Fish Temperature Freshwater
Fishes may be classified as either freshwater or saltwater species. Although freshwater lakes and rivers comprise less than 0.001 percent of the volume of water on earth, 40 percent of fish species are found there.

According to Nevermann and Wurtsbaugh 1994, “freshwater fishes are poikilothermic or cold blooded and rely on behavioral thermoregulation to modify their internal body temperatures.” However, their ability to behavourally thermoregulate is restricted by the thermal heterogeneity of their immediate environment because their body temperature will match the temperature of the water they occupy. This inextricable linkage to water temperature makes fish particularly susceptible to even small scale changes in environmental thermal regimes. Bolin et al 1986 states that “one such perturbation is the increase in mean Global temperatures brought about by the accelerated release of Greenhouse gases, CO2, NOx and methane largely from the combustion of fossil fuels.”

The mean Global temperature have increased rapidly in the past will continue to increase. As such, temperature in lakes, ponds, streams etc are expected to increase since this is closely linked to air temperature. However, the magnitude of this increase will be slower in water than in air due to the higher heat capacity of water. Apart from affecting water temperature, changes in air temperature will also affect ground water sources.

Hydrology is another important variable in freshwater systems. This is because freshwater fishes have evolved to survive under a specific set of hydrologic conditions that help shape and define their habitat. Hydrology acts at the broader level whereas temperature has effects at all individual levels. As such, global climate change will likely affect hydrologic regimes and these changes will be a result of differences in spatiotemporal distribution and rates of evaporation and precipitation. This would lead to winter rainfall increase in the mid and high latitudes of the Northern Hemisphere resulting in a reduction in the spring and summer flows. Therefore changes in hydrologic regimes will affect species whose life histories require a large scale (migratory species, big river species) in a different way than those that are limited to a small scale (endemic species, headwater species).

The global effects of climate change mean that freshwater fishes and freshwater ecosystems therein will be affected to some degree. As such, the purpose of this assignment is to address the question of how climate change affects freshwater fishes and their habitats.

TEMPERATURE AND FISH PHYSIOLOGY

According to Moyle and Cech 2004 “all freshwater fishes are ectotherms that cannot regulate their body temperature through physiological means and whose body temperatures are identical to, or very close to the environmental temperature at their specific location. These fishes thermoregulate behavourally by moving between thermally heterogenic microhabitats. This allows them to select the most advantageous temperature for their current physiological state. However, unlike physiological thermoregulation, behavioral thermoregulation is constrained by the range of temperatures available in the environment. All aspects of fish physiology including growth, reproduction and activity are directly influenced by temperature changes because biochemical reaction rates are largely a function of body temperature.

Global warming will affect individual fish by altering physiological functions such as thermal tolerance, growth metabolism, food consumption, reproductive success and the ability to maintain homeostasis in the presence of a variable external environment (Roessig et al 2004.). All fishes have a thermal critical maxima and thermal minimum range which represent temperatures that the fish can tolerate for a few minutes at best to a few days. Although fishes can tolerate the incipient lower lethal temperature (ILLT) and the incipient upper lethal temperature (IULT), they will eventually perish. However, they survive these ranges longer than the critical thermal limits. As they move towards the suboptimal range, physiological range may be reduced. On the other hand thermal ranges are species specific for example stenothermal (narrow thermal range) such as trout and eurythermal (wide range tolerace) such as the common carp.

Metabolic rates are linked with water temperature; hence all fishes must allocate energy from consumed food to their energy budget. This energy allocated is temperature dependent. Therefore, increases in temperature will generally increase allocations to all areas except somatic and reproductive growth if the fish is given a fixed ratio. The somatic and reproductive compartments are equivalent of storage compartments for surplus energy. Therefore, if a fish is forced to allocate more energy to other compartments, then less is available for growth and reproduction.

Through a variety of mechanisms such as cardiac inefficiency, increase in cost of repairing heat-damaged proteins, an increase in temperature decreases the “metabolic scope” (surplus energy). In addition, idf exposed to temperature high enough to stress them then they can experience problems with osmoregulation (Boyd & Tucker 1998). According to Somero & Hofmann 1997 “this is possibly due to increased gill permeability at higher temperatures. Generally, a reduction in metabolic scope leads to decreased swimming performance, reduced reproductive output, lower growth rates and in extreme cases death. This means that there will be less offspring & decrease in population size, along with a population of the same age range.

