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Waterbodies in Puerto Rico are constantly threatened by the introduction, establish-
ment and spread of aquatic weeds. Their introduction is promoted by the aquarium and 
horticultural trade, as well as by travel and commerce via air and marine transporta-
tion. Once introduced, their dominance limits recreational use of waterbodies, and man-
agement operations in reservoirs used for potable water and flood control deteriorate. 
In Puerto Rico, the problem has worsened because of limited citizen awareness, wrong 
public perception of available management techniques and eutrophic man-made water 
bodies serving as suitable habitat for aquatic weeds. Currently the most troublesome 
aquatic weeds in Puerto Rico are waterhyacinth (Eichhornia crassipes), waterlettuce 
(Pistia stratiotes), alligatorweed (Alternanthera philoxeroides), hydrilla (Hydrilla verti-
cillata) and giant salvinia (Salvinia molesta) (Robles, 2011). During the 1970s, botanists 
from the US Army Corps of Engineers (USACE) recognized the problem that water-
hyacinth, waterlettuce and alligatorweed represented to several waterbodies in Puerto 
Rico (Gangstad, 1977; Rushing, 1974). Waterhyacinth and waterlettuce are free-floating 
aquatic weeds well established in such reservoirs as La Plata, Guayabal and Carraízo, 
and Cartagena Wildlife Refuge in Puerto Rico (Robles, 2011). Alligatorweed has been 
observed in many water bodies and drainage canals; however, its area of infestation 
has decreased due to successful biocontrol agents (Robles, 2011). Recent introductions 
of the submersed aquatic weed, hydrilla, and the aquatic floating fern, giant salvinia, 
are limited to a few locations in northern Puerto Rico (Robles, 2011). All five aquatic 
weeds cause negative ecological and economic impacts to water supply reservoirs, irriga-
tion and drainage canals, private ponds, as well as estuaries and freshwater wetlands 
used as wildlife refuges (Robles and González, 2010). Specifically, waterhyacinth causes 
problems in the operation of hydroelectric plants, clogging dams and pumping facilities 
of aqueducts and sewer operations (Rushing, 1974; Gangstad, 1977). Other troublesome 
weeds like the facultative wetland species catclaw mimosa (Mimosa pigra) are wide-

1Manuscript submitted to Editorial Board 14 June 2019.
2Funding provided by the United States Army Corps of Engineers, Engineer Research 

and Development Center, under Award Number W912HZ-13-D-0001, ERDC-UPRM Ed-
ucation and Research Program.

3*Professor, Department of Agro-environmental Sciences, University of Puerto Rico, 
Agricultural Experiment Station, Mayagüez Campus. Corresponding author, E-mail: 
wilfredo.robles2@upr.edu.

4Former undergraduate student from the Department of Agro-environmental Sci-
ences, University of Puerto Rico, Mayagüez Campus.

5Former undergraduate student from the Department of Agro-environmental Sci-
ences, University of Puerto Rico, Mayagüez Campus.



18  Robles et al./aquatic vegetation

spread throughout many waterbodies in Puerto Rico, limiting their recreational use as 
well as shoreline access to water for humans and animals.

In the municipality of Ponce, two water reservoirs, Cerrillos and Portugués, were 
constructed in 1992 and 2015, respectively, by the USACE (2015) as flood risk manage-
ment projects for southern Puerto Rico. According to González (2012), the Portugués 
reservoir alone could prevent flood risk to 40,000 people in southern Puerto Rico. Both 
reservoirs are currently being managed by the Department of Natural and Environmen-
tal Resources of Puerto Rico (DNER) and used for recreation and flood control programs. 
Cerrillos reservoir may be used for water supply with a water storage capacity of 59.1 
million cubic meters. Its dam is located on the Cerrillos River and is part of the Bu-
caná River Basin. The smaller Portugués reservoir has a capacity of 15.2 million cubic 
meters, and its dam is located on the Portugués River as part of the Portugués River 
Basin. Aquatic vegetation assessments of these two reservoirs have not been performed. 
Considering the risk posed by aquatic weeds presence at water reservoirs, it was impor-
tant to conduct an aquatic vegetation assessment to maintain the functionality of flood 
control programs at Cerrillos and Portugués reservoirs.

