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Collection of Copepods:

Copepods were collected from the Halifax River at the Dunlawton

causeway, by using a 50µm zooplankton net. The net filters out the water 

and gathers the zooplankton into a cup that is attached to the end of the 

net. The collected zooplankton were rinsed through a 500 µm sieve into a 

300 µm sieve to collect the largest copepods (Figure 2). The sieve allows 

for the water to be drained while catching the copepods that are too big to 

go through. Once the copepods are caught a wash bottle with Halifax River 

water in it is used to pour the copepods into a bucket. This process was 

repeated 4 times in an effort to catch enough copepods for the experiment. 

The copepods were transported back to Bethune Cookman University.

Housing and maintenance of Copepods:

Unwanted plankton species were removed from the plankton sample using 

a microscope and the remaining copepods were initially acclimated into 5 

different 2-liter buckets containing the experimental salinities. The five 

different salinities were: 0ppt, 10ppt, 15ppt, 22ppt and 35ppt. The 

copepods were held overnight for 24 hours at the experimental salinities 

and fed with 1 x105 cells-mL-1 of Isochrysis algae. An airline manifold was 

used to supply bubbles to the buckets to keep bacteria from building up. 

The point of this was to eliminate any copepods that couldn’t initially 

handle their new salinity. There was complete mortality in the 0ppt bucket, 

so research did not continue for that treatment. The copepods were evenly 

separated into 3 buckets per salinity and an airline manifold was used for 

those too (Figure 3). Every day all the bucket’s received a 100% water 

change, fed daily with 1 x105 cells-mL-1 of Isochrysis algae, and water 

quality was measured as well. Ammonia, pH, and Nitrate were analyzed 

using a Orion Versa Star Pro bench top meter with ion specific electrodes. 

Nitrite was measured using a API saltwater master test kit. 

Determining copepods survival 

Everyday 100-450 ml of water was sieved out of each bucket and the 

number of surviving copepods was counted. The sieved water from each 

container was examined three milliters at a time under the microscope. 

After the counts were done the copepods were returned back to their 

buckets.  

• Dominate copepod species within the Halifax has a salinity tolerance 

from 10-22ppt. Rapid mortality occurs at 0 and 35ppt.

• Additional studies are needed to determine growth rates of copepods in 

the lab

• Data mining and further experiments will be employed to determine 

variables and rates to utilize in a copepod population model (Figure 7)
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A plot of surviving copepod density over time in days was created for each 

salinity type to calculate the logarithmic change in population density in 

Excel. The rate of change of survival for each salinity was calculated using 

the following equation:

r =
𝑫 𝒇𝒊𝒏𝒂𝒍 − 𝑫 𝒊𝒏𝒊𝒕𝒊𝒂𝒍

𝑫 𝒊𝒏𝒊𝒕𝒊𝒂𝒍
r= rate of change

D final = final density of copepods at t=x

D initial = initial density of copepods at t=0

t = time

x = last measurement where the average density of copepods 

greater than 0

The following equation for logistic population growth was coded 

in MATLAB: 

Equation of logistic population growth:

ΔN = r Ni ((K-Ni)/K)

r = rate of change

Ni = initial population size

K= carrying capacity

Plots using the MATLAB code were created using rates of change from 

laboratory data, initial population sizes from field data, and rates of change 

from a published study Chinnery and Williams (2004). All plots utilized an 

artificial carrying capacity.
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Copepods are microscopic zooplankton that usually drift in different 

bodies of water. Copepods consume phytoplankton and microzooplankton

and are a major food source to predatory invertebrates and fish (Atkinson 

1996). If their living conditions change its important to know how this 

stresses them or how it effects their mortality rates. If their population 

decreases, then the whole ecosystem could fall apart because it leaves 

other animals with less to eat, causing a greater problem. 

The exposure to increases or decreases in salt, will cause copepods to work 

harder to keep the salt out of their bodies, which can cause dehydration, 

stress, and death (Cervetto et al 1999). The environment in which the 

copepods live can constantly change depending on the weather, location 

and other circumstances. Fresh water that comes from the rain can mix into 

high salinity bodies of water causing the salinity to decrease. However, 

salinity can increase from evaporation. When water evaporates it leaves the 

salt particles behind making the water saltier. 