Temperate Fishes

According to Wrenn et al 1979 “fish in temperate ecosystem undergo about 90% of their annual growth in the summer months”. Therefore, an increase in temperature would extend the growing season. In addition, this would reduce overwintering stresses such as food limitations which may be significant for some species. Whereas in the summer, climate change will affect fishes such as trout which often have limited food. Hence fish growth will only increase if the food supply can sustain the increased demand. Otherwise decreased growth rates can be expected (Hill & Magnuson 1990).

Nevertheless, an increase in temperature causes an increase in metabolic rate regardless of the state of food resources. For example the daily intake of the silver bream increased spontaneously when temperature was increased from 5 to 250 C. in the sockeye salmon on the other hand, food consumption triples between 2.50 C to 17 0 C and decreases above 17.50 C because it will reduce food intake at temperatures above its thermal optimum.

Apart from these, reproductive success of temperate fishes will be affected by global warming. This is because low overwinter temperatures are often essential for the spawning success of cold water stenotherm and eurytherms. For example channel catfish require temperatures below 150 C to stimulate gametogenesis while female white sturgeons in water below 120 C during vitellogenesis and follicle maturation experience lower rates of ovarian regression and the ability to retain mature oocytes for a longer period of time than those at higher temperatures.

Juveniles may also be affected by changing thermal regimes. The decreased reproductive capacity can be compensated by the reduction in reproductive output. However, this reproduction leads to a decline in the rate of population growth.

Tropical Fishes

Tropical fishes have evolved to survive in very warm water and as such they seem less likely to suffer the negative impacts of climate change. Although tropical fishes can endure temperatures very near their IULT (Milstein et al 2000), a slight (1-2 0 C) increase in regional temperatures may cause the daily temperatures maxima to exceed these limits particularly for populations that currently exist in thermally marginal habitats. In fishes such as the tilapia, increase in temperature can inhibit swimming ability and thus make them more susceptible to prey. Apart from this some experience higher oxygen depts while others have increased oxygen consumption.

Although temperatures cues are not thought to play a large role in gametogenesis and spawning behaviour of tropical fishes (Moyle & Cech 2004), there are some cases where reproductive output was reduced at higher temperatures. For example the guppy experienced increased fry and female adult mortality, degeneration of ovaries and reduced brood size with increased temperature (300 C). Therefore, reduction in reproduction would lead to smaller populations and less species diversity.

Spawning in many tropical fishes is cued by rising water levels. Therefore tropical fishes that spawn in seasonally flooded areas experience a recruitment bottleneck caused by the loss of juvenile estrained in off-channel areas and desiccation of eggs exposed by receding water levels. In addition, changing hydrographs could increase the magnitude of this recruitment bottleneck by exposing more eggs to desiccation. Apart from which if flows increase then immersing eggs in water too deep and too cool will affect the survival of eggs and juveniles. Loss of juveniles reduces the population size and a reduction in the genes causing species to be less diverse and more prone to certain infections.

Polar and High Latitude Fishes

Most freshwater fishes of high latitude regions have ranges that extend into temperate zones such as salmonids. They are limited to the upper latitude boundaries of their ranges because water freezes at 00 C and there is a lack of available habitat, winterkill and a short growing season. Winterkill is when a small body of water is covered with ice and the dissolved oxygen cannot be replenished by photosynthesis or diffusion from the atmosphere. Due to the fact that biological oxygen demand continues, the resultant environment hypoxia or anoxia proves lethal to the aquatic organism. Therefore freshwater systems at the highest latitude cannot support fish because of their permanent or near permanent ice cover. Hence fish that occur have growing seasons that are severely limited by the short period of warm water temperatures.

Changing temperatures may reduce habitat for these fishes because they are forced to migrate and may face competition from temperate fishes if they move from their range. In addition, they may be more susceptible to predation.

Disease and Parasitism

Parasite transmission depends on many factors such as host conditions, the presence of intermediate hosts necessary for the parasite life cycle, water quality and temperature (Marcogliese 2001). Therefore, climate change alters the host-parasite dynamics by changing the transmission opportunities and host susceptibility. Subartic zones and temperate fishes may experience increased parasite loads due to increased transmission opportunity. This is because warmer temperatures allow for higher parasite survival. Therefore, there will be an increase in year-round infection and an increase in parasite generation in a single year.

On the other hand, warmer winter temperatures could reduce the impacts of disease and parasitism. For example, in temperate zones with large annual temperature ranges, many opportunistic parasites infect fishes in the early spring when they are weakened from harsh winter conditions (Hefer et al 1981). As a result, higher temperatures associated with milder winter may lower infection rates by decreasing the stress experienced by overwintering fishes.

