Hydrogen sulfide tolerance in Amazon fish
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Hydrogen sulfide (H,S) is a highly toxic compound for aerobic organisms due to the binding of
sulfide to cytochrome c oxidase. It is naturally produced in the Amazon floodplain by the anaerobic
decomposition of organic matter and bacterial reduction of sulfates during the high water season.
During this period, there is a phenomenon known as “friagem” (cold front), where the rapid cooling
of the surface layer disintegrates the thermal stratification causing total mixing in the water column.
The impact of the “friagem” results in fish mortality in this type of lakes. Besides oxygen deficit, the
increase of hydrogen sulfide in the surface water layer has been also presumed to be one of the
causes for mortality (Kramer, 1978, Santos, 1979, Junk et al., 1983).

Some studies have demonstrated that H,S is an important environmental factor affecting the
distribution of animals in different aquatic habitats (Powell et al., 1980; Bagarinao & Vetter, 1989,
Vismann, 1991; Bagarinao, 1994). Bagarinao & Vetter (1989; 1992) and Brauner ef al/.(1995)
showed that fish living in sulfide-rich habitats are more tolerant to hydrogen sulfide because they
present biochemical and/or morphological adaptations to survive in these habitats.

The Amazon floodplain lakes has an abundant fish fauna that lives under extreme hydrochemicals
conditions. In general, these fish have survival strategies to live in these lakes, such as: behavioral,
morphological, physiological, biochemical, and genetic (Val & Almeida-Val, 1995). These
adaptations are often attributed mainly to the effect of hypoxia/anoxia, temperature fluctuations, or
low/high pH. But it almost likely that Amazon fish have become adapted to H,S.

The objectives of this study were to describe the seasonal variation of hydrogen sulfide, its influence
on the distribution of fish species in Lago Grande, a Central Amazon floodplain (varzea) lake, and to
determine the tolerance level of some fish species to H,S exposure.

Lago Grande is a lake of the Marchantaria island located about 15 Km above the confluence of the
Rio Negro and Solimdes River. It is connected to the Solimdes River during the high water level
when it becomes floodable. The terrestrial vegetation dies, decomposes and aquatic and semi-aquatic
vegetation develop in great quantities covering a considerable area of the lake. Maximum water
levels occurred in mid-June and begun to decline in August. The dry season (September - December)
was the lowest in the last 30 years occurred in the Amazon region. Many lakes dried completely and
others had a depth of 20-70 cm. The sediment banks were colonized by terrestrial and semi-aquatic
plants, occupying a big area of the island. We made eight excursions along the year during high and
low water seasons. We selected four stations: one out of the lake (station A), one at the lake
entrance (station B), one in open waters in the lake (station C) and other in the flooded forest
(station D). During the low water season, stations A and C dried completely, station B had water
only until September, and C had a depth of 20 - 40 cm in the places where the samples were taken.



We measured dissolved oxygen and hydrogen sulfide concentrations and temperature at different
depth in all stations (Table 1). The dissolved oxygen concentration was extremely low or absent
during high water season (May - August), and it was high during low water season (3.4 - 6.0 mg/l).
The low dissolved oxygen concentration during high water season is a common feature of
Marchantaria island and probably in Amazon floodplain (Junk ez al, 1983). During high water
season, the decomposition of terrestrial vegetation and the great quantities of aquatic
and semi-aquatic plant communities in Lago

Grande that covered a large area of lake, were Table 1. FHydrogen sulfide, dissolved oxygen and

temperature water were determined in different stations

the main causes of dissolved oxygen depletion and depth during high and low water season on Lago
and increase of H,S production (Figure 1). We Grande. These parameters were measured in the surface,
could smell a strong odor of H,S in all places middle and bottom at each station.
of the island. H,S concentrations were similar Stations Months Fis.-chem.
among stations. Its concentration varied with e
depth: traces in the surface layer, low A - 184 | 092 | 337
concentration in the middle and  higher R
concentrations near the bottom (Table 1).The B 123 | 184 | 061 | 086
biological oxidation, principally by microbial B R (E;:)
activity, and physical process such as gas c 092 | 366 | 092 | 184
exchange and thermal stratification probably 113’-8";3 ;—?}2 s
are the main factors that maintained the D 245 | 306 | 061 | o4
gradient of H,S in the lake. There was no clear PRp 8;;328 31' 152
diary fluctuation in concentration of H,S. A - 08 | o8 1.1
During low water season only traces of H,S - B e
were detected (0.6 - 0.96 uM). B 0.1 09 | 03 | 097

