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Resumen Ejecutivo: 
 
No hay deudas que hay un calentamiento del clima global, que se puede observar 
por el aumento del promedio de las temperaturas globales del aire y el mar, el 
derretimiento de nieve y hielo y el incremento del nivel del mar. Este incremento 
puede hacer impactos catastróficos en las áreas costales. Hará un gran 
desplazamiento de poblaciones costales e islas bajas se podrían inundar. Como las 
costas se hacen inundadas habrá erosión, inundaciones de los pantanos, 
contaminación de las capas acuíferas, de los ríos, y de los suelos agrícolas, y la 
pérdida de hábitats para una amplia gama de animales. El incremento de la 
variación y la cantidad de la sal en ecosistemas de agua dulce podría tener efectos 
muy graves sobre el ecosistema y la cadena alimentaria. Las repercusiones de 
pérdidas en la diversidad macroinvertebrada y la población tienen el potencial para 
conducir a la disminución de sus funciones ecológicas. Esto puede causar la 
contaminación orgánica debido a una falta en alimentadores de detrito e 
indirectamente afectar los pescados vía cambios de su especie de presa dada que los 
insectos acuáticos más sensibles tienen una tolerancia inferior que los pescados más 
sensible, así como una pérdida general en la biodiversidad. 
 El estudio quiere explorar los efectos potenciales de la salinización de los 
ecosistemas de agua dulce que ocurrirán en Panamá y el Region Neotropical en 
general debido al crecimiento del mar. Se han hecho investigaciones en este tema 
pero esto ha ocurrido casi exclusivamente en el Hemisferio norte, Sudáfrica y 
Australia. Ninguno de ellas ha ocurrido en los Neotropicos, una de las regiones más 
ricas en términos de su biodiversidad. Salinización es uno de los desafíos principales 
cuando se habla sobre el continuo de la conservación de la biodiversidad en esta 
región y se ha mostrado que se afecta desfavorablemente los macroinvertebrados y 
los pescados de agua dulce durante varias etapas de vida. Queremos estimar y 
entender la tolerancia de salinidad de organismos de agua dulce, especialmente 
insectos acuáticos, en Panamá. 

Nuestros sitios de estudio eran las quebradas de Juan Grande, Frijolito, y 
Frijoles que se quedan por el Camino del Oleoducto en el Parque Nacional Soberania 
en Gamboa, Panamá. Medimos los parámetros físicos-químicos de cada sitio y luego 
escogimos varias áreas ~1m2 dentro de un transecto de 20m, donde había una 
cantidad significativa de hojarasca y madera, que son hábitats  preferidos para 
muchos insectos. Tamizamos el detrito y el sedimento usando coladores y bandejas, 
recogiendo insectos vivos con pinzas y cepillos y poniéndolos en bolsas de plástico 
etiquetadas con su orden con el agua del río. En el laboratorio, agua deionizada fue 
combinado con la sal de mar para formar una solución de 40 PSU. Esta solución 
posteriormente fue diluida en 500ml tazas plásticas para formar 200mL soluciones 
de 1, 3, 5, 7, 10, 13, 15, 20, 25, 30, y 40 PSU. Los insectos de cada ordenfueron 
mantenidos separados y uniformemente distribuidos entre las salinidades 
diferentes. En los primeros experimentos todos los insectos fueron quitados de sus 
soluciones respectivas después de 24 horas, identificados hasta el género o si no fue 
posible, hasta familia y como vivo o muerto, determinado por el movimiento o falta 
de movimiento mientras estando provocado por pinzas. Cada género para cada día 
tenía su propio frasco. En la segunda mitad del proyecto decidimos a inspectar los 
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insectos cada 24 horas y dejarlos por 72 horas. Si ellos estuvieran muertos después 
de 24 o 48 horas ellos fueron quitados e identificados. 

Analizamos los datos para asignar los valores de LC50 a los géneros, las 
familias, grupos funcionales de alimentación. Lo hicimos por el uso de boxplots con 
las pruebas de ANOVA y Tukey y un análisis de pasos de porcentajes de 
supervivencia. Del análisis de boxplot de los valores de LC50 que encontramos, 
llegamos a esta clasificación de los menos tolerantes a los más tolerantes de los 
grupos funcionales: gatherers (~0-9 mS cm-1), filterers (~7-13 mS cm-1), shredders 
(~6-18 mS cm-1), y depredadores (~9-24 mS cm-1). Sin embargo, la prueba de Tukey 
solamente reconoce un diferencia significa entre gatheres y depredadores. Haciendo 
una clasificación de los ordenes del menos tolerante al más tolerante encontramos: 
Ephemeroptera (~0-9 mS cm-1), Diptera (~0-16 mS cm-1), Trichoptera (~9-18 mS 
cm-1), Plecoptera (~14-24 mS cm-1), Odonata (~9-25 mS cm-1), Hemiptera (~9-28 
mS cm-1), y Megaloptera (~22-48 mS cm-1). La prueba de Tukey distingue entre 
Ephemeroptera y todos los otros excepto Diptera, y Diptera tiene un rango diferente 
de Hemiptera y Megaloptera. 

