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California is experiencing an extensive drought from 2012 to present day, a notable increase in 

severity regarding dry, hot weather and drought conditions within the past few decades (Swain et 

al. 2016). Droughts can cause low-flow events in aquatic systems and are increasing in frequency 

due to anthropogenic alterations of flow regimes (Walters 2016). Alteration of dams and 

diversion of water can shift conditions native species are used to, directly or indirectly affecting 

both unaltered and altered systems (Barnett et al. 2008, Brown et al. 2013). In order to properly 

manage and conserve our watersheds, there needs to be a thorough understanding of conditions 

to which the system may be subject to. The recent extreme drought has prompted urgency with 

scientists and managers in recognizing how to best manage watersheds, especially the 

economically and intrinsically valued Tuolumne River.  

In order to properly understand the system, the interdisciplinary fields of hydrology, 

ecology, geomorphology and more come together to influence management decisions. There is 

an emphasis placed on understanding the coupling of stream flow and fish population dynamics 

to appropriately manage fisheries and monitor fish response to low flows (Poff et al. 2010). 

Drought conditions can act as an abiotic stressor by decreasing stream flows, which ultimately 



affect fish by decreasing survival rates, body growth rates and abundance of the population size 

(Walters 2016). Drought is detrimental to a majority of stream salmonids, greatly decreasing 

their overall carrying capacity by altering natural habitat conditions, resource availability, and 

skewing reproductive cues (Elliott 1993, Walters 2016). Specifically, native fish have been seen 

to be less sensitive to decreased flow in areas with historic cycles of low flow events (Leprieur et 

al. 2006). For insight on the further management of the Tuolumne River watershed in extreme 

drought conditions, effects of drought on physical and biological components of Chinook salmon 

(Oncorhynchus tshawytscha) and brook trout (S.f.) are examined, in regards to species success. 

The model species, native Chinook salmon and non-native species brook trout (Salvelinus 

fontinalis) within the Tuolumne River watershed, both belong to the Salmonidae family. 

Physical Effects 

Areas and Refugia. Drought can have substantial effects on wildlife by altering the physical 

parameters of habitat in which they live (Walters 2016). Low flow events caused by drought 

conditions shift accessibility and habitat availability for fish and other taxonomic groups of 

interest (Hilderbrand et al. 1999, Boulton 2003). In addition, drought decreases stream depth, 

width, and water velocity within a system (Hilderbrand et al. 1999).  

The geomorphological unit first to be affected and diminished are riffles (Freeman and 

Marcinek 2006, Kanno and Vokoun 2010). However, drought conditions all decrease overall 

flow in pools, riffles and runs. In addition, in times of drought, riffles reduce five times more 

frequently than pool areas (Hakala and Hartman 2004). Both juvenile and adult Chinook salmon 

and brook trout utilize riffles, and are therefore susceptible to habitat alteration by drought 

(Walters 2016). Therefore, species that utilize riffles are most likely to be detrimentally affected, 

while generalists and those that thrive in pools have a higher chance of survival and thriving in 



drought conditions (Walters 2016). Brook trout thrive in pools, and show a significantly similar 

preference for both deep and shallow pools, suggesting they would not be as vulnerable to 

decreasing pool levels (Mollenhauer et al. 2013).  Although both species utilize riffles, brook 

trout have a higher likelihood of adapting to changing habitat conditions than Chinook, as they 

are stream and lake generalists (Robillard et al. 2011).  

Drought can have a large impact on salmonid populations by decreasing local refugia. 

Stream juvenile salmonids, represented by both the non-native brook trout, and native Chinook 

salmon, suffer due to decrease in pool habitat, where juveniles take refuge (Kraft 1972, Elliott 

and Hurley 1998, Huntingford et al. 1999). Refuge is extremely important for fish species by 

decreasing overall predation and stress, while increasing abundance of juveniles which upkeeps 

population sizes. Diminishing refugia can increase mortality rates, decrease birth rates, and 

increase migration rates in population (Magoulick and Kobza 2003). Therefore, in cases of 

drought, refuge sizes decrease and pose a threat to species, regardless of nativity, for population 

persistence (Magoulick and Kobza 2003). In comparison, due to brook trout being stream and 

lake generalist, they have an advantage of utilizing different refugia types (Robillard et al. 2011). 

