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Abstract Since zooplankton is the main route of biomass transfer between producers and consumers, 
zooplankton secondary production is an important measure to evaluate the flow of matter through the 
trophic levels in aquatic food chains. Secondary production measures may be employed to characterize the 
zooplankton functional role and to assess the impacts on ecosystem processes and services. The objectives 
of this study were: 1- to review the main methods to quantify zooplankton secondary production and 2- to 
carry out a survey of the studies made in Brazil, identifying their gaps, potentialities and perspectives. We 
conducted a search of publications using secondary production measures in Brazilian aquatic environments 
in different databases ("Web of Science", "Scopus" and "Scielo"). We found that secondary production 
measures are based on three main approaches: physiological, enzymatic and population dynamics. The main 
measures of zooplankton secondary production used in freshwater environments are based on recruitment 
and biomass increase methods while in transitional and marine environments predominate measures based 
on growth rate. We found 60 publications among scientific articles, thesis and book chapters developed 
in Brazil. The studies on zooplankton secondary production have grown in recent years, however most 
publications were carried out in the southeast region, especially in reservoirs with descriptive approaches. 
Since there is still a lack of basic information on tropical species and environments, it is important to 
develop new studies focusing on more complex issues, such as aquatic ecosystems functioning, the effects 
of environmental changes and anthropic impacts on ecosystem processes and the aquatic environments 
contribution to biogeochemical global cycles.
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Introduction

The importance of production measures has been recognized since the last century due to the increasing 
concern to quantify ecosystem dynamics and functioning (Edmondson and Winberg 1971; Waters 1977). 
From the ecosystem functioning perspective, production is the mean by which energy is provided from 
one trophic level to the next (Waters 1977). However, it can also be understood as the set of processes by 
which heterotrophic organisms sustain and propagate themselves (Lehman 1988). It can also express the 
population or community fitness over time (Dolbeth et al. 2012). 

The secondary production of a system corresponds to the production of organic matter by heterotrophic 
organisms, which can be quantified by measuring the increase in biomass resulting from food assimilation 
per unit of time (Edmondson and Winberg 1971). It is the final step of all  processes involved in consumption 
and matter transformation (Santos-Wisniewski and Rocha 2007), life history patterns and survival strategies 
(Lehman 1988) and energy storage rates of consumers (Odum 1983). The idea behind the studies that 
measure secondary production is that the ecological units are analyzed as bioenergetic systems whose 
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balance between matter input and output is related to productivity (Petrusewicz and Macfadyen 1970). 
Since secondary production is a measure of the  fresh matter formed, its quantification   allows measuring 
the amount of biomass renewed per unit of time (Lampert and Sommer 1997).

According to Downing (1984) the use of secondary production measures is related to four different 
objectives: 1 - Comprehension of the transfer mechanisms of matter and energy; 2 - Management of 
water resources; 3 - Detection and evaluation of pollutants and 4 - Formulation and testing of biological 
productivity theories. Secondary production is a measure that has great advantages over others because it 
incorporates the population performance and integrates the biotic interactions among community members. 
The main advantages are: characterization of the species or community functional role; better assessment 
of the impacts of natural or anthropic disturbances on ecosystem processes and load capacity for a given 
resource (Dolbeth et al. 2012).

The first study of zooplankton secondary production was performed by Lindeman (1942), serving as a 
basis for further studies and establishing important information on the dissipative processes of excretion and 
respiration. Since then, the number of studies on secondary production has grown, especially in the 1970s 
after the publication of the International Biological Program (IBP) Handbook N17 (Edmondson & Winberg 
1971 - 1st ed., Rigler and Downing 1984 - 2nd ed.). The IBP Handbook N17 establishes the main methods 
of secondary production measurement and is still one of the main references for aquatic production studies.
With the increase of environmental changes, studies on secondary production, metabolism (respiration, 
excretion, feeding rates, etc.) and zooplankton trophic role represent priority research lines for ecologists 
around the world (Lopes 2007). However, although more than 30 years have passed since the publication 
of IBP Handbook N17, studies on secondary production are still scarce, especially in neotropics, despite 
their recognized importance (Abra 2012). The objective of this study was to review the main methods for 
quantifying zooplankton secondary production, their advantages and difficulties, as well as to evaluate the 
studies carried out in Brazil with this type of approach. Through an extensive review of the specialized 
literature, we have detailed procedures for calculating secondary production for different groups and types 
of environments, especially for freshwater environments that have been the most studied. We also identified 
the main gaps in studies using secondary production and the main perspectives for future research.

Measures of zooplankton secondary production

Zooplankton is characterized by species with short life cycles and high reproductive rates. Parameters such 
as density or biomass alone do not reflect all the responses of these organisms to ecological interactions and 
environmental factors (Edmondson 1974). Therefore, from an ecosystem approach, secondary production 
measures have particular importance (Melão and Rocha 2006 ; Dolbeth et al. 2012). In addition, because of 
their recognized role in energy transfer from producers to consumers in higher trophic levels, zooplankton 
secondary production provides valuable information for studies about trophic chains (Brito et al. 2016). 

The secondary production can be evaluated from three main methods: physiological measures, population 
dynamics analysis or, more recently, enzymatic measures (Melão 1999 ; Avila et al. 2012). Physiological 
methods are those that consider the rates of assimilation, respiration and/or organisms’ excretion. Methods 
based on population dynamics quantify cohort variations by the sum of increments among development 
phases or even by the product between growth rates and biomass (Melão 1999). The enzymatic method is 
based on the concentration in the water of enzymes related to the crustacean ecdysis process and, therefore, 
to its growth and biomass increase (Sastri and Dower 2009). For all methods, individual biomass, fecundity, 
development rates, predation, organism age, food availability and ecological interactions are important 
intrinsic factors that may affect the zooplankton production. In addition, climatic, hydrologic variations as 
well as disturbances also influence zooplankton secondary production (Melão and Rocha 2004).

