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Key points

The Nova Kakhovka Dam destruction was a tragic event with societal, economic and environmental

consequences

This tragic event may nevertheless represent an opportunity to manage towards promoting

freshwater habitats and species

Not rebuilding could allow large-scale ecological restoration and enhancement of longitudinal

connectivity in the lower Dnieper
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Abstract

Since ancient times water has been part of conflicts, either as a trigger, a weapon or a casualty. On the
6th of June 2023, the Nova Kakhovka Dam was destroyed as a consequence of the Russian-Ukrainian
conflict. Environmentally, this catastrophe poses multiple challenges, however, it may also lead to an
effective reconnection of a considerable portion of the lower Dnieper River network (360% increase in
river length and 2.5-fold increase in river connectivity), benefiting 17 economically important
diadromous, 27 potamodromous and 15 resident fish species. During World War 11, the “Lenin Dam”
near Zaporizhzhya was destroyed twice, in 1941 and 1943, being reconstructed afterwards. This may
indicate a future reconstruction of the Nova Kakhovka Dam, but not rebuilding could represent an
opportunity for large-scale ecological restoration and enhancement of longitudinal connectivity in the
lower Dnieper. It could be an unprecedented reconnection of a European large river favouring habitats
belonging to the Pan-European network of protected sites (the Emerald Network) and over 50
freshwater fish species. To achieve this, alternative solutions to the Dnieper cascade should be found,
one that ideally maintains the provisioning of Ecosystem Services and safeguards the needs and security

of the human population without the Nova Kakhovka dam reconstruction.

Data Statement

Data was made available at the Open Science Framework platform (see Duarte, G. & Branco, P. 2023. The Open
Science Framework. DOI:10.17605/0SF.I0/AGCK4). The River Network Toolkit is a freely available Software

(http://rivtoolkit.com/), the version used is currently under testing and thus available by request.

Plain Language Summary

Freshwater facilities are common casualties during armed conflicts, and the Russian-Ukraine war is no

exception. So far, the most pervasive war action involving the use of a freshwater infrastructure was



42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

the destruction of the Nova Kakhovka Dam, constituting an economic, societal and environmental
catastrophe of great proportions. The Dnieper cascade of reservoirs and dams is responsible for the
current degraded ecological state of freshwater habitats and the decline and extinction of native
freshwater species, especially for diadromous fish species. As such, this tragic event may present a
unique opportunity for management towards freshwater fish species conservation and river

connectivity in the lower Dnieper.

Keywords

River network connectivity, Dam destruction, Diadromous fish, War conflict, Dnieper

Commentary

Wars have always impacted the environment. Freshwaters are among the most vulnerable resources
and environments during conflicts. Water has been, since 2500 BC, part of conflicts, either as a trigger
of conflicts, as a weapon or as a casualty of war (R. A. Francis, 2011). There are 3 main reasons for water
to be at the centre stage of armed conflicts (R. A. Francis, 2011): 1) their positioning — often at the
geographical centre of wars; 2) their structure — riverscape connectivity and network nature
(longitudinal, lateral and hyporheic) means that impacts can be transmitted across the network, not
affecting only point of impact; and 3) difficulty of recovery — freshwater systems are particularly hard
to restore to previous conditions, so war-related impacts may have long-lasting effects (Dufour &
Piégay, 2009; R. Francis, 2009; Gore & Shields, 1995). The present war between Russia and Ukraine is
characterized, among other things, as taking place in a region with a highly modified water sector
(Shumilova et al., 2023), particularly along the Dnieper River, one of the largest river basins in Europe.
Adding to the high concentration of human settlements along the Dnieper River, it also contains large

water reservoirs created by large dams that are responsible for hydropower, agriculture and cooling of
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nuclear power plants (Shumilova et al., 2023). During the Russia-Ukraine war, water infrastructures
have been used by both sides as part of their defensive and offensive war strategies (Gleick et al., 2023).
On the 6™ of June 2023, the Nova Kakhovka Dam in Ukraine was destroyed, resulting in the loss of
Human lives and the displacement of tens of thousands of people due to the destruction of several
important infrastructures, including houses and roads. Moreover, the reservoir provided water for
more than 700,000 people in south Ukraine. Cities on the Dnieper River, including Kherson, Nikopol,
Marhanets and Pokrov, are according to the United Nations, suffering water scarcity (Naddaf, 2023).
Immediate impacts are also affecting around 160,000 animals, some of which are rare and/or
endangered, such as the vulnerable Nordmann’s birch mouse (Sicista loriger) and the endangered sand

mole rat (Spalax arenarius) (Naddaf, 2023).

