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INTRODUCTION
Brown trout (Salmo trutta) are not native to the Black 

Hills region of western South Dakota (USA), and were 
initially introduced in the area in 1890 (Barnes, 2007). 
They now inhabit nearly all of the 1,287 km of streams with 
suitable habitat (Erickson and Koth, 2000), with populations 
maintained almost exclusively through natural reproduction 
and recruitment (James, 2011; Kientz, 2016). Despite this 
long tenure of natural reproduction, little information on the 
spatial and temporal characteristics of brown trout spawning 
in the Black Hills is available.  Brown trout typically spawn 
during a four week period in October and November (Witzel 
and MacCrimmon, 1983; Wydowksi and Whitney, 2003).  
Similar to other salmonid species, brown trout reproduce 
using a collection of gravel pit nests called redds (Helfman 
et al., 2003). The location of these redds is likely influenced 
by water depth, water velocity, stream substrates, and stream 
widths (Knapp and Preisler, 1999), with preference given 
to shallow stream reaches of fast-moving water and coarse 
gravel substrate (Witzel and MacCrimmon, 1983; Grost et al., 
1990). Information on the number of redds has been used as 
an indicator of effective trout population sizes (Meffe, 1986), 
as well as to monitor fish population dynamics (Konkel and 
McIntyre, 1987; Pratt, 1992; Weaver, 1992; Rieman and 
McIntyre, 1996).

Ketelsen et al. (2017) provided the first published details 
on brown trout redd locations in two short reaches of streams 
within the confines of the Black Hills proper. However, 
coldwater streams with naturally-reproducing brown trout 

occur on the prairie adjacent to the Black Hills, and no 
information on redd distribution and redd construction timing 
from these areas has been published. Brown trout spawning 
and redd information is needed to protect spawning areas from 
potential anthropomorphic degradation. In addition, current 
spawning data is needed to assess the potential future impacts 
of climate change (Warren et al. 2012).  Thus, the objective 
of this study was to document the location of redds and the 
timing of redd construction in a coldwater prairie stream with 
a long history of successful brown trout reproduction. 

MATERIALS AND METHODS
Study Area

The study area consisted of 4.85 km of Crow Creek in 
Lawrence County, South Dakota, USA, beginning at Interstate 
90 and extending to the north (Figure 1). This section of Crow 
Creek is downstream of the confluence of Beaver Creek 
and Crow Creek, and upstream of the outfall into Redwater 
River. This low-gradient creek meanders through quaternary 
alluvium and rests on the Mesozoic Spearfish Formation 
(Rahn, 2005). Multiple springs add water throughout the 
study area, including over 10,000 L/min of 11˚C water from 
the McNenny State Fish Hatchery outfall approximately 0.8 
km from the north border. 

The southern 3.75 km of creek is located within private 
property, where-as the northern 1.10 km creek reach is 
enclosed within the Mirror Lakes Game Production Area, 
publicly-accessible land owned by the State of South Dakota. 
The private land surrounding the creek is a multi-use ranch 
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used primarily for cattle grazing and row-crop agriculture 
and does not experience angling pressure. The public 
land surrounding the northern creek section is relatively 
undisturbed, with minimal grazing. It experiences relatively 
heavy recreational use, along with some fishing pressure 
(Simpson et al., 2014). Fish species surveyed by backpack 
electrofishing in these stream reaches in 2016 include 
numerous brown trout of all size and age classes, white 
sucker (Catostomus commersoni), brook stickleback (Culaea 
inconstans), longnose sucker (Catostomus catostomus), and 
green sunfish (Lepomis cyanellus) (Rowles and Bucholz 
2017). 

Redd Survey

This study began on October 5, 2017, and continued 
for eight weeks, ending on November 21, 2017. The study 
area was surveyed weekly by walking the entire reach of the 
creek and visually noting redd locations. Each weekly survey 
lasted approximately four hours. A small number of heavily-
wooded creek reaches were inaccessible and were not 
surveyed. These reaches were never longer than 20-30 meters 
and did not appear to have the shallow, fast-flowing water 
habitats typically needed for brown trout spawning (Shirvell 
and Dungey, 1983; Louhi et al., 2008). Redd location was 
recorded using a Trimble (Sunnyvale, California, USA) 
Global Position System unit. Redds were plotted as a single 
point, and all redds, even possible repeats, were plotted each 
week. All points were plotted from the edge of the creek, 

perpendicular to the stream flow and redd, rather than directly 
over the location. The geographical data was analyzed using 
ESRI ArcGIS (Redlands, California, USA). 

Creek Temperature

Temperature readings were taken every survey at three 
separate locations along the study site using a handheld 
electronic thermometer. These sites were located at the 
southern boundary of the site (furthest point upstream), 
the boundary between the public and private land, and the 
McNenny Hatchery outfall into Crow Creek.

RESULTS
Redds were easily observed (Figure 2), but were only 

noted in creek sections with shallow and fast moving water. 
The first redd was observed on October 17, while the final 
redd sighting occurred on November 21. Figures 3a-f indicate 
the location and progression of redd observations. The peak 
of redd construction occurred on November 14, when 13 
newly constructed redds were observed. Overall, 84% of 
redds were observed on private land (5.60 redds/km), with 
16% observed on public land (3.64 redds/km). There were 
only three times over the study period that fish were observed 
building or swimming over a redd, and in all instances the 
fish were identified as brown trout.