Among the groups that make up the zooplankton, rotifers and microcrustaceans (copepods and 
cladocerans) are the most important. Despite their reduced size and lower biomass expression, when 
compared to other groups, the secondary production of rotifers may acquire special importance in certain 
types of environments where this group is abundant (Dias et al. 2014).  Their consumption capacities 
restricted to a certain type of food (small algae and detritus) and high reproductive rates result in an important 
conversion of organic matter through  the secondary production (Winberg 1971; Peláez-Rodrigues and 
Matsumura-Tundisi 2002 ; Dias et al. 2014). Thus, in terms of ecosystem processes, analysis of rotifers 
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secondary production represents a more realistic measure of the community’s energy and mass contribution 
than density or abundance (Peláez-Rodríguez and Matsumura-Tundisi 2002). For rotifers, the commonly 
used measure is the recruitment-based method described by Elster (1954; also found in Edmondson 1965; 
Edmondson and Winberg 1971; Rigler and Downing 1984). In this method, the difference in size between 
the newly hatched individual and the adult is irrelevant. Therefore, the finite birth rate is calculated in 
accordance with the following formula:

	 B=E/Te

Where: 
B = finite birth rate
E = number of eggs/female ratio
Te = egg development time
	

The values for the embryo development time of the egg can be obtained by experiments conducted in 
the laboratory, continuous sampling in field, by equations that consider the environment temperature values 
(see Bottrell et al. 1976) or in specific literature (for Brazilian continental aquatic environments see: Peláez-
Rodrigues and Matsumura-Tundisi 2002; Negreiros 2010; Negreiros 2014). Once the values of the finite 
birth rate are obtained, the recruitment of the community is calculated as the number of individuals added 
to the population by the formula:

	 Pn=Nf*B

Where: 
Pn = recruitment of new individuals
Nf = number of females
B = finite birth rate

The secondary production (organic matter weight) is obtained by multiplying the population recruitment 
value by the average individual weight in the equation:

	 P=Pn*W

Where: 
P = secondary production
Pn = recruitment of new individuals
W = average individual weight	

The weights of the rotifers can be obtained by direct weighting on a microanalytical precision balance 
or from their biovolumes obtained by the formulas provided by Ruttner-Kolisko (1977).

In freshwater environments several studies have found a great contribution of cladocerans to plankton 
productivity (Melão 1999; Brito 2010), while in marine environments the copepods contribution is more 
significant (Ara 2004; Ara 2008). Regardless of the type of environment, the most used secondary production 
measure for both groups of microcrustaceans is the biomass increase method proposed by Winberg et al. 
(1965) (also found in Edmondson & Winberg 1971). The population production will be the sum of the 
increments in weight, for each stage of development, age or size class. For cladocerans, which usually 
present continuous growth, it is more appropriate to consider size classes (neonates, young and adults). 
Thus, the simplified formula for secondary production is:

	

 :1فرمول 

 

 

 

 :2فرمول 

 

 

 :3فرمول 

 

 

Where: 
Pd = Production in a unit of time                           e = egg                 
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W = dry weight                                                       n=neonate
N = number of individuals                                      y=young
T = duration of each stage of development             a=adult

The secondary production calculation for copepods is done following the same procedure applied to 
cladocerans. As adults do not show growth, we consider the different phases of development (nauplii, 
copepodite and adult), development time and biomass of each phase (Winberg et al. 1965). Thus, the 
formula is:

	

 :1فرمول 

 

 

 

 :2فرمول 

 

 

 :3فرمول 

 

 

Where: 
Pd = Secondary Production in a unit of time              e=egg
W = dry weight                                                            n=nauplii
N = number of individuals                                           c1-2 = copepodite phase 1 to 2                                 
T = duration of each development stage                      c3-4 = copepodite phase 3 to 4
A = adult
	

The post-embryonic development time for each phase for both groups of microcrustaceans can be 
obtained through laboratory cultures or in the literature (see Bottrell et al. 1976; Espíndola 1994; Rietzler 
1995; Santos-Wisniewski and Rocha 2007; Santos et al. 2010). The weight can also be obtained directly 
by weighting on precision balance or indirectly calculated from weight-length regressions (See Botrell et 
al. 1976, for regressions of Brazilian species from lakes, floodplain lakes and reservoirs see Maia-Barbosa 
and Bozelli 2005; González et al. 2008; Azevedo et al. 2012; Brito et al. 2013). However, for most species 
this information has not yet been established. For marine species, this information is even more scarce (see 
Chisholm and Roff 1990 for weight-length regressions for tropical marine species).

Due to difficulties in obtaining the biomass increment values ​​of the different development phases for 
different species, other secondary production measures may be employed. An alternative calculation is the 
product between biomass and birth rate (Hart 1987). This type of estimate is most found in marine studies. 
First, the finite birth rate is estimated by the formula:							     
				  
	 β = E / N*Te

Where:
β = finite birth rate
E = density of eggs
N = adult population density
Te = time of embryonic development
	

Then, secondary production is estimated by the product of the finite birth rate and individual biomass:

	 P= β * B

Where: 
P = secondary production
B = biomass
β = finite birth rate

Many studies in marine environments still use other methods to estimate secondary production. These 
estimates are made by equations similar to those proposed by Hart (1987), but instead of considering the 
product between biomass and finite birth rate, the models consider the product of biomass by the rate of 
growth and are called production by instantaneous growth. Some studies propose the following equation 
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(Rigler and Downing 1984; Avila et al. 2012):

	 P= N*B*G

Where: 
P = secondary production
N = abundance or density
B = individual biomass
G = growth rate

In turn, growth rates can be calculated based in models that consider, at different levels, the influence 
of temperature, food availability and organism size. The most common models are those proposed by (1) 
Huntley and Lopez (1992), (2) Hirst and Sheader (1997), (3) Hirst and Lampitt  (1998) e (4)  Hirst and 
Bunker (2003), whose equations are:

 :1فرمول 

 

 

 

 :2فرمول 

 

 

 :3فرمول 

 

 

Where: 
G = growth rate
T = temperature
C = biomass in carbon content
Chlo-a = concentration of chlorophyll

a, b, c and d = coefficients for each development stage and spawning strategy (for more details see Hirst 
and Bunker 2003).

