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Abstract: Globally, the frequency of fishkill episodes is increasing, owing to natural and human-
induced modification of aquatic ecosystems. A massive fishkill took place on 22 October 2017 along
an approximately 1.5 km stretch of the Jhelum River in Srinagar City, India. Thousands of fish
died during this specific event, not lasting more than three hours, creating chaos and panic among
the local population and government circles. In this context, affected fish were assessed for three
morphological parameters, which include skin color, eye appearance, and skin texture. To back our
findings, three critical water-quality parameters, including pH, water temperature, and dissolved
oxygen essential for the survival of fishes were assessed in the affected river stretch. This study
assumes importance given that water-quality observation stations for monitoring the health of the
Jhelum River are lacking in the highly urbanized Srinagar City. The morphological examination
of fish samples revealed discoloration, bulging eyes, and rough skin texture, indicating chemical
contamination of waters in the affected river stretch. The water quality analysis revealed neutral
pH (7.2), normal temperature (15.6 ◦C), and mildly depleted dissolved oxygen (6 mg L−1) levels.
While the morphological examination of the affected fish indicated chemical contamination, the
physicochemical parameters exhibited a typical scenario of river water. For avoiding any such further
incident and to precisely ascertain the cause of such fishkill episodes in future, it is suggested that a
few continuous water-quality monitoring sites along Jhelum River should be set up, supplemented
with robust ecological modeling simulations.
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1. Introduction

There is a plethora of literature that suggests both human-induced [1–3] and natural
causes [4–6] for the fishkill. While the human-induced kills include known or accidental
additions of harmful chemicals, sewage ingress, and fertilizers from agricultural fields
into natural waters [7–10], the natural causes on the contrary are attributed to temper-
ature fluctuations [11,12], anoxic conditions [13,14], cyanobacterial blooms [15,16], and
disease outbreak [17,18]. These episodes sometimes tend to impact the entire lake or river
stretch [19] or at times are extremely localized [20]. Table 1 provides the details of the
prominently reported episodes of fishkill in India for the last three decades.

Various factors have been observed to induce fishkill in the aquatic ecosystems of
Kashmir valley. These include electric shocks [21], use of chemicals [22], anoxic condi-
tions [23], and cyanobacterial blooms [24]. Managing the natural causes of fishkill requires
a long-term ecosystem management framework; however, the anthropogenically induced
fishkill could largely be controlled through strict vigil and a legal framework. While the
mechanism of checking fishkill in the valley plains appears satisfactory, the alpine areas
(>3000 m asl) are devoid of effective and robust vigil, which has promoted wanton use of
chemicals and electric current—resulting in various unreported fishkill events from these
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wilderness areas. The anthropogenically driven fish-kill could result from a point source
such as sewage ingress and chemical application, or a non-point source such as agricultural
runoff. However, owing to the strict legal framework both globally and nationally, the
former causes for fishkill have been reduced—although not completely.

Table 1. Details of recent fishkill episodes in various aquatic ecosystems across India.

S. No. Location Cause Reference

1. Tapi River (Surat, Gujrat) Sewage (nutrients and organic matter) [25]
2. Mansar Lake (Jammu and Kashmir) Depletion of DO and increased free CO2 [26]
3. Yamuna River (Panipat, Haryana) Heavy metal and pesticide toxicity [20]
4. Kokilimedu Lake (Chennai) Hypoxia due to Chlorella sp. [4]
5. Surinsar Lake (Jammu and Kashmir) Hypoxia [27]
6. Sankey Lake (Karnataka) Asphyxiation [28]
7. Railadevi Lake (Maharashtra) Suspended organic matter, depleted DO [29]
8. Ulsoor Lake (Bangalore) Depleted DO, hydrogen sulphide [30]
9. Taj Boudi (Bijapur, Karnataka) Elevated ammonia and BOD, depleted DO [31]

10. Nainital Lake (Uttarakhand) Fungal infection [32]
11. Yamuna River (Karnal, Haryana) Depleted DO, elevated free CO2 [33]
12. Peddacheruvu Lake (Andhra Pradesh) Depleted DO, elevated dissolved solids. [34]
13. Lendra Pond, Brahmapuri (Maharashtra) Harmful algal blooms (HAB) [35]
14. Barkatullah University Pond (Bhopal) Fungal infection [36]

Whether anthropogenically driven or otherwise, fishkill always generates public
outcry as the consumption of such catch could sometimes be lethal. Timely assessment
of the water quality at the time of fishkill is very important to ascertain the root cause for
such ecological devastation. Mostly in the developing and underdeveloped world, the
limnologists arrive at the site of fishkill after a time lag, after which there is a likelihood
that the entire water quality has switched back to normal; especially in case of flowing
systems. It hence becomes imperative to use robust models for predicting the incidences of
fishkill so that planners and policymakers take scientifically-informed decisions to mitigate
such events [37,38]. Furthermore, the use of geospatial [39] and environmental flow [40]
models could help in providing key insights about the health of aquatic ecosystems. In
addition, the potential of microalgae can be explored for improving the water quality [41].