0.0 0.5 0.2 0.97 0,
The “friagem” occurred on June 21st for one c 02 | o4 | os | 1 (meh
day, in contrast to the other years when it e e e
persisted for 2 to 3 days. During this day the D 0.1 03 | o035 | 16
H,;S concentration was temporally more e S L B
pronounced near the surface than in the A - 273 | 284 | 292
“normal days”. However, we did not observed e
fish mortality. Probably, even species with low B 292 | 272 | 287 | 283
H,S tolerance survived because of the short i R ™C
duration of the phenomenon. We collected a c 295 | 273 | 286 | 287
high number of specimens of Mylossoma gg-z g;g ;'g‘: §§‘§
aurium (pacu) in stations C and D during this D 290 | 272 | 288 | 300
day (Table 2). This could indicate that this 87 ) 272 ) 84| BT

species was affected by that phenomenon.
During the study we collected approximately
1.050 specimens of 40 species from 15
families (Tables 2 and 3). Stations B and D
showed a bigger number of species and
specimens than the other stations in the
presence of H,S. Once H,S was presented
almost in the same concentrations in the
different stations, we supposed that species
and specimens abundance detected in these
stations can be related with the food diversity May dme iy Aug Sew Ot Nov Dec  months

and reduction in predation pressure. These Fig. 1. Seasonal variation of hydrogen sulfide (H,S) during
results agree with Junk ez a/ (1983) when they gl:‘)dh;gn ﬁ 1;:&8 wathzrml:l!cv)el Tr a ;:aelzml Amm
studied the importance of oxygen dissolved n lake (Lago - These dates were o

on the distribur:ion and abundance of fish from station C near the bottom.




species in the Amazon floodplain. However, the highest species number found in June can be
justified by high H,S concentrations detected near the surface. During the low water periods, when
the H,S was almost absent, occurred abundance of specimens. Almost all species were detected in
both periods but some of them were more frequent during the low water season (Table 3). It was
observed a great concentration of fish species into the lake when the water level diminished.
Probably they migrated from flooded forest and other places that had connection to the lake.
Comparing the different months, stations and periods, in which this study were done, we concluded
that all fish species inhabiting the Marchantaria island are susceptible to H,S and of course they have
adaptations to avoid the H,S poisoning.

Table 2. Frequency of fish species captured at the different stations during the high water season.

Families Station A Station B Station C Station D
Species J 1 A M J J A MJ J A M J J A

OSTEOGLOSSIDAE

1. Osteoglossum bicirhaosum - - - - - - 3 - - - - - - - 3
2. Arapaimas gigas - - 3 - - - - - - - - - - - -
CUPLEIDAE

3. Pellona castelnaena - . - - - 1 - - - - . . - - -
ERYTHRINIDAE

4. Hoplias malabaricus - - - - 1 - - - - - - - 1 1 -
5. Hoplerythrinus unitaeniarus - - - - = - 1 - - - - - - - -
CURIMATIDAE

6. Potamorhyna altamazonica 2 - 12 2 - - 4 - - - - - 5 5 3
7. Potamorhyna latior - - - 1 3 - - B - 1 1
PROCHILODONTIDAE

8. Semaprochilodus insignis - - - - 5 2 - N - - - 3
9. Prochilodus nigricans - - - - 1 - 1 - - - - 2 1 - 4
ANOSTOMIDAE

10. Schyzodon fasciatus -1 - w 2 - 3 - - - - 3

11. Leporinus trifasciatus - - - Ll - -2 - - - - 2 -2 -
12. Rhytiodus sp - - 1 12 5 - - - - - - 3
SERRASALMIDAE

13. Serrasalmus spilopleura 11 - -
14. Serrasalmus sp. - - - -
15. Serrasalmus rumbus - - - -
16. Pygocentrus nattereri

17. Metynnis sp.

18. Mylossoma duriventris

19. Mylossima aurium

20. Colossoma macropomum
21. Piaractus brachypomum
CHARACIDAE

22. Acestrorhynchus microlepis
23. Rhaphiodom vulpinus

24. Triporteus elongatus

25. Triporteus angulatus

26. Brycon sp.

SCIANIDAE

27. Plagioscion cf. montei - - - - 1 1 - - - - - - 1 - -
CHICLIDAE

28. Cichla ocellaris 11 1 - 1
29. Geophagus jurupari - - - - -
30. Astronotus ocellatus - - - - 1 1
31. Chaetobranchus flavescens - - - - 1
PIMELODIDAE