More recently, methods based on the relationship between the enzyme activities involved in ecdysis, 
mainly the enzyme quitobiase, and the growth of crustaceans has been developed. In this estimation, 
the method proposed by Sastri and Dower (2009) is the most widely used in studies in freshwater and 
marine environments. This method is based on the balance over time between the activity generated due 
to the enzyme released and the natural enzyme degradation, where there is a positive correlation between 
the quitobiase activity and the size and biomass of the microcrustaceans. However, this method may be 
inaccessible due to the complex chemical analyzes. It also may overestimate secondary production values ​​
due to interference from other non-planktonic organisms (e.g. benthic crustaceans) or enzyme releases by 
organism’s death and predation and not actually by increment or production.

All methods listed here have some limitations and difficulties. The great problems in the zooplankton 
secondary production measures are the validation of global growth models, accurate estimates of biomass 
and development time, especially for tropical species. Most equations available in the literature were 
elaborated based on temperate and freshwater species and the few estimates available for the tropical 
ones do not contemplate all species diversity. In addition, some problems listed by Melão (1999) are still 
present, such as: difficulties in the analysis of samples; definition of developmental stages or size classes; 
maintenance of laboratory cultures for determination of life cycle and problems in obtaining dry weight 
values. A large number of individuals of the same species and size class is required to reach a detectable 
level, even on high precision balances.

Despite its recognized importance, the entire procedure for obtaining the zooplankton secondary 
production is quite complex and laborious, especially during the sample analysis. It requires a long time 
for the individual’s measurement and/or weighting and/or cultivation. All these steps require a certain 
expertise, dedication, planning and full attention in the species identification or measurement. Because the 
microscopic size of the zooplankton, many errors and inaccuracies can occur during the sample analysis. 
All these difficulties make the studies with secondary production unattractive and/or infeasible, resulting in 
the low number of studies carried out in neotropical countries, such as Brazil, as detailed below.
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Studies with secondary production in Brazil: a case study

Studies carried out over the past decade have already pointed to the incipience of secondary production studies 
in tropical regions when comparing the amount of information produced for temperate environments (Lopes 
2007; Santos-Wisniewski and Rocha 2007). To quantify the number of studies carried out in Brazil using 
zooplankton secondary production and have an updated scenario of these studies, we searched for publications 
in the “Web of Science”, “Scopus” and “Scielo” databases. We used different combinations of the following 
keywords: 1- “Production” and “Zooplankton” and “Brazil”; 2- “Secondary production” and “Zooplankton” 
and “Brazil”; 3- “Productivity” and “Zooplankton” and “Brazil”. Searches with the same words in Portuguese 
were also performed. We also considered book chapters, doctoral thesis, master’s dissertations and publications 
that were not found in the initial searches in the databases, but which were cited in other publications. For 
publications whose access was not possible, we obtained the information from the abstract, keywords and title 
or from other publications that referred them. We considered publications made up to 2019.

We extracted the following information from the publications: year, type of publication, type of 
environment, type of ecosystem, region where the study was carried out, ecological approach according 
to Downing (1984), study group, biological organization level, secondary production measure and values 
of secondary production found in each study. All information and respective categories extracted from 
the publications are detailed in Table 1. Review studies that did not present original data on secondary 
production were not included.	

A total of 60 studies were developed in Brazil on zooplankton secondary production during the period 
from 1984 to 2019 (Table 2, Figure 1). Among these studies, 34 or 56.66  % are articles published in 

Table 1 Data extracted from 59 studies on zooplankton secondary production published from 1984 to 2019 in Brazil. *two or more ecosystem; 
**studies on zooplankton culture or experiments were classified among of the type of environment (marine, freshwater or transitional) according 
to the origin of the species used. 
 

 Category Sub-category 
Year of publication - - 
Type of publication Article 

Thesis/Dissertation 
Book chapter 
Scientific Meeting abstract 

- 

Type of environment and ecosystem Freshwater  
 
 
 
 
Marine  
 
 
 
Transitional 

Reservoir 
Floodplain lake 
Lake 
Coastal lagoon 
 
Continental shelf 
Coral reef 
Estuary 
 
Mangrove/Estuary 
Lagoon/Estuary 
 
Various* 
 
Culture/Experiment** 

Region North  
Northeast 
Central-western,  
Southeast 
South 

- 

Ecological approach Matter and energy transfer mechanisms 
Management of water resources 
Detection and evaluation of pollution agents 
Hypothesis testing about productivity 
Methodological 

 

Study group Mesozooplankton 
Copepods 
Cladocerans 
Rotifers 
Two or more groups 

 

Biological organization level Population 
Community 

 

Secondary production measure - - 
Secondary production values Minimum 

 
Maximum 
 
 

mgDW m-3 day-1 

mgC m-3 day-1 

 

mgDW m-3 day-1 

mgC m-3 day-1 
 

  

Table 1 Data extracted from 60 studies on zooplankton secondary production published from 1984 to 2019 in Brazil. *two 
or more ecosystem; **studies on zooplankton culture or experiments were classified among of the type of environment 
(marine, freshwater or transitional) according to the origin of the species used.
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national and international journals, 22 or 36.66 % are PhD theses and master’s dissertations, 2 are book 
chapters and 2 are abstracts of scientific meetings, making up together about 7 % of publications. The 
first publications on secondary production occurred in the 80’s and after a period without any publication 
(between 1989 and 1992), there is an increase in the number of publications up to 2019 (Figure 1). Most 
studies were conducted in freshwater environments or with species from these environments (Figure 1). 
The first publication for transitional environments occurred in 1998 and in a marine environment only in 
2003. In a review of marine zooplankton studies from Brazil, Lopes (2007) already pointed out the small 
number of publications and the necessity to  investigate the process and mechanisms that govern the trophic 
interactions. He also pointed out the lack of studies on zooplankton production in relation to abiotic factors 
(Lopes 2007). However, the increase in number of publications was small for all types of environments.