Fish susceptibility will also be affected as climate changes because of parasite abundance and infectivity change. Parasite abundance peaks at high temperature because the immune functions of fishes are compromised in the presence of stressors such as crowding, high temperature and osmotic stress. For example whirling disease affects trout because they are susceptible to the disease and it is particularly detrimental to juvenile salmonids. Whirling causes skeletal deformities and death in sever cases (89% mortality within 4 weeks of infection for the juvenile trout).

Due to the fact that climate change increases pathogens it can be said that it will continue to increase the virulence of certain fish pathogens and the transmission of others resulting in higher mortality rates from parasites and disease.

Water

Water temperature affects dissolved oxygen levels, pH, nutrient concentration and the toxicity of natural and anthropogenic pollutants. These are further affected by climate change which affects hydrographs. Hydrographs in turn affect water chemistry through changes in seasonal/yearly changes in water volume, nutrient introduction and the flushing of pollutants and metabolic byproducts.

Apart from water temperature, dissolved oxygen concentrations are especially important for fish survival. This is because fishes require dissolved oxygen respiration. According to Kalff 2000 “oxygen solubility in water has an inverse relationship with water temperature”. For example water at 00 C holds about 14.6mgO2/L while water at 250 C can only hold about 8.3mg. he then further stated that “because the aerobic metabolic rates of most cold-blooded aquatic organisms increase with temperature, an increase in temperature both reduces the supply and increases the biological oxygen demand.

Therefore, elevated water temperatures poses fishes with the threat of “oxygen squeeze”. This is where the decreased supply of oxygen cannot meet the increased demand.

Climate- models predict July DO (dissolved oxygen) levels in Lake Suwa, Japan to decrease from the current value of 6.16mg/L under a 20 C warming scenario(Hassan et al 1998).as such species found in this area such as the endemic masu salmon would be extirpated because they cannot tolerate DO levels lower than 3mg/L for an indefinite period.

Most fishes can maintain adequate rates of O2 uptake with DO concentration above 5 mg/L. However, these adaptations may be insufficient as DO concentration drops below 2-3 mg/L. tropical fishes are less affected than temperate fishes that do not occur in habitats where environmental hypoxia is common place for example crucian carp because they adaptations for dealing with hypoxia are more advanced.

This change in DO concentrations forces some fishes such as arapaima gigas to resort to breathing through modified swim bladders. Whereas other fishes such as the South American tambaqui are forced to obtain O2 from the oxygen -rich air- water interface. In addition, other fishes employ anaerobic metabolic pathway, metabolic downregulations or the ability to move short distances or the ability to move short distances over land in search of better habitat.

The physiological and behavioural adaptation of fish is affected by their ability to persis in hyponic or anoxic environments. This is due to it being energetically expensive and thus it reduces the amount of energy available for reproduction and growth. Therefore, if increased water temperatures result in increased frequency or duration of hypoxic episodes, it is likely that fish that persist will experience reduced reproductive output and growth rates.

In addition, DO concentrations are very important because they do not need to drop to very low levels before physiological functions are affected. Sublethal hypoxia (2-3mg/L) cuase reduced feeding activity (Stickney 2000), reduced swimming performance and reduced fitness of emerging larvae (Doudoroff and Warren). Apart from which, low DO levels have also been linked to immunosupression in fish which is important in disease transmission in aquaculture systems which have high fish density.

On the other hand, fish exposed to hypoxic conditions are less tolerant of environment stresses such as disease, crowding, food limitation, thermal stress and natural and anthropogenic toxins than fish in normoxic conditions.

Tropical fishes have high productivity and biological oxygen demand. As such, they are highly dependent on photosynthesis to replenish the DO supply. Therefore, critically low dissolved oxygen concentration are encountered when photosynthesis is not occurring ie. Overnight and before sunrise. This critical period magnitude and duration could be increased by temperature. As a result, the carrying capacity and community structure could be affected. Tropical systems such as the Amazon river in South America contain diverse fish fauna such as trahira, tambaqui, ~ 1000 species of catfish and many other fishes.

Tropical systems have naturally low oxygen levels due to high bacterial decomposition rates macrophyte sharing, high nutrient cycling and water turbidity. These fishes are dependent on aquatic respiration, hence they are vulnerable to prolonged periods of hypoxia or anoxia. Although air breathing fishes will be less affected by hypoxia or anoxia, they will need to surface more frequently which in turn increases their energetic cost predation risk.