Los gráficos de proporciones de sobrevivencia dan los valores de LC50 donde 
la raya cruza 50 porcentaje de sobrevivencia (es directo de los datos crudos, 
mientras que el análisis anterior se requiere designaciones de valores de LC50). 
Usando este método sacamos un valor de 23.4 mS cm-1 para gatherers y filterers, 
39.1 mS cm-1 para depredadores, y 46.9 mS cm-1 para shredders, todo que son 
valores más altos que sacamos del otro método. Con los ordenes tenemos las 
clasificaciones Ephemeroptera (23.4 mS cm-1), Plecoptera (31.25-39.06 mS cm-1), 
Hemiptera y Odonata (39.06 mS cm-1), Coleoptera (39.06-46.88 mS cm-1), Diptera 
and Trichoptera (46.88 mS cm-1) y Megaloptera no tiene una porque todos los 
individuos sobrevivieron. Se puefe ver que no es solamente que los resultados son 
mucho más altos, pero el orden de los grupos es bien diferente excepto el menos y el 
más tolerante. La vía mejor para tener un estimado mejor con las dos técnicas es por 
tener más datos y comparar los métodos de análisis con ellos propios, con la 
literatura, que se veía durante los experimentos,  y puede ser un tercero análisis se 
debe hacer con una funciona logarítmica.  

Todo esto debe decir que mientras más experimentos tienen que ser 
realizados, podemos ver que hay una gran gama en la tolerancia de sal y que algunos 
insectos son muy sensibles a incrementos de la salinidad. Esta información debería 
ser usada para ayudar a construir directrices para proteger contra salinización, y se 
debe considerar si aquellas directrices deberían estar basadas en donde el 50% de 
individuos muere o donde ninguno o hasta 5% muere, ya que el muerte del 50% es 
todavía un impacto grande que tendrá repercusiones en el ecosistema. 
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Executive Summary 
 
There is no doubt that there is an overall warming of the global climate, as 
evidenced by increases in average global air and ocean temperatures, widespread 
melting of snow and ice and rising average sea level. This rise can lead to 
catastrophic effects on coastal areas. There will be a huge displacement in human 
coastal populations and low-lying islands could be completely submerged. As coasts 
become inundated there will be erosion, flooding of wetlands, contamination of 
aquifers, rivers, and agricultural soils, and loss of habitat for a wide range of 
animals. Increasing variation and quantity of salt in freshwater ecosystems could 
potentially have very grave effects on the ecosystem and food chain. The 
repercussions of losses in macroinvertebrate diversity and population have the 
potential to lead to decrease of their ecological functions. It may cause organic 
pollution and eutrophication due to a lack in detritus feeders and indirectly affect 
fish via changes in their prey species given that the more sensitive aquatic insects 
have a lower tolerance than the more sensitive fish, as well as a general loss in 
biodiversity. 

The study seeks to explore the potential effects of salinization of freshwater 
ecosystems that will occur in the Panama and the general Neotropics due to rising 
sea levels. There has been research conducted in this field but it has taken place 
almost exclusively in the USA, Canada, Europe, South Africa and Australia. None of it 
has taken place in the Neotropics, one of the richest regions in terms of its 
biodiversity. Salinization is a major challenge when it comes to the continued 
conservation of biodiversity in this region and has been shown to adversely effect 
macroinvertebrates and freshwater fish through various life stages. We want to 
estimate and understand the salinity tolerance of freshwater organisms, specifically 
aquatic insects, in Panama. 

Our study sites were the streams of Juan Grande, Frijolito, and Frijoles along 
Pipeline Road in the Parque Nacional Soberania in Gamboa, Panama. We measured 
the physical-chemical parameters of each site and then we chose several ~1m2 
areas along a 20m transect where there was a significant amount of dead leaves and 
wood, which are preferred habitats for many insects. We sifted through detritus and 
sediment using colanders and trays, collecting live insects with tweezers and 
brushes and putting them in labeled plastic bags with river water based on their 
order. In the laboratory, deionized water was combined with sea salt to form a 
solution with 40 PSU. This solution was subsequently diluted in 500ml plastic cups 
to form 200 mL solutions of 1, 3, 5, 7, 10, 13, 15, 20, 25, 30, and 40 PSU. Insects of 
each order were kept separate and evenly distributed between the different 
salinities. In the first set of experiments all insects were removed from their 
respective solutions after 24 hours, identified till genus or if not possible, till family 
and as either alive or dead as determined by movement or complete lack thereof 
while being provoked by tweezers. Each genus for each day had it’s own vial. In the 
second half of the project we decided to check on the insects every 24 hours and 
leave them for 72 hours. If they were dead after 24 or 48 hours they were removed 
and identified. 
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We analyzed the data to assign LC50 values to genera, families, orders, and 
feeding functional groups of different aquatic insect. We did so using both boxplots 
with ANOVA and Tukey’s test and stepwise analyses of survival percentages. From 
the boxplot analysis of LC50 values we found, in ranking of least to most tolerant of 
functional groups: gatherers (~0-9 mS cm-1), filterers (~7-13 mS cm-1), shredders 
(~6-18 mS cm-1), and predators (~9-24 mS cm-1). However Tukey’s Test only 
recognizes a difference between gatherers and predators. Ranking the orders from 
least to most tolerant we found: Ephemeroptera (~0-9 mS cm-1), Diptera (~0-16 mS 
cm-1), Trichoptera (~9-18 mS cm-1), Plecoptera (~14-24 mS cm-1), Odonata (~9-25 
mS cm-1), Hemiptera (~9-28 mS cm-1), and Megaloptera (~22-48 mS cm-1). Tukey’s 
test differentiates between Ephemeroptera and every other group except for 
Diptera, and Diptera has a significantly different range from Hemiptera and 
Megaloptera.  