Thus, Chinook salmon are more sensitive to a decreased abundance of riffles and subsequent 

refugia relative to brook trout. However, in cases of extended drought conditions, both salmonid 

species, regardless of native or non-native, are at risk.  

Fine Sediment. An important component to observe within watersheds, coupled with drought 

conditions, is the movement and impact of sediment load throughout the system. Fish may be 

susceptible to sediment alterations directly influenced by drought. Juvenile brook trout 

populations are predominantly affected by fine sediment, even under normal flow conditions 

(Hartman and Hakala 2006). Drought encourages deposition of fine sediment throughout the 



system, especially increasing river bed sedimentation (Collins and Walling 2007). Increased 

river bed sedimentation also affects the diets of brook trout by reducing invertebrate biodiversity 

(Wood and Petts 1999). Juvenile trout are thus vulnerable to drought conditions via decreased 

resource availability. An increase in stress and decrease in quality of trout juveniles can affect 

future health of adults, decreasing likelihood of returning to successfully spawn. Similarly, 

Chinook salmon are affected by fine sediment, as Chinook adults require coarse-bedded 

substrate in rivers for spawning (Overstreet et al. 2016). The increase of fine sediment deposition 

from drought can be detrimental for spawning areas, thus decreasing recruitment of native 

salmon populations (Overstreet et al. 2016). 

Wildfires. Wildfires can affect wildlife on varying levels, and have been debated whether 

beneficial or detrimental to watershed ecosystems. Drought conditions increase occurrence and 

frequency of wildfires (Halofsky and Peterson 2016). Furthermore, wildfire increases habitat 

quality for native Chinook salmon adults and overwintering juveniles by increasing the amount 

of wood in streams (Flitcroft et al. 2016). However, wildfire also increases fine sediment load 

into the system, negatively affecting the quality of egg and fry habitat for Chinook (Flitcroft et 

al. 2016). Therefore, the balance and extent of frequency and magnitude of controlled wildfires 

is required to properly influence management.  

Biological and Physiological Effects  

Body size. Drought can also affect body size of an individual, with larger individuals generally 

being more susceptible and vulnerable to drought-induced low flow events (Li et al. 2010, 

McCargo and Peterson 2010). Larger individuals and bigger species, such as the Chinook 

salmon, have an increased risk of decreased survival due to lack of resources and space 

requirements from drought conditions (Li et al. 2010, McCargo and Peterson 2010). In addition, 



in low flow events and shallower waters, adults are more exposed to predation (McCargo and 

Peterson 2010). Although juvenile individuals of a population can be more sensitive to stress, 

adults are more at risk in regards to body size-specific effects from drought (Li et al. 2010, 

McCargo and Peterson 2010). Bigger individuals in a population are stronger, and have higher 

recruitment rates (Magoulick and Kobza 2003). If bigger individuals and adults are lost, we can 

see a decrease in population and recruitment. According to Hakala and Harman 2004, as a result 

of low flow conditions, adult brook trout not only decreased in abundance, but also in overall 

body health conditions, in comparison to normal precipitation years before (Hakala and Hartman 

2004). 

Temperature tolerance and flow. Juvenile Chinook in 21-24 °C water show significant decrease 

in overall health, specifically growth rate, impaired smoltification, and increased predation risk 

(Marine and Cech 2004). The ideal temperature for juvenile Chinook is within 13-16 °C water 

(Marine and Cech 2004). Therefore, with increased temperatures, juvenile fish are in detrimental 

conditions. Drought increases water temperature and due to requirements and timing of 

reproduction, winter and spring run Chinook are the most at-risk.  When juvenile Chinook are 

confronted with differing stream flow, use of microhabitat does not significantly change and 

individuals will actively move to more suitable habitats, dependent on the extent of the stream 

flow change (Shirvell 1994). Chinook juveniles are able to adapt more quickly to onset drought 

conditions of differing flows than brook trout. However, Chinook juveniles have been shown to 

prefer faster water velocities either 30 cm above or laterally to their body, and drought conditions 

result in slower water velocities (Shirvell 1994).  