Waterbourne species are arguably the most affected by any instream structure, and for fish, this is
particularly relevant because habitats important for their life cycle are usually spatially and/or
temporally separated. The Nova Kakhovka Dam played an important role in fragmenting the river
network of the Dnieper basin (Vasil Eva, 2003). This dam created a water storage reservoir that
occupied 2,098 Km?, blocking access to 243.4 Km of the Dnieper River and directly altering
approximately 694 linear Km (when including tributaries) of riverine habitats. The current ecological
status of the Dnieper is significantly defined by the creation and functioning of the cascade of reservoirs
and respective dams (Kovalenko & Goncharuk, 2019). Furthermore, the impacts of these infrastructures
along with direct and indirect related human activities have been clearly linked to the decline and
extinction of native freshwater species (Kovalenko & Goncharuk, 2019; Vasil Eva, 2003) and the
introduction of freshwater alien species (Vasil Eva, 2003). For instance, the absence of natural
reproduction of the Beluga (Huso Huso), the Russian Sturgeon (Acipenser gueldenstaedtii) and the

Stellate sturgeon (Acipenser stellatus) in the Dnieper have been linked to the lack of spawning grounds
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caused by damming and excessive flow regulation (Demchenko et al., 2021). More specifically, the
decline in the abundance and the loss of breeding sites of the Beluga Sturgeon have been associated

with the construction of the Kakhovka Dam (Vasil Eva, 2003).

Multiple authors have expressed their concern over the societal, health, economic and environmental
impacts of the destruction of the Nova Kakhovka Dam (Gleick et al., 2023; Holt, 2023; Kitowski et al.,
2023; Shumilova et al.,, 2023; Vyshnevskyi et al., 2023). In the short term, environmentally, this
catastrophe poses multiple challenges, for instance, due to the large movements of sediment (Hart et
al., 2002), especially those contaminated with industrial waste (Naddaf, 2023), severe hydrologic
alterations and habitat loss downstream (Hart et al., 2002). One of the first published assessments
already revealed biological and chemical alterations in the water from the lower Dnieper River to the
river mouth and surrounding coastal areas of the Black Sea (Vyshnevskyi et al., 2023). These authors
have registered phytoplankton increase, high concentrations of nitrogen and phosphorus compounds
and concentrations of life-threatening chemicals (e.g., zinc, copper, arsenic, cadmium) significantly
above the permissible limits. Even though these negative consequences, the destruction of the Nova
Kakhovka Dam also presents an opportunity to permanently reconnect the lower Dnieper (Figure 1),
which will bring positive ecological impacts to an area included in the Pan-European network of
protected sites, the Emerald Network (https://emerald.eea.europa.eu). When considering the full
removal of the reservoir and protection levees, this may increase significantly the length of the network
available for 17 economically important diadromous fish species, six of which are endangered (Anguilla
anguilla, Acipenser ruthenus, Acipenser gueldenstaedtii, Acipenser stellatus, Huso huso and Alosa
immaculata). In addition, it could also benefit 27 potamodromous species (two endangered: Cyprinus
carpio and Alburnus sarmaticus) and 15 resident species of freshwater fish. Under this scenario of

reconnection (Figure 1): i) the Dnieper River network connectivity for diadromous fish (measured by
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the Dendritic Connectivity Index for Diadromous (Cote et al., 2009) would have a 2.5-fold improvement,
from 0.00745 to 0.02655 (calculations made using the River Network Toolkit (Duarte et al., 2019)); and
ii) Diadromous fish that now have 827.7 km of rivers to spawn and live, would benefit from an increase
of 2978.6 km (a 360% increase) in their river network availability corresponding to an overall 3,806 km
of river and 18,215 km? of drainage area directly connected with the Black sea (for data used in this