The graphs of survival proportions give LC50 values where the line crosses 50 
percent survival (it takes right from the raw data, whereas the previous analysis 
method requires designation of LC50 values). Using this method we got a value of 
23.4 mS cm-1 for gatherers and filterers, 39.1 mS cm-1 for predators, and 46.9 mS cm-

1 for shredders, all of which are higher values than we got in the previous analysis 
method. When grouping by order we got Ephemeroptera (23.4 mS cm-1), Plecoptera 
(31.25-39.06 mS cm-1), Hemiptera and Odonata (39.06 mS cm-1), Coleoptera (39.06-
46.88 mS cm-1), Diptera and Trichoptera (46.88 mS cm-1) and Megloptera did not 
have one because all individuals survived. One can see that not only are the values 
much higher, but the order is quite different other than the least tolerant and the 
most tolerant. The best way to really get a better estimate with both of these 
techniques is really to have more data and then compare the analysis methods both 
with each other, the literature, what was physically observed, and perhaps a third 
analysis should be done using a logarithmic best fit line. 

All this is to say that while more experiments need to be carried out, we can 
see that there is a great range in salt tolerance and that some insects are very 
sensitive to changes in salinity. This information should be used to help construct 
guidelines to protect against salinization, and one ought to consider whether those 
guidelines should be based on where 50% of individuals die or where none-5% die, 
since 50% dying is still a large impact that will have repercussions in the ecosystem. 
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1. Introduction 

1.1 Climate Change 

The Earth is currently in an ice age— a period of long-term reduction in the 

temperature of Earth's surface and atmosphere, resulting in the presence or 

expansion of continental and polar ice sheets and alpine glaciers. However, within 

ice ages there are glacial and interglacial periods. The last glacial period ended 

about 11,500 years ago. There have been seven glacial cycles of glacial advance and 

retreat in the past 650,000 years, the reasons for which are not completely 

understood, but have been at least partly attributed to atmospheric composition, 

changes in planetary position and orbit around the sun, and changes in ocean 

currents. Very small variations in these factors can have huge impacts on the 

climate. However, the earth has been experiencing a warming trend at an 

unprecedented rate for the past 1,300 years, which is very very likely to be human-

induced. Ninety-seven percent of climate scientists are in agreement that the 

culpability of this trend lies with humanity. Today there is a higher concentration of 

carbon dioxide in the atmosphere than at any time in the past 650,000. Carbon 

dioxide, along with other gasses, is termed a greenhouse gas due to its heat trapping 

nature. As green house levels continue to rise, so will the temperature of the Earth.1 

The effects of global warming are and will manifest themselves in many 

ways. The Intergovernmental Panel on Climate Change released a report in 

September 2014 documenting the fact that globally we are experiencing never 
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before recorded changes in temperature and precipitation patterns throughout 

recent decades and that these changes will be augmented in the near future, mainly 

due to human activity.2 All ten of the warmest years on record have occurred in the 

past 12 years. In the United States, looking at the trend from 1950, the number of 

high record temperature events has been increasing, while the number of low 

temperature ones has been decreasing.1   

 

1.2 Salinization from the ocean 

Definitions: 

Salinity measures total concentration of cations (sodium, magnesium, calcium, 

potassium, etc.) and anions (sulphate, carbonate, bicacarbonate, chloride, etc.) in 

solution. It can be expressed as Total Dissolved Solids (TDS) or Total Soluble Salts 

(TSS), which closely resemble one another. Often conductivity is used instead of TSS 

and TDS and measures the ability of a solution to conduct an electrical current 

between two points. It is varies accordingly with TDS and TSS except at very high 

salinities.3 

 

Stream salinity is closely linked with the soil through which its water sources move, 

as different soils have different salt concentrations. The process through which the 

concentrations of dissolved salts in freshwater or soil become “unnaturally” 

elevated is call salinization. Secondary salinization is what happens after the 

clearing of natural vegetation and its replacement by crops or pastures, which 

causes increases in runoff to streams from soils that have experienced salinization. 



 9 

The dumping of saline water from large-scale irrigation systems or mines can also 

cause salinization. Disposal of saline water has been shown to significantly change 

aspects of water quality such as total phosphate, total nitrogen, suspended solids, 

pH, and conductivity, which impact the abundance on macroinvertebrate taxa and 

the macroinvertebrate community structure as a whole.3 

 

Salinity tolerance is defined as an organism’s ability to withstand a particular level 

of salinity without dying at any time from salt exposure. It has been established 

from laboratory studies that slow increases in salinity can be tolerated more easily 

than sudden changes. Slow increases are indicative of what is occurring with rising 

sea levels and sudden changes are indicative of saline water disposal. An important 

aspect of salinity tolerance is an organism’s ability to maintain its optimal internal 

salt concentration, the ability to perform osmotic regulation. The complexity of 

freshwater organisms is one of the most influential factors for the capacity for 

osmotic regulation. Simple structured organisms such as single-celled algae and 

bacteria have almost no ability to do so and are subject to passive diffusion of salts 

across their semi-permeable membrane, making them the most susceptible to 

changes in the ionic composition of the water they inhabit. Invertebrates and fish 

are able to actively regulate their internal salt concentration, with fish being better 

at it. However, osmoregulation, because it is an active mechanism, has a metabolic 

cost that will weaken the organism.3 
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There is no doubt that there is an overall warming of the global climate, as 

evidenced by increases in average global air and ocean temperatures, widespread 

melting of snow and ice, and rising average sea level. Oceans are absorbing about 