Given the species loss scenario and environmental degradation, the discrete increase in the number 
of publications is a result of researchers’ concern to quantify the relationship between productivity and 
ecosystem services. Recent estimates reinforce the importance of biodiversity for biomass accumulation 
and resource use within different trophic levels, with important implications for ecosystem services such 
as fishery, food production and water purification (Duffy et al. 2017).  Caliman et al. (2010) found that 
ecologists are already recognizing the potential of aquatic environments to increase the knowledge on 
ecosystem functioning. Therefore, the use of zooplankton secondary production measures may be an 
essential tool for understanding the mechanisms that govern the functioning of aquatic environments. 

When considered the region of Brazil where the studies were developed, the results showed a 
predominance of the Southeast region, with 44 studies or 73.33 % of all publications, followed by the South 
region, with 10 publications or 16.66 %. In the North region only 4 publications were found (6.66%) and for 
the Northeast region only 2 (3.33%) (Table 2, Figure 2). No publication was found for the Central-Western 
region of Brazil. The predominance of studies in the Southeast region is expected since the most part of 
universities and research centers are concentrated in this region and, consequently, most of the research 
groups on aquatic ecology. This fact is a result of the historical process of Brazilian development, where 
the Southeast region concentrates not only the largest populations, but also the most important economic 
centers. Brazil is a country of continental dimensions and the difficulty of covering larger areas is a great 
challenge in terms of economic and human resources. 

The lack of studies in the North and Central-Western regions is surprising since they have the world’s 
most important river basins in terms of area and volume (Amazonian basin in North) and the largest wetland 

Fig. 1 Number of publications on zooplankton secondary production in Brazil from 1984 until 
2019 divided by type of environment. 
  

Fig. 1 Number of publications on zooplankton secondary production in Brazil from 1984 until 2019 divided by type of 
environment.
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(Pantanal in Central-Western). For marine environments the pattern is the same, the studies are concentrated 
on the Southeast region. However, Southeast region corresponds only to 1,650 km of the total 7,367 km of 
the Brazilian coast (IBGE, 2011). Considering the importance of zooplankton to matter transfer in marine 
trophic chains and fishery production, the absence of studies on secondary production in other regions 
of Brazil is equally surprising. Our results illustrated that even today there is a lack of knowledge about 
aquatic productivity in Brazil.  Since this information is practically nonexistent, the development of studies 
investigating the mechanisms that govern the productivity on these environments is urgent.

We found studies in 9 different types of aquatic ecosystems, studies carried out in more than one 
ecosystem and experimental studies in laboratory (Table 2). Reservoir was the most studied ecosystem, 
with 24 publications on zooplankton secondary production or 40  % of the total. Mangrove/estuary, 
floodplain lakes and continental shelf were the second most studied ecosystems with 6 publications or 10% 
each (Figure 2). Pioneering studies on secondary production were carried out in reservoirs and only from 
the 2000s onwards occurred a real diversification of the types of environments as a consequence of the 
increase in the number of studies. Until now studies on secondary production in reservoirs continues to be 
a  common research area (Brito et al. 2016). This predominance  is related to several objectives, such as the 
assessment of the potential of energy production, evaluation of multiple uses, pollution effects, potential 
for the discharge of sanitary sewage and water quality control (Peláez-Rodrigues and Matsumura-Tundisi 
2002; Brito 2010; Viti et al. 2013). Reservoirs can also be used for leisure activities, water consumption 
and aquiculture. Therefore, understanding the trophic relationships and matter transfer through secondary 
production measures is an important management tool for these environments.

The few studies carried out on ecosystems such as coastal lagoons, temporary environments and coral 
reefs illustrate how these environments are still neglected in relation to their productivity. Although they 
are recognized for their high contribution to biogeochemical cycles, trophic webs and productivity at global 
levels (Esteves et al. 2008; Figueirêdo 2014; Calhoun et al. 2017), little is known about such information 
in Brazilian environments.

Regarding the level of biological organization, most studies considered the secondary production at 
community level (more than three species). However, the number of studies evaluating only one or few 

 

Fig. 2 Number of publications on zooplankton secondary production in Brazilian regions among 
different ecosystem types and sampling sites. 
  

Fig. 2 Number of publications on zooplankton secondary production in Brazilian regions among different ecosystem types 
and sampling sites.
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species was quite expressive (Table 2). Many authors choose to evaluate few species or only a group 
of organisms due to the difficulties in evaluating the secondary production for all groups, as previously 
explained. In this sense, studies considering only the secondary production of copepods were the majority, 
with 19 publications, whereas studies with all three main groups (copepods, cladocerans and rotifers) 
were only 10 (Table 2, Figure 3). In marine and freshwater environments copepods can account for 
most of the zooplankton biomass, but the predominance of studies evaluating this group is related to the 
facility to manipulate larger specimens and the easy identification of the developmental stages (nauplii, 
copepodites and adults). However, an integrated view of all groups allows a more accurate evaluation of 
zooplankton secondary production. For example, for freshwater environments, studies have shown that 
microzooplankton, rotifers and cladocerans may present greater importance than expected by their biomass 
(Panarelli et al. 2010; Dias et al. 2014)

Most of the publications had as their main ecological approach the hypothesis testing about productivity 
(sense Downing, 1984). Most of which correspond to studies describing seasonal or spatial patterns of 
zooplankton production (Table 2). Research on zooplankton secondary production has been primarily 
descriptive, with most studies focusing on community structure analysis (Lopes 2007). The lack of studies 
evaluating food webs and energy transfer through trophic levels, as well as the correlation of secondary 
production with broader ecosystem patterns and processes, illustrates how this field of knowledge in Brazil 
is recent. The compilation of basic information on Brazilian ecosystem’s productivity is still necessary for 
the characterization of these environments and, consequently, for the understanding of its functioning and 
management of its resources and services.  