In this context, the current study investigated the causes of the 22 October 2017 mass
fishkill episode in the affected stretch of the Jhelum River in Srinagar City, using water-
quality parameters and morphological examination of the affected fish. It is relevant to
point out that an earlier study investigated the fishkill in a lentic ecosystem of Kashmir
Himalaya using similar set of water quality and morphological characteristics [42].

2. Materials and Methods
2.1. Study Area

The Jhelum River draining through Srinagar City is an important source of domestic
water supply, including drinking water and irrigation [43]. Besides this, the river channel is
being exploited for sand utilized in construction purposes [44]. Traditionally, the river has
been used as an alternative means of navigation in the city and beyond. The river harbors a
rich resource of fisheries that are a source of livelihood to the fishermen living in the vicin-
ity [45]. This research focuses on a 1.5 km stretch of Jhelum from Nawakadal to Chattabal
Weir (Figure 1) in the heart of Srinagar, the capital city of Jammu and Kashmir, India. It is
in this portion of the river that a massive fishkill occurred in the afternoon of 22 October
2017. It is pertinent to mention that water-quality monitoring stations are nonexistent in the
entire stretch of the Jhelum River, which hampers analyzing and forecasting any ecological
disaster. The pollution of the river ecosystem is further exacerbated due to the lack of a
scientifically-based comprehensive river management plan. The study area lies between the
geographical coordinates of 34◦5′30′′–34◦5′45′′ latitude and 74◦47′8′′–74◦47′55′′ longitude,
located at an altitude of 1580 m above sea level. The climate of the area is temperate with
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four distinct seasons. The major portion of rainfall is received from March to May (spring),
and the period from November to February receives heavy snowfall (extreme winters).
Geologically, the study area is surrounded by alluvium [46].

Figure 1. Location of the affected stretch of the Jhelum River, indicated by red dots. Blue dots indicate prominent locations
along the unaffected portion of Jhelum River, Srinagar City. Background image: IKONOS GeoEye, dated 21 September 2018.

2.2. Methodology

Since the 2017 fishkill episode was an erratic event, the focus of this study was to
get firsthand insight into the causes of mass mortality. This was accomplished by on-the-
spot visit to the affected river stretch for ascertaining changes, if any, in the water quality
and morphological characteristics of the dead fish. The samples of Shizothorax curvifrons
and Cyprinus carpio were collected within approximately 24 h of the reported fishkill
episode [47,48]. The affected fish were immediately examined in the laboratory for three
important morphological parameters, which include skin color [49], eye appearance [50],
and skin texture [51] to infer the cause of fishkill. Since the real-time water quality data
is not collected anywhere across the length of Jhelum by any government department,
an on-site assessment of water quality was carried out in the afternoon of 23 October
2017 (approximately 24 h after the fishkill episode) to look into the basic limnological
characteristics of water in the affected stretch [52]. Three basic water-quality parameters:
pH, dissolved oxygen, and water temperature, were assessed at three sites (indicated as
red dots in Figure 1) in the affected river stretch using Hanna pHep Tester-HI98107 [53]
and Lutron PDO-519 [54] probes.

3. Results and Discussion

The affected fish in the river stretch were crowding at the surface and exhibited prob-
lems with buoyancy indicated by their inability to swim. The crowded fish predominantly
showed anomalous signs indicated by sluggishness and lack of activity; however, flashing
and twisting movements were also witnessed in a few individuals. The morphological
examination of the affected fish indicated discoloration, open sores, and black and white
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spots. Moreover, abnormal shape, swollen areas, and bulging eyes were observed in the
affected fish. All the fishes sampled from the river stretch had unusually rough skin texture
(Figure 2).

Figure 2. Morphological changes in Shizothorax curvifrons: (a) bulged-out eyes, black and white spots, (b) pigment
discoloration, abnormal shape.

