsonian Institute. 

 
 



 
 
 
 
 
 
 
 
 
 
 
 
 

Basin Management section

Office of the 
Administrator 

Department of Security 
And Environment 

Division of Environmental 
Administration

Water Quality Unit 
Coordinator of the Flora Monitoring Program and Fauna 

(Specialist in Aquatic Biology) 
Functions:  
-To coordinate the monitoring with the other units 
 -Supervision of the personnel of Field and Laboratory  
-To coordinate the orders of teams and other supplies.   
-To coordinate the elaboration of the reports- 

- Zoologist  
- Botanist 
 - Field Assistant   
Functions:  
- To prepare the team of field 
 - To organize the tours 
 -To take the data of field  
- Identificación taxonómica  
- Preparation of report 

Personnel of Field and Analysis 

- 1 laboratory chief 
- 2 technical assistants 
 Functions:  
- Prosecution and preparation of    

the samples.  
 - Taxonomic identification of the 

samples

Laboratory 

- Logistic for transportation 

Unit of Operations 
 
- Preparation of maps  
- Management of data 

Unit of Remote Sensors
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