Mangroves were characterized as the most productive ecosystems, reaching values ​​higher than 1000 
mg DW m-3 day-1 (Figure 4). Similarly, a study in mangroves located in India found zooplankton secondary 
production values ​​around 850 mg C m-3 day-1 (Nayar et al. 1999). These environments are widely recognized 
for their high productivity since there is a large amount of carbon available for secondary production from 
decomposing organic matter (Odum and Heald 1975 ; Komiyama et al. 2008). The high levels of mangrove 
productivity have been associated mainly with hydrological conditions, such as salinity levels, and the 
concentration and composition of organic detritus from the mangrove forest (Magalhães et al. 2011). 
Zooplankton production in these environments contributes significantly to carbon transfer to higher trophic 
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levels (Magalhães et al. 2016) and consequently to fishery production (Rakhesh et al. 2008). However, the 
number of studies investigating the productivity of Brazilian mangroves is still incipient, considering the 
relevance of these environments in both economic and conservation terms.

Even with few studies, continental lakes were the second most productive environment, followed 
by reservoirs (Figure 4). Continental aquatic environments have also been recognized for their high 
productivity (Esteves et al. 2008) with values ​​often overcoming surrounding terrestrial environments 
(Hunter et al. 2017). Although globally they only contribute with 6 % of the planetary surface coverage, 
continental aquatic environments play a key role in biogeochemical cycles, they are sources and sinks of 
carbon and important buffers of the landscape hydrological variation (Junk et al. 2013). Lakes can have a 
disproportionate contribution in relation to their areas (Biggs et al. 2017, Calhoun et al. 2017). Globally, 
estimates have shown that inland aquatic environments can process twice as much carbon content annually 
than that calculated as the contribution of large rivers and oceans (Downing 2010). Despite their importance, 
productivity estimates for Brazilian continental aquatic environments are practically nonexistent (Bozelli 
et al. 2018).

Continental shelf showed the highest values ​​of secondary production among marine environments with 
maximum value of 163.2 mg C m-3 day-1 (Figure 4). The high productivity of the Brazilian continental shelf 
is associated with the great abundance of species and small climatic seasonality (Lopes 2007; Dias et al. 
2015). Some studies indicate that this region of the Atlantic Ocean has the highest production values ​​on the 
planet, exceeding global average (Ara 2001; Miyashita et al. 2009; Duarte et al. 2014). The large biomass 
production on the continental shelf is associated with mechanisms of fertilization such as the discharge 
of nutrients by large rivers and the upwelling of deep water (Lopes 2007; Duarte et al. 2014; Dias et al. 
2015). The high zooplanktonic production on the continental shelf is very important for fishery production 
in Brazil (Duarte et al. 2014). However, studies are still incipient and scarce, mainly in the north Brazilian 
neritic section (Lopes 2007).

Surprisingly, estuaries and coral reefs, environments traditionally considered as the most productive in 
the world (Crossland et al. 1991), presented low values ​​of secondary production with a maximum value 
of 0.1 mg C m-3 day-1 (Figure 4). For example, a study conducted in coral reefs of the coast of Malaysia 
found average values ​​ranging from 0.93 to 1.83 mg C m-3 day-1 (Nakajima et al. 2014). In an estuary 
located in Portugal, the average of zooplankton secondary production ranged from 0.03 to 0.13 mg C m-3 
day-1 (Gonçalves et al. 2015). Coral reefs and estuaries cover a small surface area in global terms, but 
may account for more than 10 % of the world’s fishery production (Pauly et al. 2002). The low values 
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found for the Brazilian environments may be associated with the small number of studies, resulting in low 
temporal and spatial variability. Therefore, it is crucial to establish estimates of production rates at different 
seasons and sampling sites for a real understanding of the ecological mechanisms that sustain the marine 
food webs (Nakajima et al. 2014). In this sense, it is necessary to expand the studies developed in Brazil 
mainly because the great variety, extension and complexity of the estuarine and reef environments along 
the Brazilian coast.

Conclusions, recommendations and perspectives

The studies with zooplankton secondary production in Brazil have grown in recent years, however there 
is a concentration of studies carried out in the southeast region, especially in reservoirs with descriptive 
approaches. The methods used in the measurement of secondary production are diversified and there is no 
standard method, but measures based on recruitment and biomass increment are the most used in freshwater 
environments. In transitional and marine environments measures based on growth rates are largely applied.

Considering the importance of zooplankton secondary production for the real understanding of the 
mechanisms of matter and energy transfer in trophic chains and their use in the management of aquatic 
environments, we suggest that efforts should be made to increase the number of studies. Special attention 
should be paid to environments that are historically neglected or at risk of degradation, such as small 
wetlands and coral reefs. There is also a wide variety of aquatic environments in which this type of study 
has not yet been performed and, in the face of a scenario of global changes and anthropic impacts (Caliman 
et al. 2010; Junk et al. 2013; Hunter 2017), studies on the functioning of these ecosystems are paramount. 
We suggest that further studies be carried out mainly in small ponds, marshes and coastal lagoons in central, 
north and northeast of Brazil and in the continental shelf, estuaries and coral reefs along the entire coast. 
However, efforts for the entire national territory for all types of environment must be considered since the 
total number of studies is very low.