There were no significant differences among the three 
temperature sample locations (Table 1). Within the study 
period, redd observations were significantly negatively 
correlated with temperature (r = -0.414; p = 0.044) and date 
(r = -0.898; p = 0.001). Temperature and date were also 
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Figure 1: Location of Crow Creek and the section of creek 
surveyed.

Figure 2: Photograph of a typical redd. (Close up photograph 
of a typical redd with spawning brown trout clearly visible).
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Figure 3(a-e): Redd locations recorded on a weekly basis.
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Date Bridge (˚C) Boundary (˚C) Confluence (˚C) Mean (SD) (˚C)
10-05-2017 12.3 12.4 12.4 12.4 (0.1)
10-10-2017 8.7 5.8 5.9 6.8 (1.0)
10/17/2017 8.3 9.9 10.5 9.6 (0.7)
10/24/2017 9.2 7.6 8.2 8.3 (0.5)
10/31/2017 3.5 5.1 6.2 4.9 (0.8)
11-07-2017 3.5 4.8 5.6 4.6 (0.6)
11/14/2017 6.2 7.4 7.8 7.1 (0.5)
11/21/2017 5.1 6.3 6.6 6.0 (0.5)

   Overall Mean 7.5 (0.5)

Table 1: Temperatures (˚C) for three locations on Crow Creek encompassing the time frame of brown trout spawning.

significantly correlated with to each other (r = 0.652; p = 
0.001).

DISCUSSION
This is only the second study to document trout redd 

distribution in a South Dakota stream, and the first to describe 
the number of redds in a prairie creek. Ketelsen et al. (2017) 
described redd locations in two streams in the Black Hills, 
Rapid Creek and Box Elder Creek. While Ketelsen et al. 
(2017) reported much higher redd numbers and densities 
(81.5 redds/km) than that observed in this study (3.6 redds/
km), the results cannot be directly compared. In this study, an 
entire stream reach was surveyed. In the Ketelsen et al. (2017) 
study, sampling was focused solely on specific spawning 
areas and non-contiguous stream reaches were sampled. Even 
though suitable spawning habitat may be widely distributed, 
salmonid redd locations can be clustered (Dauble and Watson 
1990), making redd density comparisons somewhat specious.  

The peak spawning time of November 4 observed in 
this study is consistent with the brown trout spawning dates 
reported in the United States (Witzel and MacCrimmon, 
1983; Wydowksi and Whitney, 2003). However it is two 
weeks later than that reported by Ketelsen et al. (2017) in 
two mountain streams approximately 80 km south of Crow 
Creek. Spawning times are generally considered to be 
consistent from year-to-year (Blanchfield and Ridgway, 
1997), but the difference in timing between the South Dakota 
locations may indicate that spawning times are not as uniform 
throughout the Black Hills and associated prairie in South 
Dakota as suggested by Ketelsen et al. (2017). Unlike the 
mountain streams surveyed by Ketelsen et al. (2017), Crow 
Creek receives a considerable and consistent inflow of 11°C 
water from artesian wells and springs. The differing water 
temperature profiles among the streams may be affecting 
spawning times (Warren et al., 2012). The differences in 
water temperature are also likely due to the differences in 
altitude between the two studies (Livingstone et al. 1999). 
There is also nearly a 600 m decrease in elevation from the 
streams surveyed by Ketelsen et al. (2017) compared to Crow 
Creek. 

The concentration of redds observed in certain locations 
on Crow Creek in this study raises the possibility of 
redd superimposition (Gallagher and Gallagher, 2005). 
Commonly observed in a number of salmonid species, redd 

superimposition occurs when redd sites are reused by later 
spawning fish of either the same or different species (Reiser 
and Wesche, 1977; Essington et al., 1998). If any such redd 
imposition did occur, it would not indicate a lack of spawning 
habitat (Reiser and Wesche, 1977; Gallagher and Gallagher, 
2005). 

Although the weekly sampling used was within the 
schedule recommended by Gallagher et al. (2007), there are 
limitations with this study. Redds may have been missed due 
to the relative inexperience of the individual conducting the 
survey (Mulfed et al., 2006), although this is mitigated by 
the small size of Crow Creek and training of the observer. 
High sediment loads due to the presence of cattle on the 
private land section and bridge construction on the public 
land section may have impacted brown trout spawning 
attempts (Wohl and Carline, 1996). High levels of suspended 
solids also may have reduced visibility of the redd observer, 
potentially leading to the exclusion of redd sites. 

Despite the afore-mentioned limitations the redd counts 
in this study are likely an accurate reflection of brown 
trout spawning in Crow Creek. Although not indicative of 
successful reproduction and recruitment, redd counts have 
been used in other locations to monitor the status of salmonid 
populations (Beard and Carline, 1991; Emlen, 1995; 
Maxwell, 1999). Using redd counts to survey brown trout 
populations in Crow Creek would be much less expensive 
and less laborious than the backpack electrofishing surveys 
currently conducted  (Rowles and Bucholz, 2017).

CONCLUSION
This is the first documentation of brown trout redd 

construction timing and numbers in a South Dakota prairie 
trout stream. Brown trout spawning in Crow Creek appears 
to be slightly later than in South Dakota mountain stream 
reaches, and may also be less concentrated. This baseline 
information will be useful for monitoring future reproductive 
efforts of brown trout in Crow Creek, especially in light of 
ongoing and likely increased anthropomorphic effects, and 
climate change.
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