Hence, a reservoir survey was performed, between April and May of 2015, using the 
point-intercept method to assess aquatic vegetation (Madsen, 1999). The survey con-
sisted of observing the presence of aquatic plant species in the water body by navigating 
by boat sequentially along an evenly spaced grid of points aided by global positioning 
systems (GPS). This survey method has been widely used in providing estimates of fre-
quency of occurrence, temporal changes of plant communities, spatial distribution of 
aquatic plants within a waterbody as well as providing estimates of percent plant cover 
(Madsen and Wersal, 2018; Madsen and Wersal, 2017; Madsen et al., 2016; Madsen et 
al., 2015; Cox et al., 2014; Robles et al., 2011; Wersal et al., 2010; Madsen et al., 2008; 
Madsen et al., 2006; Wersal et al., 2006; Case and Madsen, 2004). Specifically, point-
intercept has proven to be as accurate as line-intercept and requires less time and effort 
to perform (Madsen and Wersal, 2017; Floyd and Anderson, 1987).

The reservoir survey was set up using ArcGIS: ArcMap software version 10.2 (ESRI 
2014) where a grid of survey points 100 meters apart was created over both reservoir 
boundaries (Figure 1). Both reservoir boundaries and survey points were transferred to 
a handheld GPS unit, Trimble model Juno6, to perform the survey. The GPS unit was 
capable of 3-meter position accuracy, and all data were projected in Puerto Rico Univer-
sal Transverse Mercator (UTM) zone 20 N. One rake toss was performed at each survey 
point by deploying the rake over the side of the boat and allowing the rake to sink to the 
bottom to ensure documentation of submersed aquatic plant species. The presence of 
aquatic plant species observed at each point was recorded as “1”. Due to low water level 
and limiting navigation, only 112 and 30 survey points were surveyed in Cerrillos and 
Portugués reservoirs, respectively. For each aquatic plant species, points labeled as “1” 
were added to obtain their total count.

Water quality at the time of aquatic vegetation assessment was determined at the 
same aquatic plant survey points. At each point, an YSI EXO2 Multiparameter probe was 
launched to measure the following parameters at 30-cm depth below the water surface: 
conductivity (µS/cm), temperature (°C), dissolved oxygen (mg/L), pH, total dissolved solids 
(mg/L) and total algae (Chlorophyll µg/L). The probe was calibrated by the manufacturer 
prior to starting field surveys. A Secchi Disk was lowered within the water column to obtain 
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water transparency data at each surveyed point and depth was recorded using a water depth 
finder. The same parameters were measured at the deepest point of each reservoir in order 
to describe the water column profile. This survey consisted of lowering the multiparam-
eter probe into the water column every 30 cm up to a maximum depth of 10 m. Statistical 
analysis was performed using InfoStat v. 2020 software using a significance level of 0.05. 
Frequency of occurrence of aquatic plants was correlated to a water quality parameter mea-
sured at survey points using Spearman’s correlation coefficient (r). The statistical analysis 
was used to determine which water quality parameter may predict aquatic plant presence.

According to the reservoir field survey performed, more than 75% of the area of 
both reservoirs is open water and free of aquatic vegetation. The most common aquatic 
plant species observed was catclaw mimosa with a frequency of occurrence of 10% and 
25% at Portugués and Cerrillos reservoirs, respectively (Figure 1). Catclaw mimosa is 
widespread in Puerto Rico and currently listed on the Federal Noxious Weed List of the 
United States. This woody perennial is classified as Facultative Wetland Species (Lich-
var et al., 2016) as it inhabits in wetland or non-wetland areas (Lichvar et al., 2012). 
Catclaw mimosa reproduces mainly by seed (Cronk and Fennessy, 2001; Langeland and 
Craddock-Burns, 1997) and is highly adapted to disturbance (CIEIPR, 2004) which fa-
cilitates its invasion (Center et al., 1995).