While estuarine organisms are exposed to euryhaline shifts, the tolerance 

of changes in salinity can vary among species, developmental stage, and 

gender (Lance, 1964). Copepod species, Acartia tonsa, was found to have 

salinity tolerance from less than 1ppt to 72 ppt, with an optimal salinity 

range between 15-22 ppt (Cervatto et al., 1999), while Temora longicornis

has a narrow tolerance range of 25-31 ppt (Lance, 1964). While survival is 

possible in some salinities, reproduction can be delayed or cease outside of 

optimal conditions (Lance, 1964).

Researchers have identified a copepod species from the Halifax River in 

Daytona Beach, Florida, which can represent up to 85% of zooplankton 

sampled (Figure 1) (Richards et al., 2018). However, this species shows 

large fluctuations in population size, which have been correlated with 

changes in environmental variables, such as pH (Richards et al., 2018). 

The Halifax River experiences a lot of rainfall in the summer months, 

which can be further influenced by tropical storms or hurricanes. The 

Halifax River can also become saltier when ocean water from Ponce Inlet 

comes in from semidiurnal tidal change. 

The objectives of this study are to determine the effects of salinity on the 

survival of the most abundance copepod species in the Halifax River and 

model the temporal changes in copepod populations under different 

environmental conditions.
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y = -56.09ln(x) + 99.541
R² = 0.8112
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R² = 0.8198

y = -48.59ln(x) + 88.759
R² = 0.959

y = -71.45ln(x) + 85.449
R² = 0.9842
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Figure 1. Representative image of 
copepod species utilized

Figure 2. 
Researchers 
collecting and 
sorting copepods 
from the Halifax 
River at the 
Dunlawton
Causeway, Port 
Orange, FL

Figure 3. Experimental setup 
of copepods tested at 
salinities 0, 10ppt, 15 ppt, 22 
ppt, and 35 ppt at Bethune-
Cookman University
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Figure 4. (a) Copepod survival curves for each salinity plotted on a linear 
scale with associated logarithmic equations and r-squared values. Copepods 
at 35 ppt had a faster rate of mortality compared to the other tested 
salinities. (b) the proportion of copepod survival overtime was constant 
between days 1-5 for 10ppt, 15 ppt, and 22 ppt, and after day 5 the 
proportion of copepods surviving decreased, suggesting that 10 copepods 
per liter may be a critical density needed to sustain copepod populations.

Figure 5. (a) The tested copepod species have been found at densities of 7 
copepods/L in field samples (Richards et al., 2018). The model utilizes the 
survival rate of copepods found in lab trials in the logistic growth model 
designed in MATLAB. Using these survival rates on wild population densities, 
the copepod populations are projected to disappear in 2 days at all tested 
salinities. (b) Utilizing the initial density of 83.3 copepods/L and the tested 
survival rate in MATLAB, the copepods were projected to reach 0 ind/L in 5 
days. The model shows a slower decline than observed in lab trials for 35 
ppt.

Figure 6. Copepod survival data from salinity trials was acquired from 
Chinnery and Williams (2004) for Acartia spp. The MATLAB model was 
utilized a starting copepod density of 7 copepods/L, a carrying capacity of 
100 copepods/L, and the “r” values represent the copepod survival at each 
salinity (15.5 ppt = 29.3%; 20.6 ppt = 28.2%, 25 ppt = 29.0, 33 ppt = 83.3%). 
The copepod population at 33 ppt reached its carrying capacity at 5 days, 
whereas the other salinities reached carrying capacity at 25 days.

The success of this model using data with positive population growth rates 
demonstrates it is possible to model the Halifax River copepod species if 
reproduction can be established in laboratory trials. Additional studies to 
optimize copepod culture in the lab and to establish real carrying capacities 
is needed. 

Figure 7 (right). The Conceptual 

Model shows the possible factors that 
can effect copepods in the wild 
environment and the interaction 
between variables. The rate at which 
predators consume copepods can impact 
their population. The amount of algae 
available in their environment can cause 
them to starve and die out. 
Environmental factors including pH, 
Ammonia , nitrate etc. can effect the 
water quality and possibly make them 
sick. Anthropogenic stresses such as, 
pollution and climate change also effect 
the water quality. All of these factors play 
a substantial role in the survival and 
reproduction of copepods.

Figure 8 (left). The Conceptual Model 

shows the tested factors that can effect 
the adult copepods survival.  The different 
ranges of salinity effect the ranges of pH.
Ammonia comes from the copepods waste 
which can also  effect the pH. Ammonia is 
converted into nitrite by bacteria and the 
nitrite is converted into nitrate. Everything 
in this model plays a role in the overall 
experimental survival of these adult 
copepods. The model assumes no 
predation and constant food supply
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