analysis please see Duarte and Branco (2023)).
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Figure 1 — Representation of the Dnieper River network basin (top) with a detailed illustration (bottom) of the river network and
respective drainage area related to the Nova Kakhovka Dam. Green areas indicate the drainage area of the segments (in green) that
were available for diadromous fish species below this dam. Orange areas indicate the drainage area of the segments (in orange) that
may become permanently available for diadromous fish species migration if the dam is not rebuilt. Areas included in the Pan-European
network of protected sites (the Emerald Network) were illustrated using red dots (obtained at https://emerald.eea.europa.eu). The river
network of segments and the sea outlet basin were taken from the Catchment Characterisation Model (CCM2) database (De Jager &
Vogt, 2007). Dam locations were taken from the GIObal geOreferenced Database of Dams (GOODD) (Mulligan et al., 2020) and
confirmed using the Georeferenced global Dams And Reservoirs (GeoDAR) dataset (Wang et al., 2022) from where the Nova Kakhovka
Dam reservoir was also taken. Barrier locations were obtained by manual digitization using ESRI® World Imagery. All data used and

obtained is available on the Open Science Framework platform (Duarte & Branco, 2023).

Studies made so far have assessed the impacts and documented the environmental short-term
consequences of this war event (Gleick et al., 2023; Shumilova et al., 2023) while debating and
guestioning if the infrastructure should be rebuilt (Kitowski et al., 2023; Stone, 2023). Beyond the
electricity production, the Kakhovka dam provided water supply for multiple cities (Bulakh, 2020) across
three administrative regions (with over 5.7 million habitants according to the Ukraine state statistics

service — www.ukrstat.gov.ua) while allowing the irrigation of 350 000 ha of arable land (Vyshnevskyi

et al., 2023). The dam played an additional role by providing water supply to large industrial facilities,
including the Zaporizhzhia nuclear power plant (Vyshnevskyi et al., 2023). It was, nonetheless,
considered to be oversized, inefficient for electric production and poorly planned in terms of water
management (Vyshnevskyi et al., 2023). In Europe, dam removal is defined as a cornerstone tool for
river restoration to achieve the goal of restoring 25 000 km of river to free-flowing status (ref EU 2030
strategy). Moreover, Ukraine has also committed to the recommendations of the Pan-European
Sturgeon Conservation Action Plan where goals include the “restoration of habitats in key rivers” and

that “no barriers to sturgeon migration in key rivers are created” (Demchenko et al., 2021). In 2022, a
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new record number of dam removals occurred across 16 European countries, including Ukraine, but
most removals were of small structures, not located in the main stem segments of large river networks
(Mouchlianitis, 2023). An exception was the removal of a large dam in the Sélune River, following a
previous 2020 removal of another large dam, making accessible more than 60 km of this river (not
including tributaries) for several migratory diadromous fish species (Mouchlianitis, 2023). For
comparison, the destruction of the Nova Kakhovka dam made accessible over 240 km of the Dnieper
River (not including tributaries) for migratory diadromous fish species. The removal of large dams has
significant ecological upside for freshwater ecosystems and biodiversity, a benefit that the Elwha River

dam removals have proved in the last few years (Hess et al., 2021; Quinn et al., 2017; Tonra et al., 2015).

Ukraine is no stranger to dam catastrophes, particularly the lower Dnieper. During the Second World
War, in 1941, the “Lenin Dam” near Zaporizhzhya was destroyed by Stalin’s secret police to avoid
German troops' incursion into Ukraine (at the time part of the Soviet Union). Similarly to current events,
the explosion of the dam resulted in flooded villages and the death of up to 100,000 people. The dam
was swiftly reconstructed in 2 years, but in 1943 it was again blown, this time by the German troops
while being forced out of Ukraine by the Soviet Army (Adamo et al., 2021). After the war, the dam was
finally reconstructed and electric production came to fruition in 1950 (Adamo et al., 2021). This
historical praxis may prelude to a future reconstruction of the Nova Kakhovka Dam. Concomitantly, in
a recent work, Vyshnevskyi et al. (2023) argue towards the reconstruction of the dam, without
discussing the ecological and river network connectivity upside of not rebuilding it. Other authors entice
a more open debate, sharing opinions from multiple experts. These range from those who think that
not reconstructing the dam would be disastrous, those who argue building it differently to avoid past
ecological impacts, and others who think no rebuilding should be done (Stone, 2023). Even before the

war, this lower Dnieper area had already been identified as having excellent potential for large-scale
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ecological restoration (Stone, 2023). Here we have shown the overwhelming scale in terms of the
restoration of longitudinal connectivity if the no-rebuild option prevails. This groundbreaking
reconnection of a fragmented system could provide endangered migratory fish species with additional
habitats and create the possibility of a significant environmental improvement in the lower Dnieper.
But, for this to be a reality, an alternative solution for the hydraulic structure of the Dnieper cascade
should be found, one that ideally maintains the provisioning of Ecosystem Services, especially for the
administrative regions favoured by the destroyed dam, while safeguarding human population security

and needs without the Nova Kakhovka dam reconstruction.