In general, we recommend that measures of secondary production be carried out for the whole 
zooplankton community, allowing a more realistic view of the organism’s functional role. Both abundant 
and rare species must be considered, since some studies have shown that the removal of species with 
less than 10% of the community biomass, can cause disproportionate effects on the upper trophic levels 
(Bracken and Low 2012). In addition, studies that use secondary production measures as indicators of 
ecosystem processes coupled with measures of community functional diversity can allow us the appropriate 
measurement of the biodiversity effects on ecosystem functioning (McGill et al. 2006). 

There is still a lack of basic information on tropical environments. In this sense, basic studies on the 
biology of organisms can be done addressing more complex issues, such as the effects of environmental 
changes and human impacts on ecosystem productivity and the real contributions of aquatic environments 
to biogeochemical global cycles.

Competing interests The authors declare that they have no competing interests.

Authors’ contributions RBS conceived of the study, participated in its design, helped to draft the manuscript, collected the data 
presented and wrote the manuscript. RAN contributed to the data acquisition and made the graphics. RLB contributed to the data 
acquisition and reviewed the manuscript. All authors read and approved final manuscript.

Acknowledgments The authors would like to thank the Professors Paulina M. Maia-Barbosa, Arnola Cecilia Rietzler and Claudia 
Costa Bonecker for kindly providing some of the publications evaluated in this study. 

References
Abra J (2012) Atributos populacionais e produtividade secundária de rotíferos em ambientes lacustres naturais e artificiais. Thesis, 

Universidade Estadual Paulista, 276 p
Ara K (2001) Temporal variability and production of Euterpina acutifrons (Copepoda: Harpacticoida) in the Cananéia Lagoon 

estuarine system, São Paulo, Brazil. Hydrobiologia 453-454:177–187. doi: 10.1023/A:1013144707201
Ara K (2004) Temporal variability and production of the planktonic copepod community in the Cananéia lagoon estuarine system, São 

Paulo, Brazil. Zool Stud 43:179–186
Ara K (2008) Temporal variability and production of Temora turbinata (Copepoda: Calanoida) in the Cananéia Lagoon estuarine 

system, São Paulo, Brazil. Sci Mar 66:399–406. doi: 10.3989/scimar.2002.66n4399
Avila TR, Machado AA de S, Bianchini A (2012) Estimation of zooplankton secondary production in estuarine waters: Comparison 

between the enzymatic (chitobiase) method and mathematical models using crustaceans. J Exp Mar Bio Ecol 416–417:144–152. 
doi: 10.1016/j.jembe.2012.02.015



Int Aquat Res (2020)  12:85-9998

Azevedo F, Dias JD, Braghin LSM, Bonecker CC (2012) Lenght-weight regressions of the microcrustacean species from a tropical 
floodplain. Acta Limnol Bras 24:1–11

Biggs J, von Fumetti S, Kelly-Quinn M (2017) The importance of small waterbodies for biodiversity and ecosystem services: 
implications for policy makers. Hydrobiologia 793:3–39. doi: 10.1007/s10750-016-3007-0

Bottrell HH, Ducan A, Gliwicz ZM, et al (1976) Review of some problems in zooplankton production studies. Norw J Zool 24:419–
456

Bozelli RL, Farias D da S, Lima SKF, et al (2018) Pequenas áreas úmidas: importância para conservação e gestão da biodiversidade 
brasileira. Biodiversidade e gestão 2:122–138

Bracken MES, Low NHN (2012) Realistic losses of rare species disproportionately impact higher trophic levels. Ecol Lett 15:461–7. 
doi: 10.1111/j.1461-0248.2012.01758.x

Brito SL (2010) Caracterização limnológica e produtividade secundária das principais espécies de microcrustáceos em dois braços dos 
reservatórios de três marias e furnas, Minas Gerais, Brasil. Thesis, Universidade Federal de Minas Gerais

Brito SL, Maia-Barbosa PM, Pinto-Coelho RM (2013) Leght-weight relationships and biomass of the main microcrustacean species 
of two large tropical reservoirs in Brazil. Brazilian J Biol 73:593–604

Brito SL, Maia-Barbosa PM, Pinto-Coelho RM (2016) Secondary productivity of main microcrustacean species of two tropical 
reservoirs in Brazil and its relationship with trophic state. J Limnol 75:320–329. doi: 10.4081/jlimnol.2016.1267

Calhoun AJK, Mushet DM, Bell KP, et al (2017) Temporary wetlands: challenges and solutions to conserving a “disappearing” 
ecosystem. Biol Conserv 211:3–11. doi: 10.1016/j.biocon.2016.11.024

Caliman A, Pires AF, Esteves F a., et al (2010) The prominence of and biases in biodiversity and ecosystem functioning research. 
Biodivers Conserv 19:651–664. doi: 10.1007/s10531-009-9725-0

Chisholm LA, Roff JC (1990) Marine Biology Size-weight relationships and biomass of tropical neritic copepods. Mar Biol 106:71–77
Crossland CJ, Hatcher BG, Smith SV (1991) Role of coral reefs in global ocean production. Coral Reefs 10:55–64
Dias CO, Araujo A V., Vianna SC, et al (2015) Spatial and temporal changes in biomass, production and assemblage structure of 

mesozooplanktonic copepods in the tropical south-west Atlantic Ocean. J Mar Biol Assoc United Kingdom 95:483–496. doi: 
10.1017/S0025315414001866

Dias JD, Bonecker CC, Miracle MR (2014) The rotifer community and its functional role in lakes of a neotropical floodplain. Int Rev 
Hydrobiol 99:72–83. doi: 10.1002/iroh.201301706