Among all water quality parameters measured, only water depth was significantly 
(p < 0.05) correlated to catclaw mimosa presence (r of -0.31 and -0.58 for Cerrillos reser-
voir and Portugues reservoir, respectively). This result supports field observations that 
catclaw mimosa was growing primarily along the shoreline, where water depth is be-
low 5 m, and closer to boat ramps. Although catclaw mimosa can grow up to 4 m high 
(Lonsdale et al., 1988; Creager, 1992), it was also observed in both reservoirs, thriving 
under water in coves and off the shoreline. Only in the Portugués reservoir does catclaw 
mimosa coexist with aquatic plants from the genus Colocasia sp. and Polygonum sp.

FiguRe 1. Geographic distribution of surveyed points (★) and presence of catclaw 
mimosa (Mimosa pigra) (✩) in Lake Cerrillos (A) and Lake Portugués (B).
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Water quality parameters such as pH, transparency, specific conductance, total dis-
solved solids, dissolved oxygen and total algae are reported in Table 1 for both reservoirs. 
The first five parameters ranged within the same values in both reservoirs suggesting 
similarities between them and that they are not affected by the presence of catclaw 
mimosa By contrast, total algae at Portugues reservoir ranged up to 5.4 and 6.4 with or 
without catclaw mimosa as compared to Cerrillos reservoir that reported lower values 
(Table 1).

In general, the temperature throughout the water column in both lakes fluctuated 
between 26 and 28 °C. Data collected throughout the water column showed that dis-
solved oxygen in both reservoirs stratified at a water depth of 3.05 m where a decline 
from 8 to 1 mg/L was observed (Figure 2). Total algae in Cerrillos reservoir was relatively 
constant and ranged between 2 and 4 Chl µg/L throughout the water column. Portugués 
reservoir has similarly low values of total algae in shallow water (3 m or less); however, 
values increased up to 13 Chl µg/L in deeper water.

Although it is uncertain how catclaw mimosa was introduced to both reservoirs, it is 
suggested that disturbance events in reservoir construction, such as land alteration to 
construct levees that introduces soil from a different location, and further flooding pro-
mote catclaw mimosa invasion. In both reservoirs, catclaw mimosa plants were observed 
producing inflorescences and seedpods which means that this species is established, 
although its frequency of occurrence is less than 25% of the total reservoir area. This 
observation raises concern about further invasiveness and consequent nuisance issues 
related to water body management. In fact, according to Lonsdale et al. (1988) catclaw 
mimosa may form dense impenetrable thickets with thorny stems at plant densities as 
low as 0.12 plants per square meter. Moreover, once a seed germinates, plant height may 
increase at a rate of 2.4 to 2.6 cm per day (Creager, 1992) with a rate of spread up to 76 
m per year (Lonsdale, 1993).

Management techniques need to be implemented soon in both reservoirs to prevent 
the spread of catclaw mimosa. Although the frequency of occurrence of catclaw mimosa is 
less than 25%, this seed producing species spreads rapidly. Water level fluctuations may 
lead to seed germination along the shoreline which promotes higher seed-bank density. 
Dredging operations must consider the presence of viable seed removed with the sedi-
ment to prevent the spread of catclaw mimosa.

Management tools that combine chemical and mechanical techniques are effective in 
limiting the spread of catclaw mimosa (Cook et al., 1996). Mechanical techniques consist-
ing of cutting catclaw mimosa stems may be effective if plant material is removed from the 

table 1.—Water quality parameters measured at surveyed points and those where cat-
claw mimosa was present at Cerrillos reservoir and Portugués reservoir.