80% of this heat, and when water heats up in undergoes thermal expansion, which 

has caused about half of the rise in the sea level. Alarmingly, average Arctic 

temperatures have increased at almost twice the overall average rate. Historically, a 

certain amount of ice from glaciers and polar ice caps melt each summer and then in 

the winter there is enough snowfall (mostly from evaporated sea water) that the 

melting is more or less balanced out. However, the increase in average Artic 

temperature is leading to greater than average summer melts of ice caps and a 

shortening of the arctic winter and so the amount melting is now greater than the 

amount that refreezes. The same increase in melting is happening with the ice 

sheets covering Antarctica and Greenland, but scientist believe that this is being 

augmented by meltwater above and sea water below seeping beneath the ice sheets 

and lubricating ice streams. This then causes an acceleration of the pace at which 

the ice is moving into the sea. In addition, the ice sheet that extends into the ocean 

from Antarctica is being melted from below, which is causing parts to weaken and 

break off.4 

In the past century, the Global Mean Sea Level has risen by 10 to 20 

centimeters. However, over the past twenty years the rise has been about 3.2 

millimeters a year, about twice the average rate of the previous 80 years. This rise 

can lead to catastrophic effects on coastal areas. There will be a huge displacement 

in human coastal populations and low-lying islands could be completely submerged. 



 11 

As coasts become inundated there will be erosion, flooding of wetlands, 

contamination of aquifers, rivers, and agricultural soils, and loss of habitat for a 

wide range of animals.4  

 

1.3 Salinization in arid and semi arid regions 

Climate models are projecting increases in flooding and extended droughts, causing 

more water level fluctuations in a less predictable manner, which will put stresses 

on humanity and on everything else that lives within freshwater systems or depends 

on freshwater. These impacts are particularly pronounced in arid and semi-arid 

zones. A 25-30% decrease in precipitation by the end of the century is predicted for 

the Mediterranean region, while Spain and Turkey in particular are expected to see 

a reduction of up to 40%. This will be coupled with increasing evapotranspiration 

due to the warmer temperatures, making droughts more extreme. The natural 

reductions in water availability will cause a feed back loop where the increase in the 

use of freshwater resources for human consumption and irrigation from lack of 

precipitation will further diminish the already dwindling availability. A 15-22% 

increase in irrigation need for grain is predicted in Turkey while a 13-23% is 

predicted for Sri Lankan paddy fields.2  

The magnitude of these changes is a huge threat towards the wellbeing and 

biodiversity of freshwater systems and can lead to the diminishing or even 

disappearance of bodies of freshwater as well an increase in the concentration in 

salinity due to evaporation and prolonged hydraulic residence times during 

droughts. The Aral Sea has already shrunken by 50% and reached levels of salinity 
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that have almost completely rid it of freshwater organisms and Lake Akşehir, what 

had once been one of the largest freshwater lakes in Turkey, no longer exists due to 

the loss of ground and surface water sources because of intensive crop farming.2 

Nutrient loading can also be a result of erosion that is a result of flooding events. 

The higher concentration of nutrients not only leads to salinization, but promotes 

eutrophication, especially with warmer conditions and increased water residence 

time. Increased salinity can cause ion toxicity and osmotic stress that leads to high 

mortality rates as well as lower reproduction and growth rates.5 

Agricultural practices, particularly the use of artificial fertilizers, are a 

parallel cause of salinization that is occurring in the rivers and wetlands of arid and 

semi-arid parts of the world. There are predictions that salinity levels of rivers in 

the Murray-Darling Basin of Australia will increase up to 6 times their current levels 

because of agrochemicals.  Studies also show a salinization of some bodies of 

freshwater in South Africa already occurring because of agriculture.5 

 

1.4 Aquatic Organisms  

Increasing variation and quantity of salt in freshwater ecosystems could potentially 

have very grave effects on the ecosystem and food chain. The repercussions of 

losses in macroinvertebrate diversity and population have the potential to lead to 

decreases of their ecological functions. It may cause organic pollution and 

eutrophication due to a lack in detritus feeders and indirectly affect fish via changes 

in their prey species, given that the more sensitive aquatic insects have a lower 

tolerance than the more sensitive fish, as well as causing a general loss in 
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biodiversity.6   There have been studies that show a correlation between salt-

exposed sites in rivers and lower insect population density through increased 

individual mortality.7 Population density can also decrease due to the energetic cost 

of osmoregulation and unfavorable conditions for egg hatching.8 There are 

freshwater insects that can deal with a certain level of salinity but still experience 

negative effects. High variation of salinity and temperature has been shown to cause 

reductions in respiration rate and generation and that these reductions persist 

through generations when there is continuous exposure to elevated salt levels. 9 

Consumers (predators and herbivores) have tended to be the focus of studies 

of freshwater systems because they can be seen as regulators of key aspects such as 

succession rates, nutrient cycling, and influence the entire physical structure of the 

ecosystems. Often the role of macroinvertebrates is overlooked in these analyses. 

Macroinvertebrates as a group tend to have redundancies in the functions of 

individual species because of their high abundance and diversity, which makes it 

difficult to identify a specific keystone species. Nevertheless, macroinvertebrates are 

important as a whole in the maintenance of the health of their system.  