Acknowledgements

Forest Research Centre (CEF) is a research unit funded by Fundagdo para a Ciéncia e a Tecnologia I.P. (FCT),
Portugal (UIDB/00239/2020). Gongalo Duarte has been financed by FCT within the project PTDC/CTA-

AMB/4086/2021 and via UIDP/00239/2020. Paulo Branco is financed by national funds via FCT LA/P/0092/2020.



177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

References

Adamo, N., Al-Ansari, N., Sissakian, V., Laue, J., & Knutsson, S. (2021). Dam safety: hazards created by human
failings and actions. Journal of Earth Sciences and Geotechnical Engineering, 11(1), 65-107.

Bulakh, 1. (2020). Urban Planning Organization and Development of Children’s Medical Institutions in Ukraine.
Journal of Regional and City Planning, 31(1), 82-96.

Cote, D., Kehler, D. G., Bourne, C., & Wiersma, Y. F. (2009). A new measure of longitudinal connectivity for

stream networks. Landscape Ecology, 24(1), 101-113. https://doi.org/10.1007/s10980-008-9283-y

De Jager, A., & Vogt, J. (2007). Rivers and Catchments of Europe - Catchment Characterisation Model (CCM).

Demchenko, V., Khudiy, O., Bushuyeyv, S., Voloshkevych, O., Hoch, I., & Balatsky, K. (2021). Modern aspects of
study and protection of sturgeon populations in Ukraine. Retrieved from Gland, Switzerland:

Duarte, G., & Branco, P. (2023). Nova Kakhovka Dam connectivity and reconnection assessment database.

Duarte, G., Segurado, P., Oliveira, T., Haidvogl, G., Pont, D., Ferreira, M. T., & Branco, P. (2019). The River
Network Toolkit — RivTool. Ecography, 42(3), 549-557.

Dufour, S., & Piégay, H. (2009). From the myth of a lost paradise to targeted river restoration: forget natural
references and focus on human benefits. River Research and Applications, 25(5), 568-581.

https://doi.org/10.1002/rra.1239

Francis, R. (2009). Perspectives on the potential for reconciliation ecology in urban riverscapes (Vol. 2009): CABI
International.
Francis, R. A. (2011). The Impacts of Modern Warfare on Freshwater Ecosystems. Environmental Management,

48(5), 985-999. https://doi.org/10.1007/s00267-011-9746-9

Gleick, P., Vyshnevskyi, V., & Shevchuk, S. (2023). Rivers and Water Systems as Weapons and Casualties of the
Russia-Ukraine War. Earth's Future, 11(10), e2023EF003910.

https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2023EF003910



https://doi.org/10.1007/s10980-008-9283-y
https://doi.org/10.1002/rra.1239
https://doi.org/10.1007/s00267-011-9746-9
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2023EF003910

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

Gore, J. A, & Shields, F. D., Jr. (1995). Can Large Rivers Be Restored?: Most restoration projects are only
attempts to rehabilitate selected river sections to a predetermined structure and functio. Bioscience,
45(3),142-152. 10.2307/1312553

Hart, D. D., Johnson, T. E., Bushaw-Newton, K. L., Horwitz, R. J., Bednarek, A. T., Charles, D. F., et al. (2002).
Dam Removal: Challenges and Opportunities for Ecological Research and River Restoration: We
develop a risk assessment framework for understanding how potential responses to dam removal
vary with dam and watershed characteristics, which can lead to more effective use of this restoration

method. Bioscience, 52(8), 669-682. https://doi.org/10.1641/0006-

3568(2002)052[0669:DRCAOF]2.0.C0O;2

Hess, J. E., Paradis, R. L., Moser, M. L., Weitkamp, L. A., Delomas, T. A., & Narum, S. R. (2021). Robust
Recolonization of Pacific Lamprey Following Dam Removals. Transactions of the American Fisheries

Society, 150(1), 56-74. https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1002/tafs.10273