Reservoir pH
Transparency

(cm)

Specific 
Conductance 

 (µS/cm)

Total  
Dissolved 

Solids 
(mg/L)

Dissolved 
Oxygen
(mg/L)

Total  
algae
(mg/L)

Catclaw mimosa not present

Cerrillos 7.4-8.4 76-244   76-386   50-220 6.1-7.6 0.0-2.4
Portugués 8.4-8.5 91-183 319-324 208-211 7.1-7.7 1.1-6.4

Catclaw mimosa present

Cerrillos 7.4-8.3 76-239 140-339 91-220 6.1-7.6 0.0-1.1
Portugués 8.4-8.5 91-122 319-322 208-210 7.1-7.5 1.1-5.4
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site to prevent seed establishment. Herbicide screening in greenhouse studies conducted 
in Florida have shown an acceptable efficacy of glyphosate and triclopyr in controlling cat-
claw mimosa (Creager, 1992). In Sri Lanka, Marambe et al. (2004) reported that glypho-
sate effectively controlled mimosa seedlings less than six months old, when applied three 
times repeatedly at four-month intervals on the same set of seedlings.

LiteRAtURe Cited

Case, M.L. and J.D. Madsen, 2004. Factors limiting the growth of Stuckenia pectinata 
(Sago pondweed) in Heron Lake, Minnesota. Journal of Freshwater Ecology 19: 17-
23.

Center, T.D., J.H. Frank and F.A. Dray Jr., 1995. Biological invasions: stemming the tide 
in Florida. Florida Entomologist 78(1): 45-55.

(CIEIPR) Comité Interagencial de Especies Invasoras en Puerto Rico, 2004. Lista pre-
liminar plantas invasoras en Puerto Rico. Wildland Weeds 7(2): 7.

Cook, G.D., S.A. Setterfield, and J.P. Maddison, 1996. Shrub invasion of tropical wetland 
implications for weed management. Ecological Applications 6: 531-537.

Cox, M.C., R.M. Wersal, J.D. Madsen, P.D. Gerard and M.L. Tagert, 2014. Assessing the 
aquatic plant community within the Ross Barnett Reservoir, Mississippi. Invasive 
Plant Science and Management 7: 375-383.

Creager, R.A., 1992. Seed germination, physical and chemical control of catclaw mimosa 
(Mimosa pigra var. pigra). Weed Technology 6(4): 884-891.

Cronk, J.K. and M.S. Fennessy, 2001. Wetland plants: biology and ecology. CRC Press 
LLC, Boca Raton, Florida, USA. 462 pp.

ESRI, 2014. ArcMap, version 10.2. Environmental Systems Research Institute, Inc. Red-
lands, CA.

Floyd, D.A. and J.E. Anderson, 1987. A comparison of three methods for estimating plant 
cover. Journal of Ecology 75(1): 221-228.

Gangstad, E.O., 1977. Aquatic weed problems in Puerto Rico. Hyacinth Journal 15: 3-4.
González, A., 2012. Portugués Dam Construction. Facts and Information, US Army 

Corps of Engineers.
Langeland, K.A. and K. Craddock-Burns, 1997. Identification and biology of non-native 

plants in Florida’s natural areas. University of Florida, Gainesville, FL, USA. 165 
pp.

Lichvar, R.W., D.L. Banks, W.N. Kirchner and N.C. Melvin, 2016. The National Wetland 
Plant List: 2016 wetland ratings. US Army Corps of Engineers, Phytoneuron 2016-
30:1-17.

FiguRe 2. Distribution of dissolved oxygen (DO) and total algae (Chl) within the 
water column up to a 10-m depth of Cerrillos and Portugués reservoirs.



22  Robles et al./aquatic vegetation

Lichvar, R.W., N.C. Melvin, M.L. Butterwick and W.N. Kirchner, 2012. National Wet-
land Plant List Indicator Rating Definitions. US Army Corps of Engineers, ERDC/
CRREL TN-12-1. 7 pp.