Eutrophication

Nutrient concentration defines the trophic status of aquatic status. An oligotrophic system has a low nutrient concentration, a mesotrophic system has a moderate nutrient concentration and an eutophic sustem has a high nutrient concentration(Kalff 2000). The natural trophic state of an aquatic system which is a function of volume water resistance time and nutrient input from the surrounding watershed can be altered by climate change and other human activities.

Increases in temperature can agument the productivity of a body of water by increasing bacterial metabolism, nutrient cycling rates and increasing algal growth. Temperature changes can also delay recovery from anthropogenic eutrophication and accelerate the eutrophication process when coupled with the input of anthropogenic pollutants.

By stimulating explosive macrophyte growth, increases in temperature enhance eutrophic conditions A study by Kankalla et al 2002 found that a 2-30 C temperature increase could cause a 300-500% increase in short biomass of aquatic macrophyte Elodea candensis. An increase of this magnitude would therefore affect the system in different ways. For example increase oxygen demand during bacterial and fungal decomposition of macrophytes increases the amplitude of the diel oxygen cycle. Hence, this can cause depressed levels of dissolved oxygen in the system, raising the likelihood of anoxia related fish kills or stressful hypoxia conditions.

In addition increased macrophyte growth pushes aquatic systems towards an eutrophic state by trapping sediment and preventing flushing of excess nutrient from the system.

Macrophyte can also have indirect effects such as reducing wind mixing and increasing the duration of periods of stratification. Excess macrophytes can also reduce the amount of fish habitat for example northern pike. Most systems are hence susceptible to eutrophication and loss of resources through introduction of new species. As a result, native species such as salmonids are replaced by less desirable species such as cyprinids.

Thermal Habitat Space, Thermal Refuges and Changes in Fish Communities

The geographic range of temperate and subartic fishes will be significantly altered by an increase in mean annual temperature. This will occur as a result of expansion or compression of thermal habitats, alteration of thermal refuges and the migration towards the poles of the isolines that determine present species distribution.

Longer-lasting or more pronounced stratification will reduce the amount of oxygen exchange to the hypolimnion from the oxygen rich epilimnion. Therefore, when oxygen demand in the hypolimnion exceeds the supply, hypoxic or anoxic conditions will occur. As such, fishes that depend on these thermal compartments are thus faced with a “temperature-oxygen squeeze”. As a result, their spring and summer habitat are severely limited because increased ambient temperatures thicken the epilimnion and cause oxygen depletion in the hypolimnion.

According to Coutant 1985 “when thermal refugia are reduced in size, the fish are crowded into smaller volume of water where factors such as rapid oxygen demand, depletion, low prey availability, stress and the probability of increased disease transmission are present”.

The duration of thermal stratification and increased strength could decrease access to prey for cold and cold water species or decrease the ability of a prey species to use the epilimnion as a refuge for example the kokanee salmon. However, if surface water becomes too warm, then these fishes such as the kokanee salmon may not be able to use the epilimnion as a refuge from predators and will therefore face species decrease and elimination.

Increase in global temperatures may increase the thermal habitat of coldwater fishes such as the native perch. Therefore, by thickening the epilimnion, there would be an increase in the size of the thermal niche. This would result in these fishes competiting with other fishes for limited resources.

On the other hand, the availability of cold refugia would decrease as groundwater temperature increased. This is due to the rang being reduced by warming and fishes no longer able to survive thre and thus some are lost for example brook trout's range is reduced by warming of 380 C . Apart from trout, any stenotherms would also experience further contractions of their already limited ranges.

Findings from different studies suggest that patterns of habitat loss would be experienced in both temperate and tropical areas. Therefore, there would be freshwater fishes in both these areas resulting in a decline in freshwater fishes worldwide.

CONCLUSION

Currently the magnitude of climate change is such that most of its effect in freshwater fishes could be easily masked by or attributed to other anthropogenic influences such as over-exploitation. However, even though the effects of climate change have not yet manifested themselves through large and widespread fish kills, the sublethal effects experienced by the world's fish population have been and will detrimental. Therefore there is great cause for concern since climate change is expected to increase in magnitude in the near future (IPCC 2001) at which point it will exert more influence upon freshwater fishes of the world.

All the factors of climate change such as decreased DO levels, changes in disease transmission, changes in toxicant stress and alternations to hydrographs all contribute to decreased productivity and hence decline in freshwater fish populations.
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