32. Pimelodus blochii - - - - - - - - - - - - - - 3
CALLICHTHYIDAE

33. Haplosternum littorale - - 1 - - - 1 - - - - - - - -
LORICARIIDAE

34. Liposarcus pardalis - - 2 4 - - 56 - - - 19 12 2 - 24
35. Loricariichthys nudirostris - - - - - - - - - - - - - - -
HYPOPHTALMIDAE

36. Hypophtalmus marginatus - 3 - - 3 - - - - - - - - -
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Table 3. Frequency of fish species captured only in
stations C and B during high and low water season.
Families

However, the sulfide tolerance limits may
differ among the several species living in the

39. Loricariichthys nudirostris
HYPOPHTALMIDAE
40. Hypophtalmus marginatus

12

) High Low some habitat.
_Species water water
OSTEOGLOSSIDAE
;-gﬂwsfmm bicirhaosum ? Tg Sulfide tolerance limits of some fish species
LAraparmas gigas . . .
CUPLEDAE that live in Lago Grande (white water) and
i- iegﬂﬂa;wf#aéﬂa 1 1 Anavilhanas (black water) are showed in
. -EHona fiavipinms . .
ERY'IHRINIDiE table 4. Within the same habltﬁt, the fish
5. Hoplias malabaricus 1 54 species more resistant to hypoxia (C.
6. Hoplerythrinus unitaeniarus 1 .
CURIMATIDAE macropomum and H. littorale) were more
7. Potamorhyna altamazonica 6 8 sulfide  tolerants.  Air  breathing in
8. Potamorhyna latios 4 4 . .
PROCHILODONTIDAE Hoplosternum littorale and aquatic surface
9.5 hilodu 7 Col a
. Semaprochi s insignis 5 iration in Colossom
10. Prochilodus nigricans 2 13 _resplratlo . a maC{‘opo mum aI..e
ANOSTOMIDAE important adaptations for surviving hypoxia
11. Schyzodon fasciatus 15 4 (Affonso, 1990, Val, 1993) and probably to
12. Leporinus trifasciatus 6 . .
13. Rhytiodus sp 17 1 hydrogen  sulfide. = Biochemical and
SERRASALMIDAE : ; hani
14. Serrasalmus spilopleura 3 31 Physnologlca.l mec sms can be also
15. Serrasalmus sp. 25 involved to cope H,S. As example we have
16. Serrasalmus rumbus 2 4 the mitochondrial sulphide oxidation in the
17. Pygocentrus nattereri 19 61 . . aqs ..
18. Mylossoma duriventris 4 California killifish Fundulus parvipinnis
A Moiousima aurtum 2 , (Bagarinao & Vetter, 1994) and the option
' i to the anaerobic metabolism (Powell &
21. Piaractus brachypomum 1 4
CHARACIDAE Somero, 1986, Affonso, unpublished results).
22. Acestrorhynchus microlepis 2 36 .
23. Rhaphiodom vulpinus 1 The species Myleus sp had lower sulfide
24. Triporteus elongatus ! ! tolerance than the others above. This can be
25. Triporteus angulatus 2 1 haracteristic of . £
26. Brycon sp. 8 a characternstic oI some Sspecies OI pacus
A haiches sp 5 (e.g. Mylossoma aurium) that live in this
28. Plagioscion cf. montei 2 7 type of lake. Future expenments will permit
Sucubas , s to answer this question. The sulfide tolerance
30. Geophagus jurupari 1 2 limits of two fish species from black water
31. Astronotus ocellatus 2 :
o e s flosescens > 30 (Anavilhanas) free of H,S showed that these
DORADIDAE ones were less sulfide tolerant than that of
S Deudodoras miger 5 white water. Even though ones have a low
35. Pimelodus blochii 7 number of fish species studied, these results
36. Pseudoplatystoma fasciatum 5 s s H :
papifpoas e e indicate that the ones living in presence of
37. Haplosternum littorale 1 2 H,S maight develop different or more
LORICARIIDAE . . .
38. Liposarcus pardalis 79 42 efficient adaptive mechanisms to confront

hydrogen sulfide than that living in the black
water.