Further Implications 



 Ultimately, the severity of drought conditions and low flow events are often 

unpredictable (Swain et al. 2016). Scientists, policy makers, managers, and other stakeholders 

can predict conditions based on historical data, but the unpredictable nature of droughts make it a 

multi-faceted and difficult issue to combat. There is another challenge to be added: the increase 

in frequency of drought due to anthropogenically induced changes in climate (Walters 2016). 

Many studies in the literature have conducted drought studies in their system of interest, but 

there may in lie substantial biases when transferring management tactics to the Tuolumne.  For 

example, one study (Hakala and Hartman 2004) saw low flow events decreasing abundance and 

body condition of salmonid populations, but another (James et al. 2010), showed drought 

reduced abundance but did not significantly change in body condition, again in salmonid 

populations. Both studies also showed drastically differing results of flow reduction influencing 

water temperature and resource availability. Therefore, in order to properly and adequately 

manage the Tuolumne river watershed, there needs to be specific research done about the system. 

The potential effects of drought on native Chinook salmon and non-native brook trout is complex 

and research done on other systems may not suffice in transferability for management.  

 

 

 

 

 

 



 

 

 

Works Cited 

Barnett, T. P., D. W. Pierce, H. G. Hidalgo, C. Bonfils, B. D. Santer, T. Das, G. Bala, A. W. 

Wood, T. Nozawa, A. A. Mirin, D. R. Cayan, and M. D. Dettinger. 2008. Human-

induced changes in the hydrology of the western United States. Science 319:1080-1083. 

Boulton, A. J. 2003. Parallels and contrasts in the effects of drought on stream macroinvertebrate 

assemblages. Freshwater Biology 48:1173-1185. 

Brown, R. S., Z. D. Deng, K. V. Cook, B. D. Pflugrath, X. Li, T. Fu, J. J. Martinez, H. Li, B. A. 

Trumbo, M. L. Ahmann, and A. G. Seaburg. 2013. A Field Evaluation of an External and 

Neutrally Buoyant Acoustic Transmitter for Juvenile Salmon: Implications for Estimating 

Hydroturbine Passage Survival. PLoS ONE 8. 

Collins, A. L., and D. E. Walling. 2007. Sources of fine sediment recovered from the channel 

bed of lowland groundwater-fed catchments in the UK. Geomorphology 88:120-138. 

Elliott, J. M. 1993. The self-thinning rule applied to juvenile sea-trout, Salmo trutta. Journal of 

Animal Ecology 62:371-379. 

Elliott, J. M., and M. A. Hurley. 1998. Population regulation in adult, but not juvenile, resident 

trout (Salmo trutta) in a lake district stream. Journal of Animal Ecology 67:280-286. 

Flitcroft, R. L., J. A. Falke, G. H. Reeves, P. F. Hessburg, K. M. McNyset, and L. E. Benda. 

2016. Wildfire may increase habitat quality for spring Chinook salmon in the Wenatchee 

River subbasin, WA, USA. Forest Ecology and Management 359:126-140. 



Freeman, M. C., and P. A. Marcinek. 2006. Fish assemblage responses to water withdrawals and 

water supply reservoirs in piedmont streams. Environmental Management 38:435-450. 

Hakala, J. P., and K. J. Hartman. 2004. Drought effect on stream morphology and brook trout 

(Salvelinus fontinalis) populations in forested headwater streams. Hydrobiologia 

515:203-213. 

Halofsky, J. E., and D. L. Peterson. 2016. Climate Change Vulnerabilities and Adaptation 

Options for Forest Vegetation Management in the Northwestern USA. Atmosphere 7. 

Hartman, K. J., and J. F. Hakala. 2006. Relationships between fine sediment and brook trout 

recruitment in forested headwater streams. Journal of Freshwater Ecology 21:215-230. 

Hilderbrand, G. V., T. A. Hanley, C. T. Robbins, and C. C. Schwartz. 1999. Role of brown bears 

(Ursus arctos) in the flow of marine nitrogen into a terrestrial ecosystem. Oecologia 

121:546-550. 

Huntingford, F. A., D. Aird, P. Joiner, K. E. Thorpe, V. A. Braithwaite, and J. D. Armstrong. 

1999. How juvenile Atlantic salmon, Salmo salar L., respond to falling water levels: 

experiments in an artificial stream. Fisheries Management and Ecology 6:357-364. 