Holt, E. (2023). Thousands at risk after Ukrainian dam destruction. The Lancet, 401(10393), 2028.
10.1016/50140-6736(23)01236-9

Kitowski, I., Sujak, A., & Drygas, M. (2023). The water dimensions of Russian — Ukrainian Conflict. Ecohydrology
& Hydrobiology, 23(3), 335-345.

https://www.sciencedirect.com/science/article/pii/S164235932300054X

Kovalenko, V. F., & Goncharuk, V. V. (2019). Ecological State of Aquatic Ecosystems of Ukraine Using the Dnipro
River as an Example. Journal of Water Chemistry and Technology, 41(3), 151-157.

https://doi.org/10.3103/51063455X19030032

Mouchlianitis, F. A. (2023). Dam Removal Progress 2022. Retrieved from http://damremoval.eu/wp-

content/uploads/2023/04/DRE-Progress-Report-2022.pdf

Mulligan, M., van Soesbergen, A., & Saenz, L. (2020). GOODD, a global dataset of more than 38,000

georeferenced dams. Scientific Data, 7(1), 31. https://www.ncbi.nIm.nih.gov/pubmed/31964896

Naddaf, M. (2023). Ukraine dam collapse: what scientists are watching. Nature, 618(7965), 440-441.


https://doi.org/10.1641/0006-3568(2002)052%5b0669:DRCAOF%5d2.0.CO;2
https://doi.org/10.1641/0006-3568(2002)052%5b0669:DRCAOF%5d2.0.CO;2
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1002/tafs.10273
https://www.sciencedirect.com/science/article/pii/S164235932300054X
https://doi.org/10.3103/S1063455X19030032
http://damremoval.eu/wp-content/uploads/2023/04/DRE-Progress-Report-2022.pdf
http://damremoval.eu/wp-content/uploads/2023/04/DRE-Progress-Report-2022.pdf
https://www.ncbi.nlm.nih.gov/pubmed/31964896

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

Quinn, T. P., Bond, M. H., Brenkman, S. J., Paradis, R., & Peters, R. J. (2017). Re-awakening dormant life history
variation: stable isotopes indicate anadromy in bull trout following dam removal on the Elwha River,

Washington. Environmental Biology of Fishes, 100(12), 1659-1671. https://doi.org/10.1007/s10641-

017-0676-0
Shumilova, O., Tockner, K., Sukhodolov, A., Khilchevskyi, V., De Meester, L., Stepanenko, S., et al. (2023).
Impact of the Russia—Ukraine armed conflict on water resources and water infrastructure. Nature

Sustainability, 6(5), 578-586. https://doi.org/10.1038/s41893-023-01068-x

Stone, R. (2023). Laid to waste - Ukrainian scientists are tallying the grave environmental consequences of the
Kakhovka Dam disaster. Science, 383(6678), 18-23.

Tonra, C. M., Sager-Fradkin, K., Morley, S. A., Duda, J. J., & Marra, P. P. (2015). The rapid return of marine-
derived nutrients to a freshwater food web following dam removal. Biological Conservation, 192, 130-

134. https://www.sciencedirect.com/science/article/pii/S0006320715301002

Vasil Eva, E. D. (2003). Main alterations in ichthyofauna of the largest rivers of the northern coast of the Black
Sea in the last 50 years: A review. Folia Zoologica, 52(4), 337-358.

Vyshnevskyi, V., Shevchuk, S., Komorin, V., Oleynik, Y., & Gleick, P. (2023). The destruction of the Kakhovka
dam and its consequences. Water International, 48(5), 631-647.

https://doi.org/10.1080/02508060.2023.2247679

Wang, J., Walter, B. A., Yao, F., Song, C., Ding, M., Maroof, A. S, et al. (2022). GeoDAR: georeferenced global
dams and reservoirs dataset for bridging attributes and geolocations. Earth System Science Data,

14(4), 1869-1899. https://essd.copernicus.org/articles/14/1869/2022/



https://doi.org/10.1007/s10641-017-0676-0
https://doi.org/10.1007/s10641-017-0676-0
https://doi.org/10.1038/s41893-023-01068-x
https://www.sciencedirect.com/science/article/pii/S0006320715301002
https://doi.org/10.1080/02508060.2023.2247679
https://essd.copernicus.org/articles/14/1869/2022/