The Department of Fisheries report suggested that the fish were stressed and washing
ashore the Jhelum owing to anoxic conditions in the water column. The report further
suggested that low oxygen levels were corroborated by the fact that only large-sized
Shizothorax curvifrons (kaeshir gaad) was showing such distress, whereas the other fish
species—principally Cyprinus carpio (Panjaeb gaad)—did not show any mortality. However,
there is no scientifically credible data, either instrumental or lab-based, that supports
the contention of depleted oxygen levels in this stretch of Jhelum. The lab-based quality
assessment of the water samples that were collected on 22 October 2017 were never made
public to back this assumption. It is pertinent to mention that a doctors’ association
of Kashmir advised people against consuming fish and fish products [55]. Rather than
collecting the samples and getting them analyzed in the lab, it would have been more
prudent on the part of fisheries department to assess the samples on site, using electronic
field kits.

The water-quality analysis revealed a neutral pH of the Jhelum water ranging from
7.2–7.3. The water temperature varied between 15.8 ◦C and 16 ◦C with a mean of 15.9 ◦C.
Mildly depleted dissolved oxygen levels varying between 5.8 mg L−1 and 6.2 mg L−1 were
noticed on site (Table 2). A similar fishkill was reported from the Nigeen lake in 2012 [42];
however, this fishkill event, the first of its kind, took place in the flowing Jhelum river, the
water quality of which is normally considered to be very good in the upper stretches and
poor in the middle stretches falling in the main city area [56].
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Table 2. Physico-chemical analysis of water samples in the affected tract of the Jhelum River.

Water Quality Parameters Instrument Used Chattabal Weir Nawakadal Safakadal

pH Hanna pHep Tester HI98107 7.3 7.2 7.2
Water temperature (◦C)

Lutron PDO-519
16 15.9 15.8

Dissolved Oxygen (mgL−1) 5.8 6 6.2

Additionally, the use of freely available high-resolution satellite remote sensing data
such as Planet Cubesat images available at daily timesteps [57–59] could help in mapping
the urban centres/towns located in the vicinity of river courses that may act as potential
sources of water pollution [56]. It becomes equally important to monitor the pace of land-
system changes that are affecting the physicochemical and biological characteristics of
aquatic ecosystems across Kashmir. This is pertinent since massive land system changes
and urbanization have modified the otherwise pristine landscapes around the aquatic
ecosystems across Kashmir [60–63].

Analysis of water-quality parameters at these three sites does not bear weight re-
garding the assumption of fishkill being attributable to sudden hypoxia. It is pertinent to
mention that in very rare circumstances, microclimate can play a significant role in trigger-
ing anoxic conditions. Furthermore, the secretion of toxins by harmful algal blooms (HAB)
can prove lethal to the fish community [16]. The waters along the Nawakadal–Chattabal
stretch did not reveal any anoxic behavior as reflected by normal dissolved oxygen values
of around 6 mg L−1. Water temperatures were also usual (15.9 ◦C), considered normal
during this time of the year. To our knowledge, it is for the first time that such a massive
fishkill has been reported and documented in the Jhelum in Srinagar. The morphological
examination of the dead fish indicated chemical contamination of waters in this stretch
of Jhelum.

4. Conclusions

There is no documented information about the fishkill episodes in the pristine river
ecosystems of Kashmir Himalaya. The present study was a rapid assessment to look
into the causes of fishkill that took place on 22 October 2017. Our preliminary water
chemistry analysis does not indicate any natural causative factors for this fishkill episode.
However, the morphological analysis of fishes plausibly indicated chemical contamination.
A detailed histopathological examination of fishes, which has not been carried out, might
have corroborated the human-induced theory, or suggest a natural cause for this particular
fishkill. The ideal way to analyze the fishkill episodes would require setting up real-time
water-quality monitoring stations at selected urban centres across the Jhelum River. To
supplement the water-quality observations, the use of robust models for predicting the
incidences of fishkill in the aquatic ecosystems of the Kashmir region need to be explored.
This will go a long way in eliminating the otherwise unscientific theories that are later being
put forth as the reasons for such ecological disasters. Besides this, awareness among people
about the causes and timings of such catastrophes needs to be disseminated. Furthermore,
the river courses across sensitive places such as major towns and cities need to be earmarked
as no-interference zones, which would enable prevention of chemical contamination and
untreated sewage ingress into aquatic ecosystems.
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