James, D. A., J. W. Wilhite, and S. R. Chipps. 2010. Influence of Drought Conditions on Brown 

Trout Biomass and Size Structure in the Black Hills, South Dakota. North American 

Journal of Fisheries Management 30:791-798. 

Kanno, Y., and J. C. Vokoun. 2010. Evaluating effects of water withdrawals and impoundments 

on fish assemblages in southern New England streams, USA. Fisheries Management and 

Ecology 17:272-283. 

Kraft, M. E. 1972. EFFECTS OF CONTROLLED FLOW REDUCTION ON A TROUT 

STREAM. Journal of the Fisheries Research Board of Canada 29:1405-&. 



Leprieur, F., M. A. Hickey, C. J. Arbuckle, G. P. Closs, S. Brosse, and C. R. Townsend. 2006. 

Hydrological disturbance benefits a native fish at the expense of an exotic fish. Journal of 

Applied Ecology 43:930-939. 

Li, Y., H. Xu, Y. Gao, and Q. Li. 2010. The characteristics of moisture transport associated with 

drought/flood in summer over the east of the southwestern China. Acta Meteorologica 

Sinica 68:932-943. 

Magoulick, D. D., and R. M. Kobza. 2003. The role of refugia for fishes during drought: a 

review and synthesis. Freshwater Biology 48:1186-1198. 

Marine, K. R., and J. J. Cech. 2004. Effects of high water temperature on growth, smoltification, 

and predator avoidance in Juvenile Sacramento River Chinook salmon. North American 

Journal of Fisheries Management 24:198-210. 

McCargo, J. W., and J. T. Peterson. 2010. An Evaluation of the Influence of Seasonal Base Flow 

and Geomorphic Stream Characteristics on Coastal Plain Stream Fish Assemblages. 

Transactions of the American Fisheries Society 139:29-48. 

Mollenhauer, R., T. Wagner, M. V. Kepler, and J. A. Sweka. 2013. Fall and Early Winter 

Movement and Habitat Use of Wild Brook Trout. Transactions of the American Fisheries 

Society 142:1167-1178. 

Overstreet, B. T., C. S. Riebe, J. K. Wooster, L. S. Sklar, and D. Bellugi. 2016. Tools for 

gauging the capacity of salmon spawning substrates. Earth Surface Processes and 

Landforms 41:130-142. 

Poff, N. L., B. D. Richter, A. H. Arthington, S. E. Bunn, R. J. Naiman, E. Kendy, M. Acreman, 

C. Apse, B. P. Bledsoe, M. C. Freeman, J. Henriksen, R. B. Jacobson, J. G. Kennen, D. 

M. Merritt, J. H. O'Keeffe, J. D. Olden, K. Rogers, R. E. Tharme, and A. Warner. 2010. 



The ecological limits of hydrologic alteration (ELOHA): a new framework for 

developing regional environmental flow standards. Freshwater Biology 55:147-170. 

Robillard, M. M., R. L. McLaughlin, and R. W. Mackereth. 2011. Diversity in Habitat Use and 

Trophic Ecology of Brook Trout in Lake Superior and Tributary Streams Revealed 

Through Stable Isotopes. Transactions of the American Fisheries Society 140:943-953. 

Shirvell, C. S. 1994. EFFECT OF CHANGES IN STREAMFLOW ON THE MICROHABITAT 

USE AND MOVEMENTS OF SYMPATRIC JUVENILE COHO SALMON 

(ONCORHYNCHUS-KISUTCH) AND CHINOOK SALMON (O-TSHAWYTSCHA) 

IN A NATURAL STREAM. Canadian Journal of Fisheries and Aquatic Sciences 

51:1644-1652. 

Swain, D. L., D. E. Horton, D. Singh, and N. S. Diffenbaugh. 2016. Trends in atmospheric 

patterns conducive to seasonal precipitation and temperature extremes in California. 

Science advances 2:e1501344-e1501344. 

Walters, A. W. 2016. The importance of context dependence for understanding the effects of 

low-flow events on fish. Freshwater Science 35:216-228. 

Wood, P. J., and G. E. Petts. 1999. The influence of drought on chalk stream macroinvertebrates. 

Hydrological Processes 13:387-399. 

 