Lonsdale, W.M., 1993. Rates of spread of an invading species – Mimosa pigra in northern 
Australia. Journal of Ecology 81: 513-521.

Lonsdale, W.M., K.L.S. Harley and J.D. Gillett, 1988. Seed bank dynamics in Mimosa 
pigra, an invasive tropical shrub. Journal of Applied Ecology 25: 963-976.

Madsen, J.D., 1999. Point intercept and line intercept methods for aquatic plant man-
agement. APCRP Technical Notes Collection (IN APCRP MI-02). U.S. Army Engi-
neer Research and Development Center, Vicksburg, MS. 16 pp.

Madsen, J.D. and R.M. Wersal, 2018. Proper survey methods for research of aquatic 
plant ecology and management. Journal of Aquatic Plant Management 56: 90-96.

Madsen, J.D. and R.M. Wersal, 2017. A review of aquatic plant monitoring and assess-
ment methods. Journal of Aquatic Plant Management 55: 1-12.

Madsen, J.D., R.M. Stewart, K.D. Getsinger, R. L. Johnson and R. M. Wersal, 2008. 
Aquatic plant communities in Waneta Lake and Lamoka Lake, New York. North-
eastern Naturalist 15(1): 97-110.

Madsen, J.D., R.M. Wersal and M.D. Marko, 2016. Distribution and biomass allocation 
in relation to depth of flowering rush (Butomus umbellatus) in the Detroit Lakes, 
Minnesota. Invasive Plant Science and Management 9:161-170.

Madsen, J.D., R.M. Wersal, M. Tyler and P. D. Gerard, 2006. The distribution and abun-
dance of aquatic macrophytes in Swan Lake and Middle Lake, Minnesota. Journal 
of Freshwater Ecology 21(3): 421-429.

Madsen, J. D., R.M. Wersal and T.E. Woolf, 2015. Operational control of Eurasian wa-
termilfoil (Myriophyllum spicatum) and impacts to the native submersed aquatic 
macrophyte community in Lake Pend Oreille, Idaho. Invasive Plant Science and 
Management 8: 219-232.

Marambe, B., L. Amarasinghe, K. Silva, G. Gamage, S. Dissanayake and A. Seneviratne, 
2004. Distribution, biology and management of Mimosa pigra in Sri Lanka. Re-
search and management of Mimosa pigra: papers presented at the 3rd Interna-
tional Symposium on the Management of Mimosa pigra, Darwin, Australia, 22-25 
September 2004.

Robles, W., 2011. Aquatic weed species of concern in tropical freshwater systems. Pro-
ceedings Southern Weed Science Society Annual Conference. San Juan, PR.

Robles, W. and V.M. González, 2010. Distribución geográfica de plantas invasoras en PR. 
Proceedings Sociedad Puertorriqueña de Ciencias Agrícolas Annual Meeting. San 
Juan, PR.

Robles, W., J.D. Madsen and R.M. Wersal, 2011. Lake-wide aquatic vegetation assess-
ment and herbicide efficacy of waterhyacinth control in Lake Columbus, Missis-
sippi, USA. Journal of Aquatic Plant Management 49:89-93.

Rushing, W.N., 1974. Waterhyacinth research in Puerto Rico. Hyacinth Control Journal 
12: 48-52.

USACE, 2015. Portugués and Bucana Rivers, PR Fact Sheet of the United States Army 
Corps of Engineers, Congressional District: Puerto Rico

Wersal, R.M., J.D. Madsen, B.R. McMillan and P.D. Gerard, 2006. Environmental fac-
tors affecting biomass and distribution of Stuckenia pectinata in the Heron Lake 
System, Minnesota, USA. Wetlands 26: 313-321.

Wersal, R.M., J.D. Madsen, T.E. Woolf and N. Eckberg, 2010. Assessment of herbicide ef-
ficacy on Eurasian watermilfoil and impacts to the native submersed plant commu-
nity in Hayden Lake, Idaho, USA. Journal of Aquatic Plant Management 48: 5-11.