Table 4. Sulfide tolerance of five fish species from white water (Lago Grande) and black water (Anavilhanas). n=
number of fish in test. Equal number of fish of similar weights were used as controls; none of these died . Weight
values are means of fish analyzed.

Species n Conc. of H;S at Time to 50% Weight Source
50% mortality (M) mortality (h) ® ~ habitat
Hoplosternum littorale 6 50uM 9% 99.75 White water
Colossoma macropomum 6 57\M 72 86.29 White water
Myleus sp 6 10pM 72 11.05 White water
Serrasalmus sp 6 TuM 12 186.25 Black water
Leporinus asffinis 5 3uM 6 315.86 Black water




References

AFFONSO, E.G. (1990) Estudo sazonal de caracteristicas respiratorias do sangue de Hoplosternum
littorale (Siluriformes, Callichthyidae) da ilha da Marchantaria, Amazonas. Dissertagio de
mestrado. Programa de Pos-Graduagdo do INPA. Manaus, AM. 87p.

BAGARINAO, T. (1992) Sulfide as an environmental factor and toxicant: tolerance and adaptations in
aquatic organisms. Aquatic Toxicol., 24: 21-62.

BAGARINAO, T. & VETTER, R.D. (1989) Sulfide tolerance and detoxification in shallow-water marine
fishes. Mar. Biol., 103: 291-302.

BAGARINAO, T. & VETTER, R.D. (1990) Oxidative detoxification of sulfide by mitochondria of
the California killifish Fundulus parvipinnis and the speckled sanddab Citharichthys stigmaeus. J.
comp. Physiol., 160B: 519-527.

BAGARINAO, T. & VETTER, R.D. (1992) Sulfide-hemoglobin interactions in the sulfide-tolerance salt
marsh resident, the California killifish Fundulus parvipinnis. J. Comp. Physiol., 162B: 614-624.

BAGARINAO, T. & VETTER, RD. (1994) Sulphide tolerance adaptation in the California killifish,
Fundulus parvipinnis, a salt marsh resident. J. Fish Biol., 42: 729-748.

BRAUNER, C.J; BALLANTYNE, CL; RANDALL, DJ. & VAL, AL. (1995) Air breathing in the
armoured catfish (Hoplosterrum littorale) as an adaptation to hypoxic, acidic, and hydrogen sulphide
rich waters. Can. J. Zool.., 73(4): 739-744.

JUNK, W.J.; SOARES, GM.; CARVALHO, F M. (1983) Distribution of fishe species in a lake of
the Amazon river floodplain near Manaus (Lago Camaledo), with special reference to extreme
oxygen conditions. Amazoniana, 7(4): 397-431.

POWELL, M. A. & SOMERO, GN. (1986) Hydrogen sulfide oxidationis coupled to oxidative
phosphorylation in mitochondria of Solemya reidi. Science, 233: 563-566.

SANTOS, UM (1979) Observagdes limnologicas sobre a asfixia e migrago de peixes na Amazonia
Central. Ciéncia e Cultura, 31(9): 1034-1039.

SANTOS, UM (1979) Aspectos limnologicos do lago Grande do Jutai (Amazonia Central), face as
alterages quimicas do meio hidrico da regido. Acta Amaz. 10(4): 797-822

VAL, AL. & ALMEIDA-VAL, V.M F.(1993) Hypoxia tolerance in Amazon fishes: status of an under-
explored biological “goldmine”. In: Surviving hypoxia: Mechanisms of control and adaptation. Ed.
P.W. Hochachka, CRC Press, Boca Raton.

VAL, AL & ALMEIDA-VAL, VMF. (1995) Fishes of the Amazon end their environemnt
(Physiological and biochemical features). Springer Verlag. Zoophysiology Series

VISMANN, B. (1991) Physiology of sulfide detoxification in the isopod Saduria (Mesidotea) entomon.
Mar. Ecol. Prog. Series (76): 283-293)