These groupings are described by the manner in which the 

macroinvertebrate feeds itself: functional feeding group. The wide variety in 

microhabitats within streams and other freshwater ecosystems is reflected in the 

wide array of mechanisms (both morphological and behavioral) that 

marcoinvertebrates have developed to exploit them for food. The functional groups 

include scrapers that scrape their food (generally algae) from rocks or plant debris; 

shredders that break down large pieces of decomposing plant tissue or wood 



 14 

(>1mm diameter) as well as the microflora and fauna therein while also feeding 

directly on living macrophytes; gatherers (or collectors) feed on fine particulate 

organic matter (FPOM: <1mm diameter) that is deposited in streams; filterers have 

specialized features (e.g. setae, mouth brushes, fans) or some sort of silk/silk-like 

secretion method that act as a sieve to trap particulate matter that is in the water; 

and there are predators that feed on prey by either engulfing it or piercing it and 

sucking out the body contents.  

It should be noted that the functional groups refer to the mode of feeding 

rather than what is actually being fed upon, which is more likely to vary based on 

location and what food is available.  Macroinvertebrates in certain functional groups 

are usually found in particular microhabitats: filterers can often be found in high 

velocity, low-retention areas so that a lot of material passes by them while 

shredders may be in low-velocity, high-retention areas where they are able to move 

from one food source to another. Abiotic factors such as flow rate, resource 

availability, seasonality, respiratory and thermal requirements as well as biotic ones 

like competition and predation certainly effect where macroinvertebrates are found, 

but is important to understand the limitations involved in the application of this 

technique: there are lots of factors that are difficult to monitor but may have 

significant influence, there are many different microhabitats but the distinctions 

between them may be hard to find, the boundaries between habitats may be difficult 

to through time and space and may take too much time and effort to do it 

thoroughly.10 
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The different functional groups have distinct impacts on their environments. 

Grazers are made up of shredder-herbivores and scrapers, where the influence of 

scrapers is usually the most important because of the algal grazing that they do. The 

relationship between algae and grazers is very tight; algal production has a direct 

impact on grazers and the feeding of grazers directly affects algae: high grazer 

abundance is generally associated with high algal abundance; grazers reduce algal 

biomass; most studies show that algal primary production is lower when grazers 

are present than when they are absent, but some have suggested that intermediate 

densities of grazers may increase production per unit biomass by removing dead 

cells, decreasing thickness of algae film, and shifting algal community composition 

to more productive species and that production decreases with a high density of 

grazers.10 

 In some streams a large portion of the energy input is in the form of coarse 

particulate organic matter (CPOM) from terrestrial litter. Shredders tend to have 

low assimilation efficiencies, which leads to a lot of CPOM being transformed to 

FPOM, and dissolved organic matter (DOM), which flows more easily downstream 

and helps the distribution of food sources. Shredders also play a part in accelerating 

wood decomposing by scraping, gouging, and tunneling wood, which exposes more 

wood to microbial colonization and decomposition. Gatherers feed mostly on FPOM 

that has been deposited at the stream/river/lake bottom and in streams they are 

usually the most abundant macroinvertebrates and are the ones that are most 

frequently found in guts of predaceous insects.10  
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Filter feeders have developed physical features to help them eat suspended 

particles. Some are considered predators because they tend to focus on animal drift, 

but others (usually the majority) feed on miniscule particles (<1-50um in diameter) 

that are suspended in water. It has been suggested that they not only remove very 

small particles from water (that other insects would not be able to make use of) but 

they also provide larger particles through defecation that can be consumed by 

detritivores. Filter feeders can be found in comparatively high densities since they 

let the current bring them their food and so expend much less energy when 

searching for food. Macroinvertebrate predators in streams, like predators in other 

systems, have top-down effects through direct consumption and through 

diminishing prey populations and may also influence growth rates, sizes, and 

reproduction of their prey. Invertebrates in general are a very important food 

source for fish and it has been shown that as their populations increase so does the 

fish production.10 

Aquatic insects have been used extensively as biological monitors and 

indicators to evaluate disturbances both in lotic and lentic ecosystems.  The 

monitoring typically uses the fact that different insects have different tolerances to 

changes in water quality. However, to do a thorough analysis of the impacts of a 

certain disturbance the roles of the insects should be taken into account, not just 

presence or absence of the insects. This includes looking at changes in in the amount 

of CPOM, FPOM, algae, and general detritus.10 
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2. Research Aims 

2.1 Questions 

Given previous research on the effects of salinization, what similarities and 

differences do we see in the Neotropics? How do aquatic insects in the Neotropics 

respond to salinization and what are the lethal concentrations of salt for different 

insects based on order, family, and feeding functional group? Is there a significant 

difference in the salt tolerance of insects from the same genus or species living in 

aquatic ecosystems with different concentrations of salt? 

 

2.2 Objectives 

We want to estimate and understand the salinity tolerance of freshwater organisms, 

specifically aquatic insects. We then need to compare and contrast our results with 

those of studies in different regions in order see what similarities and differences in 

salinity tolerances exist. This will add to the debate as to the extent of 

environmental and spatial impacts on salinity tolerance and if policy needs to be 

done based on research of the region or based on global figures. We then would like 

to investigate what genetic and morphological traits aid in salinity tolerance. 

 

2.3 Justification 

The study seeks to explore the potential effects salinization of freshwater 

ecosystems that will occur in Panama and generally in the Neotropics due to rising 

sea levels. There has been research conducted in this field but it has taken place 

almost exclusively in the United States, Canada, Europe, South Africa and Australia. 
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These studies have found ranges in salinity tolerances based on functional groups 

and orders, as well as looking at species and also that within each grouping there 

are variances in tolerances between individuals.11 None of it has taken place in the 

Neotropics, one of the richest regions in the world in terms of its biodiversity. 