Dolbeth M, Cusson M, Sousa R, et al (2012) Secondary production as a tool for better understanding of aquatic ecosystems. Can J Fish 
Aquat Sci 69:1230–1253. doi: 10.1139/f2012-050

Downing JA (2010) Emerging global role of small lakes and ponds: little things mean a lot. Limnetica 29:9–24. doi: 10.23818/
limn.29.02

Downing JA (1984) Assessment of Secondary Production. In: Downing JA, Rigler FH (eds) A manual on methods for the assessment 
of secondary productivity in freshwaters, 2nd edn. Blackwell Scientific Publications, London, pp 1–12

Duarte AK, Kinas PG, Muxagata E, Odebrecht C (2014) Zooplankton biomass distribution in the subtropical Southwestern Atlantic 
Ocean: Relationships with environmental factors and chlorophyll a. Panam J Aquat Sci 9:239–258

Duffy EJ, Godwin CM, Cardinale BJ (2017) Biodiversity effects in the wild are common and as strong as key drivers of productivity. 
Nature 549:261–264. doi: 10.1038/nature23886

Edmondson WT (1965) Reproductive rate of planktonic rotifers as related to food and temperature in nature. Ecol Monogr 35:61–111
Edmondson WT (1974) Secondary production. Int Vereinigung Theor Angew Limnol Mitteilungen 20:229–272
Edmondson WT, Winberg GG (1971) A manual on methods for the assessment of secondary productivity in freshwaters. IBP 

Handbook n.17. Blackwell Sci. Publ. Oxford and Edinburgh, Philadelphia
Elster HJ (1954) Einige gedanken zur systematik, zielsetzung und terminologie der dynaschen limnologie. Arch fur Hydrobiol 

20:487–523
Espíndonla ELG (1994) Dinâmica da associação congenérica das espécies de Notodiaptomus (Copepoda, Calanoida) no reservatório 

de Barra Bonita, SP. Univrsidade de São Paulo
Esteves FA, Caliman  A, Santangelo JM, et al. (2008) Neotropical coastal lagoons: an appraisal of their biodiversity, functioning, 

threats and conservation management. Braz J Biol 68:967–981
Figueirêdo LGP (2014) Estrutura Da comunidade E produção dos copepoda do microzooplâncton da apa costa dos corais, Tamandaré, 

Pe, Brasil
Gonçalves DA, Marques SC, Primo AL, et al (2015) Mesozooplankton biomass and copepod estimated production in a temperate 

estuary (Mondego estuary): Effects of processes operating at different timescales. Zool Stud 54. doi: 10.1186/s40555-015-0135-6
González E, Matsumura-Tundisi, Tundisi J (2008) Size and dry weight of main zooplankton species in Bariri reservoir (SP, Brazil). 

Brazilian J Biol 68:69–75. doi: 10.1590/s1519-69842008000100010
Hart RC (1987) Population dynamics and production of five crustacean zooplankters in a subtropical reservoir during years of 

contrasting turbidity. Freshw Biol 18:287–318
Hirst AG, Bunker AJ (2003) growth of marine planktonic copepods: global rates and patterns in relation to chlorophyll a, temperature, 

and body weight. Limnol Oceanogr 48:1988–2010
Hirst AG, Lampitt RS (1998) Towards a global model of in situ weight-specific growth in marine planktonic copepods. Mar Biol 

132:247–257. doi: 10.1007/s002270050390
Hirst AG, Sheader M (1997) Are in situ weight-specific growth rates body-size independent in marine planktonic copepods? A re-

analysis of the global syntheses and a new empirical model. Mar Ecol Prog Ser 154:155–165. doi: 10.3354/meps154155
Hunter ML (2017) Conserving small natural features with large ecological roles: An introduction and definition. Biol Conserv 211:1–

2. doi: 10.1016/j.biocon.2016.12.019
Hunter ML, Acuña V, Bauer DM, et al (2017) Conserving small natural features with large ecological roles: A synthetic overview. Biol 

Conserv 211:88–95. doi: 10.1016/j.biocon.2016.12.020
Huntley ME, Lopez MDG (1992) Temperature-dependent production of marine copepods: a global synthesis. Am Nat 140:201–242
IBGE (2011) Atlas geográfico das zonas costeiras e oceânicas do Brasil. IBGE, Rio de Janeiro
Junk WJ, An S, Finlayson CM, et al (2013) Current state of knowledge regarding the world’s wetlands and their future under global 

climate change: A synthesis. Aquat Sci 75:151–167. doi: 10.1007/s00027-012-0278-z



99Int Aquat Res (2020)  12:85-99

Komiyama A, Ong JE, Poungparn S (2008) Allometry, biomass and productivity of mangrove forests: A review. Aquat Bot 89:128–137
Lampert W, Sommer U (1997) Limnoecology: The ecology of lakes and streams. Oxford University Press, Oxford
Lehman JT (1988) Ecological principles affecting community structure and secondary production by zooplankton in marine and 

freshwater environments. Limnol Oceanogr 33:931–945. doi: 10.4319/lo.1988.33.4_part_2.0931
Lindeman R (1942) The Trophic-Dynamic Aspect of Ecology. Ecology 23:399–417
Lopes RM (2007) Marine zooplankton studies in Brazil: a brief evaluation and perspectives. An Acad Bras Cienc 79:369–379
Magalhães A, Nobre DSB, Bessa RSC, et al (2016) Diel variation in the productivity of Acartia lilljeborgii and Acartia tonsa 

(Copepoda: Calanoida) in a tropical estuary (Taperaçu, Northern Brazil). J Coast Res 165:1164–1169. doi: 10.2112/si65-197.1
Magalhães A, Nobre DSB, Bessa RSC, et al (2011) Seasonal and short-term variations in the copepod community of a shallow 

