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TRANSFORMATION OF ZOOPLANTON UNDER THE INFLUENCE
OF GLOBAL CLIMATE CHANGE (REVIEW)

In modern science, zooplankton is considered one of the most sensitive to climate change
links in aquatic ecosystems. This is explained by the fact that zooplankton has a high
reproduction rate, a short life cycle and correlations between physiological processes and the
temperature factor. It should be noted that zooplankton in water bodies is an important element
of the trophic chain, as it connects primary producers, namely phytoplankton, with higher-order
consumers, in particular marine mammals and commercially valuable fish species. At the same
time, zooplankton is an important component of the «biological carbon pumpy, as it provides
vertical transport of organic matter to the abyssal layers of aquatic ecosystems through the
mechanisms of gravitational sedimentation of fecal pellets and active vertical migration.
Accordingly, modern scientific data and regional studies of the Black and Azov Seas indicate
that climate transformation leads to changes in the biogeography, structure and functional
characteristics of zooplankton [1].

A very pronounced consequence of the global temperature increase is the meridional shift
of zooplankton distribution areas towards the poles. In particular, scientific studies conducted
in the North Atlantic have recorded an expansion of the habitats of thermophilic species to the
north by a distance of about 1000 km. At the same time, a rather striking example is the
replacement of the copepod species Calanus finmarchicus with the warmer species Calanus
helgolandicus. Such substitution is quite unfavorable for aquatic ecosystems, as Calanus
finmarchicus has a higher lipid content and higher energy value compared to Calanus
helgolandicus. Calanus finmarchicus is therefore an important food element for the survival of
cod larvae and other commercially valuable fish species [1].

At the same time, a number of scientific studies confirm that temperature fluctuations
affect not only the distribution areas, but also have an impact on the dominant groups of
zooplankton. Studies conducted in the Mediterranean Sea and the Atlantic Ocean have shown
that climate change has a significant and diverse impact on the following groups of
zooplankton: Calanus finmarchicus, Calanus helgolandicus; Temora stylifera; Euphausia
superba; Salpa thompsoni [2].

An important consequence of climate change for aquatic ecosystems and bioresources is
the phenological shift. The increase in temperature and the acceleration of early warming of
water lead to an early onset of seasonal peak values of zooplankton communities. As a result,
the mass development of copepods occurs somewhat earlier than the spring flowering of
diatoms, and the greatest development of zooplankton biomass does not coincide with the
moment of the appearance of fish larvae - this creates the phenomenon of the so-called «trophic
mismatchy». This is confirmed by monitoring scientific observations in the Arctic Ocean, where
it is noted that over the past 30 years the peak of the number of many zooplankton species has
shifted by approximately 10-22 days earlier and caused the degradation of populations of
certain fish species and seabirds.

Numerous scientific studies confirm the fact that temperature influences the reduction of
zooplankton body size. According to the metabolic theory of ecology, an increase in
temperature stimulates faster development of individuals, but they reach sexual maturity at a
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smaller body size. In warmer waters, the energy expenditure for maintaining metabolism
increases faster than the body's ability to absorb food, making large body size energetically
disadvantageous. Accordingly, this leads to the predominance of small copepod species,
protozoa, and rotifers. Thus, a number of scientific observations show that currently in the
Black Sea there is a tendency to replace large forms of zooplankton Calanus euxinus with
smaller species, in particular Acartia clausi. Accordingly, this process negatively affects trophic
chains, because now, for example, predatory fish species need much more time and energy to
maintain food balance [3].

In scientific research, special attention is paid to the process of ocean acidification, which
also has a significant negative impact on zooplankton communities. Thus, the absorption of
anthropogenic CO> leads to a decrease in pH and a decrease in the saturation of water with
calcium carbonate, in particular calcite and aragonite. This process has a very critical impact
on pteropods, coccolithophores, and foraminifera. For example, for many species of the
Southern Ocean and salmonids in the Pacific Ocean, pteropods are an important food source,
which threatens the extinction of these commercially valuable fish species by the end of the
21st century [2-3].

At the same time, for freshwater ecosystems of Ukraine, in particular the reservoirs of the
Dnieper cascade, climate change leads to thermal stress and eutrophication processes. The
development of cyanobacteria leads to stressful conditions for zooplankton, since their vast
majority is unfavorable for the nutrition of large forms of zooplankton. As a result, large species
of Daphnia magna, Daphnia pulex, which are effective filter feeders, are replaced by small
rotifers and copepods, which are less sensitive to cyanobacterial toxins, but have low efficiency
in controlling water bloom processes [4].

Scientific studies show that there is a general trend in the world towards a decrease in the
total biomass of zooplankton. According to forecasts, it is expected that by 2100 the total
biomass of zooplankton in the World Ocean will decrease by approximately 10-20%, which
will lead to a decrease in fish productivity in the future. And the expansion of oxygen minimum
zones will lead to difficulties in the vertical migration of many fish species.

Thus, climate change causes complex structural and functional transformations of
zooplankton, manifested in habitat shifts, phenological shifts, reduction in body size,
rearrangement of dominant groups, and overall reduction in biomass. Such processes have long-
term negative consequences for the trophic dynamics of aquatic ecosystems, the efficiency of
the "biological carbon pump," and fish productivity, which highlights the need for systematic
monitoring and adaptive management of aquatic bioresources.
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