Salinization is a major challenge when it comes to the continued conservation of 

biodiversity in this region and has been shown to adversely effect 

macroinvertebrates and freshwater fish through various life stages.3 

Insects are a key component of freshwater ecosystems that are easy to 

monitor and collect, are sensitive to environmental changes and have a lot of 

variation, making them very useful as bioindicators. They are a preferred sample 

group because of the facility of catching and identifying them, their large numbers, 

long lifecycles, and taxonomic diversity.12   Also, most fish have been shown to have 

a higher salt tolerance than macroinvertebrates, so there is the potential for indirect 

effects on fish through the reduction of food sources. The same can be said in the 

case of microinvertebrates that are the sustenance for certain macroinvertebrates 

and fish and have been shown to only be able to handle a salinity level significantly 

below the more tolerant macroinvertebrates and fish.6 In order to have a healthy, 

well functioning ecosystem it is important that all necessities are being met—that 

there are enough primary producers and particulate organic matter in the system 

for energy to move through the food web, that there are organisms that can provide 

the link between the energy stored in primary producers and organic matter with 

predators, that there are organisms that can help with the decomposition of dead 

organic matter, etc. Macroinvertebrates play a key part in these processes and so it 
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is important that their abundance and diversity are maintained for the conservation 

of the system as a whole.10  

Salinity tolerance studies used in risk assessment have been carried out by 

comparing macroinvertebrate presence/absence or abundance between sites with 

different salinities and/or through laboratory ecotoxicology experiments where 

mortalities are measured at a range of salt concentrations. The issue with 

comparing macroinvertebrate communities between sites is that there is not 

definitive evidence that differences are indeed caused by salinization or if they are 

due to other factors that can co-vary with salinity. Furthermore, the absence of a 

species may be due to some physical barrier or a lack of a suitable habitat. There is 

also the fact that sub-lethal levels of salt may be present that still discourage 

colonization because conditions are not optimal. Nevertheless, it has been shown 

that lab toxicity experiments reflect sensitivities derived using field distributions. 

This allows data from the two types of studies to be combined, giving a larger data 

set from which to estimate what salt concentrations are safe.13 

It is important to keep in mind that even if aquatic species can tolerate a 

particular salinity, it can still have a negative impact on the densities due to 

individual mortalities caused by salinity, since even within a species individuals 

have a range of tolerance. This was shown by the study conducted by Chadwick and 

Feminella on the effects of the salt gradient of the Lower Mobil River, Alabama on 

Hexagenia limbata, the burrowing mayfly.9 
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3. Methodology 

3.1 Study site 

The streams of Juan Grande, Frijolito, and Frijoles are all located within 5 km of each 

other along Pipeline Road in the Parque Nacional Soberania, next to the town of 

Gamboa, Panama. The town is within the Canal Zone and was built to house 

employees of the Panama Canal and their families. The park itself is a dry tropical 

rainforest and the stream corridors are well forested, with measured canopy covers 

of the sides of streams ranging from 75-80%. River-water conductivity ranged from 

~170-270 uS cm1, there was only one day when dissolved was measured to be less 

than 5 mg L-1 and it was after observed changes had occurred in Juan Grande (the 

current was slower, the water was shallower, trees had fallen). On all days of 

sampling, the average turbidity was below 2 NTU, with no individual readings above 

3 NTU and the temperature of the water ranged from ~23-25ºC. A conductivity of 

268 uS cm-1 at a temperature of 24.5ºC corresponds to a salinity of 0.13 PSU, which 

is the highest corresponding salinity that we found in any of the three streams. 

 

3.2 Field Methods 

We sampled along 20 m transects starting from the supports of the bridges of 

Pipeline Road, and each following time we would move 20 m further away. We first 

measured the physical-chemical parameters of the river—turbidity, canopy cover, 

flow rate where applicable, temperature, dissolved oxygen, pressure, conductivity, 

and TDS. The three streams were all less than half a meter in depth. We also noted 
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any physical features of note and if there had been any recent disturbances. Then we 

chose several ~1m2 areas along the transect where there was a significant amount 

of dead leaves and wood, which are the preferred habitats for many insects. We 

sampled at Juan Grande on the 5th and 12th of February, the 10th of March, and the 

16th of April, Frijolito on the 6th of February, and Frijoles on the 12th of March 2015. 

We sifted through detritus and sediment using colanders and trays, collecting live 

insects with tweezers and brushes and putting them in labeled plastic bags with 

river water based on their order. 

 

3.3 Laboratory methods—LC50 Experiments 

The first experiments were conducted to assess the 24-h LC50 of insects and then the 

remaining ones also tested the 72-h LC50 and were done to see the effects of abrupt 

change of environmental conditions on aquatic insects. For the first 3 times that the 

experiments were carried out they were only done for 24 hours, after which the 

methodology was changed for the final 3, which were done for 72 hours while 

checking which insects had died after 24 hours.  Deionized water was combined 

with sea salt to form a solution with 40 PSU. This solution was subsequently diluted 

in 500ml plastic cups to form 200 mL solutions of 1, 3, 5, 7, 10, 13, 15, 20, 25, 30, 

and 40 PSU. All of these different salinities were not used every time, but each was 

used in at least one set of experiments. In the first set of experiments there was a 

cup with pure deionized water as the control, which was subsequently changed to 

river water when the methodology was modified. There were enough full sets of the 
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varying salinities that insects of each order were kept separate and evenly 

distributed between the different salinities. 