Amazon estuary (Taperaçu , Northern Brazil). J Coast Res 1520–1524
Maia-Barbosa PM, Bozelli RL (2005) Lenght-weight relationships for five cladoceran species in an Amazonian lake. Brazilian Arch 

Biol Technol 48:303–308
McGill BJ, Enquist BJ, Weiher E, Westoby M (2006) Rebuilding community ecology from functional traits. Trends Ecol Evol 21:178–

185. doi: 10.1016/j.tree.2006.02.002
Melão MDGG (1999) Desenvolvimento e aspectos reprodutivos de cladóceros e copépodos de águas continentais brasileiras. In: 

Pompêo MLM (ed) Perspectivas de limnologia no Brasil. Gráfica e Editora União, São Luiz, pp 45–57
Melão MDGG, Rocha O (2004) Life history, biomass and production of two planktonic cyclopoid copepods in a shallow subtropical 

reservoir. J Plankton Res 26:909–923. doi: 10.1093/plankt/fbh080
Melão MGG, Rocha O (2006) Life history, population dynamics, standing biomass and production of Bosminopsis deitersi (Cladocera) 

in a shallow tropical reservoir. Acta Limnol Bras 18:433–450
Miyashita LK, De Melo Júnior M, Lopes RM (2009) Estuarine and oceanic influences on copepod abundance and production of a 

subtropical coastal area. J Plankton Res 31:815–826. doi: 10.1093/plankt/fbp039
Nakajima R, Yoshida T, Othman BHR, Toda T (2014) Biomass and estimated production rates of metazoan zooplankton community 

in a tropical coral reef of Malaysia. Mar Ecol 35:112–131. doi: 10.1111/maec.12062
Nayar S, Gupta TRC, Gowda G (1999) Secondary production and zooplankton biomass in a tropical coastal lagoon near Mangalore, 

southwest coast of India. Indian J Fish 46:281–288
Negreiros NF (2010) Variação anual da diversidade e produção secundária de rotifera do reservatório da UHE de Furnas-MG/Brasil. 

Universidade Federal de São Carlos
Negreiros NF (2014) Limnologia de lagos de várzea do rio Madeira com ênfase na diversidade e produção secundária da comunidade 

zooplanctônica. Universidade Federal de São Carlos
Odum HT (1983) Maximun power and efficiency: a rebuttal. Ecol Model 20:71–82
Odum WE, Heald EJ (1975) Mangrove forests and aquatic productivity. In: Hasler AD (ed) Coupling of land and water systems. 

springer-Verlag, New York, pp 129–136
Panarelli EA, Casanova SMC, Henry R (2010) Secondary production and biomass of Cladocera in marginal lakes after the recovery 

of their hydrologic connectivity in a river-reservoir transition zone. Lakes Reserv Res Manag 15:319–334. doi: 10.1111/j.1440-
1770.2010.00444.x

Pauly D, Guénette S, Christensen V, et al. (2002) Towards sustainability in world fisheries. Nature 418:689–695. doi: 10.1038/
nature01017

Peláez-Rodrigues M, Matsumura-Tundisi T (2002) Rotifer production in a shallow artificial. Brazilian Jounal Biol 63:509–516
Petrusewicz K, Macfadyen A (1970) Productivity of terrestrial animals: Principles and methods.IBP Handbook 13. Blackwell, Oxford
Rakhesh M, Raman A V., Kalavati C, et al. (2008) Zooplankton community structure across an eddy-generated upwelling band close 

to a tropical bay-mangrove ecosystem. Mar Biol 154:953–972. doi: 10.1007/s00227-008-0991-2
Rietzler AC (1995) Alimentação, ciclo de vida e análise da coexistência de ciclopoidas no reservatório de Barra Bonita, SP. Thesis, 

Universidade de São Paulo
Rigler FH, Downing JA (1984) The calculation of secondary productivity. In: Downing JA, Rigler FH (eds) A manual on methods for 

the assessment of secondary productivity in fresh waters, 2nd edn. Blackwell Scientific Publications, Oxford, pp 19–58
Ruttner-Kolisco A (1977) Suggestions for biomass calculations of plankton rotifers. Arch fu Hydrobiol 8:71–76
Santos-Wisniewski M, Rocha O (2007) Spatial distribution and secondary production of Copepoda in a tropical reservoir: Barra 

Bonita, SP, Brazil. Brazilian J Biol 67:223–233. doi: 10.1590/s1519-69842007000200007
Santos R, Negreiros N, Silva L, et al. (2010) Biomass and production of Cladocera in Furnas Reservoir, Minas Gerais, Brazil. Brazilian 

J Biol 70:879–887. doi: 10.1590/s1519-69842010000400019
Sastri AR, Dower JF (2009) Interannual variability in chitobiase-based production rates of the crustacean zooplankton community in 

the Strait of Georgia. Mar Ecol Prog Ser 388:147–157
Viti T, Wisniewski C, Orlando TC, Santos-Wisniewski MJ dos (2013) Life history, biomass and production of Coronatella rectangula 

(Branchiopoda, Anomopoda, Chydoridae) from Minas Gerais. Iheringia Série Zool 103:110–117. doi: 10.1590/s0073-
47212013000200005

Waters T. F. (1977) Secondary production in inland waters. Adv Ecol Res 91–164
Winberg GG (1971) Methods for the estimation of production of aquatic anmals. Limnol Oceanogr 17:296-317
Winberg GG, Pechen GA, Shusshkina EA (1965) Production of planktonic crustaceans in three lakes of different type. Zool Zhurnal 

44:676–687

Publisher’s Note
IAU remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


	Zooplankton secondary production: main methods, overview and perspectives from Brazilian studies 
	Abstract
	Keywords
	Introduction
	Measures of zooplankton secondary production 
	Studies with secondary production in Brazil: a case study 
	Conclusions, recommendations and perspectives 
	Competing interests
	Authors’ contributions
	Acknowledgments
	References