In the first set of experiments all insects were removed from their respective 

solutions after 24 hours, identified up to genus or if not possible, till family and as 

either alive or dead as determined by movement or complete lack thereof while 

being provoked by tweezers. Each genus for each day had its own vial. LC50s were 

determined by two analysis techniques. In the first, a range in LC50 was given by 

salinities in which more than 50% of a genus had died or the highest salinity in 

which more than 50% had survived (including 100%) if in all higher salinities all 

individuals from the genus had died. Here is an example to make it more clear: if in 

salinities of 10 three out of three Phylloicus had died and in 15 PSU two of three 

Phylloicus had died, both of those salinities would be noted down an LC50s for that 

genus. If in salinities of 20 PSU all Phylloicus had survived but in 25 PSU all had died, 

20 would be noted down as an LC50 for that genus.  Boxplots were made using 

RGuide, compiling the LC50 values for each classification to have a median, a range, 

and outliers. ANOVA and Tukey’s tests were performed to see the relationships 

between the individual boxes.  

In the second analyses, the responses of individuals to the salinity in which 

they were placed were analyzed. A value of 1 was assigned if they survived and a 

value of 0 if they died. These results we analyzed using the program Prism to create 

a stepwise graph that goes from 100 to 0 and where it crosses 50 is the LC50 of the 

group. 
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4. Results and discussion 

 
Figure 1: Boxplot of the LC50 values of the different FFGs that we encountered along with the ANOVA 
and Tukey test results. Concentrations are given in mS cm-1. 

 

Figure 1 shows the ranges of LC50 values for each FFG as well as showing median 

values and outliers. The ANOVA tests gives a p value<0.001 which indicates 

significant differences across the different FFGs. Tukey’s test shows that the only 

groups which are statistically different are gatherer and predator. However, looking 

at the graph it is clear to see that there is a range of lethal salinity concentration 

between and within FFGs, that the median values are all below 20 mS cm-1 and that 

the lower limits of the ranges are close to or below 10 mS cm-1. 
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Figure 2: Stepwise plot of individual responses to salinity by FFGS. 

 

Estimation of LC50 values can be determined from Figure 2 by drawing a horizontal 

line from where it says 50 on the y-axis up until each line that corresponds to a 

different FFG. Using this method we get a value of 23.4 mS cm-1 for gatherers and 

filterers, 39.1 mS cm-1 for predators, and 46.9 mS cm-1 for shredders. These specific 

values correspond to the salinities that insects were exposed to, i.e. no group could 

have a LC50 of 50 mS cm-1 because we did not use any solutions of that exact 

concentration in our testing. When comparing with Figure 1, we can see that each 

group has a much higher LC50 in this form of analysis, as well there being a higher 

tolerance assigned for shredders rather than predators, which is the other way 

around in Figure 1. This difference can be attributed to the fact that the data for 

Figure 1 underwent a previous analysis when determining specific LC50 values. It 

could be argued that those specific LC50 values were conservative estimates because 

they include instances in which all individuals survived and give average LC50 values 

far below those of Figure 2, which accounts for the responses of all individuals 

without leaving out any data based.  
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Figure 3: Boxplot of the LC50 values of the different orders that we encountered along with the 
ANOVA and Tukey test results. Concentrations are given in mS cm-1. 

 

Figure 3 shows the ranges of LC50 values for each FFG as well showing median 

values and outliers. The ANOVA tests gave a p value<0.001 which indicates 

significant differences across the different FFGs. Tukey’s test shows that the LC50 for 

Ephemeroptera is significantly lower than all the others except for Diptera and that 

Hemiptera and Megaloptera have significantly higher LC50s than Diptera. One can 

see three distinct groupings of tolerance: Ephermetoptera and Diptera are the least 

tolerance, Plecoptera, Trichoptera, Hemiptera, and Odonata are in the middle, and 

Megaloptera is the most tolerant. There were only two Megaloptera individuals 

total, but one of them survived in 62.5 mS cm-1, which is why the order is given a 

much higher LC50 than the rest. It makes sense that Ephermeroptera have the lowest 

LC50 value, as they are gatherers. All the filterers and shredders that we found are 
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Trichoptera so it makes sense that the order’s LC50 is in the middle because filterers 

were quite sensitive while shredders were quite tolerant. There were not many 

Diptera in the study, but we did have both gatherers and predators, which could 

account for the median LC50 level being lower than those of Plecoptera, Hemiptera, 

Odonata, and Megloptera, who are all predators in our study. However, it may be 

due more to the small sample size and the method of determining the LC50 values, 

since there was an individual that survived in 15.6 mS cm-1 and unfortunately none 

of the other individuals were tested 23.4 mS cm-1, only above 30 and below 15 mS 

cm-1. 

 

 
Figure 4: Stepwise plot of individual responses to salinity by Orders. 

 

The LC50 values from Fig. 4 are much higher than those in Fig. 3. We still have 

Ephemeroptera as the most sensitive to salinity and Plecoptera as being on the 

lower end of tolerance. However, Diptera is no longer the second most sensitive. In 

this analysis method, Diptera actually has the second highest LC50 along with 

Trichoptera, but this may again be a product of the small sample size more than 

anything. It is interesting to note that the small sample size using this method has 

almost the opposite result than in Fig. 3. This is due to the fact that in Fig. 3 LC50 
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values were assigned even though the individual survived, because there were no 

surviving individuals in solutions with higher salinity. Therefore that value is almost 

counted as a death in Fig. 3 while it counts as survival in Fig. 4. There is an even 

smaller sample size for Coleoptera, so it is difficult to draw any conclusion from its 

LC50 in Fig. 4. Hemiptera has the second highest median LC50 value in Fig. 3 but its 

trend in Fig. 4 shows it being the second or third most sensitive order. This is 

because there were a lot of instances where most individuals would die but not all. 

These salinities were therefore assigned as LC50 values in Fig. 3 but the overall trend 

is then better described in Fig. 4. We see that Trichoptera has the second highest 

LC50 value whereas it was in the middle in Fig. 3. This is because we had almost the 

opposite happen with Trichoptera as compared to Hemiptera, where usually in a 

given salinity where one individual survived, most, if not all, other individuals 

survived as well. This is not reflected in Fig. 3 because the boxplots look at each 

salinity as having equal weight not matter the ratio of live:dead, whereas that is 

taken into account in Fig. 4. We also see that in Fig. 4 the line for Megaloptera never 

drops below 100 and therefore is not assigned an LC50 value in this case. This is 

because both of the individuals tested survived in their respective salinities, with 

one sample surviving in 62.5 mS cm-1. 
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Figure 5: Stepwise plot of individual responses to salinity in most common families. 

 

In Fig. 5 Leptophlebiidae and Leptohyphidae have the lowest LC50 values, which 

follows from Fig. 4 since both are Ephemeroptera. Naucoridae and Perlidae are next, 

which again reflects Fig. 4 because they are Hemiptera and Plecoptera, respectively. 

Coenagrionidae is in the order Odonata and is one of the more tolerant Odonata, as 

can be seen by comparing its trend with that of Calamoceratidae, one of the more 

tolerant Trichoptera and a shredder. The Calamoceratidae in our samples tended to 

have shells/houses made out of leaves. These might help cut down on their 

exposure to the salt water solutions in the short term and the need to do as much 

osmoregulation, leading to higher survival rates. 

As was mentioned in the methodology, we did conduct 72-hour tests, which 

are more in line with the literature.13  However, more experiments need to be 

carried out before there is enough data to make useful conclusions based on them. 

The need for more data can also be seen by how different the results are in the two 

forms of analysis. The fact that no FFG in Fig. 1 has a median LC50 above 20 mS cm-1 

while all of them do in Fig. 2 solidifies that and more work should be done to see 

which analysis technique is more representative. The techniques should be 
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compared with one another, with the literature that exists on LC50 determination, 

with what was physically seen in the lab, and potentially with a logarithmic curve if 

there are enough data points. For now, the thing to take from the figures is the range 

of tolerance within and between groups and comparative tolerance.  

In a study salinity tolerance of macroinvertebrates conducted in Northeast 

Australia using 72-h LC50 experiments, J. E. Dunlop et al. found the following ranking 

from most sensitive to most tolerant: Ephemeroptera (10.9 mS cm-1), Hemiptera 

(21.3 mS cm-1), Diptera (22.4 mS cm-1), Zygoptera—a suborder of Odonata (32.4 mS 

cm-1), and Coleoptera (35 mS cm-1).14  This generally reflects our findings of these 

orders in Figures 3 and 4: that Ephemeroptera are certainly the most sensitive order 

and Odonata and Coleoptera are the most tolerant with the other two somewhere in 

the middle.  The actually LC50 values themselves are somewhere between what the 

two forms of analyses say, which is encouraging. 

In a similar study conducted in Southeast Australia (Victoria) by Kefford et al. 

found this ranking from most sensitive to most tolerant: Ephemeroptera (12.6-15 

mS cm-1), Plecoptera (>12.6->20 mS cm-1), Trichoptera (9->26 mS cm-1), Hemiptera 

(33-44 mS cm-1), Coleoptera (19-54 mS cm-1), and Odonata (30-55 mS cm-1).5 In this 

case, when comparing with our results, the big difference is that Trichoptera are 

more sensitive. This may very well be due to the families of Trichoptera that were 

tested, since there are filterers in the order and not all of them make little houses for 

themselves. More interestingly, the two studies were both conducted in Australia 

with some of the same researchers and still got quite different results for LC50 values 

for some orders. This certainly emphasizes the variability of salinity tolerances of 
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aquatic insects and reinforces the need to standardize the procedure for conducting 

the experiments and analyzing the results of the studies. 

 

5. Implications 

This has been a preliminary study looking at the salinity tolerance of aquatic 

insects. We have been able to demonstrate the range and variance of said tolerance 

and show that particular groups tend to have lower or higher tolerance. Our 

findings have not overtly disagreed with the literature, but even within the 

established literature there is quite a large distribution of LC50 values. It is important 

to enlarge the sample size of the data set to have more comprehensive results and 

analyses as well as looking at the effects of salinization and salt gradients in nature 

to see if the laboratory findings match up. 

It is important to know how far salt levels can increase before negative 

consequences occur in aquatic organism populations so that protective guidelines, 

accurate risk assessment, and conservation efforts can be carried out. One must 

consider whether these guidelines should be based on the LC50 values or the salinity 

at which no or very few insects are dying. If 50% of the insects die that is still a very 

large impact. When making these decisions in particular places or regions it is 

important to use data from that place because of the potential variation in tolerance 

that may be due just to spatial variation or due to differences in the physical-

chemical environment.3 
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