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Abstract
Environmental enrichment is the inclusion of materials 

into hatchery rearing tanks to create more natural or complex 
environments. This study evaluated juvenile rainbow trout 
Oncorhynchus mykiss rearing with the use of a vertically-suspended 
array consisting of 15 rods in comparison to an established 
enrichment array of nine vertically-suspended rods, and unenriched 
controls. At the end of 116 days, there were no significant differences 
in gain, feed conversion ratio, total length, or individual fish weight 
among any of the treatments. In addition, relative fin lengths were also 
not significantly different among the treatments. These results were 
likely impacted by the high final rearing densities of approximately 70 
kg/m3 in all of the treatments, as well as possible feeding levels below 
satiation, as indicated by the feed conversion ratios of less than 0.88.  
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Introduction
Typically, fish hatchery rearing tanks are devoid of any 

type of internal structure to facilitate routine cleaning and 
also reduce areas where pathogens could potentially reside 
[1,2]. Environmental enrichment is defined as the addition of 
complexity to these otherwise barren rearing environments [3]. 
Enrichment has been used during salmonid rearing to try and 
increase post stocking survival [4,5,6], promote learning and 
behavioral adaptations [7,8,9], improve fin condition [10,11], and 
also to increase growth during hatchery rearing [12,13,14,15,16].

Enrichment techniques have ranged from placing real or 
plastic vegetative material in tanks [4,6,7,9,11,17], to cobble-
based bottom structures [8,9,10,17]. While these methods 
may have been beneficial to the fish, they were typically not 
appropriate for use in production hatcheries because they impede 
the hydraulic self-cleaning inherent to circular tanks [18,19]. 
However, Kientz and Barnes [12] described vertically-suspended 
environmental enrichment that did not affect tank self-cleaning, 
but also improved rainbow trout Oncorhynchus mykiss growth 

during hatchery rearing. Other arrays of vertically-suspended 
structures have also produced positive results during salmonid 
rearing [13,14,15,16,20]. However, one study did not observe any 
hatchery-rearing benefits from using suspended environmental 
enrichment [21]. 

In the studies where vertically-suspended arrays have 
produced growth benefits, some of the largest improvements 
have been associated with increased water volume displacement 
by the environmental enrichment (i.e. better growth with bigger 
structures). The rod array successfully used previously consisted 
of only nine aluminum rods [12,13,16]. The objective of this study 
was to evaluate an expanded array of 15 rods during rainbow 
trout rearing in circular tanks.

Methods
This experiment was conducted at McNenny State Fish 

Hatchery, Spearfish, South Dakota, USA, using degassed and 
aerated well water at a constant temperature of 11°C (total 
hardness as CaCO3, 360 mg/L; alkalinity as CaCO3, 210 mg/L; pH, 
7.6; total dissolved solids, 390 mg/L). Approximately 1,800 (7.2 
kg/ tank) juvenile Shasta strain rainbow trout (mean ± SE, weight 
and total length; 4 ± 1 g, and 70.8 ± 1.8 mm; n = 30) were placed 
into 12 fully covered, 2,000 L circular tanks (1.8 m diameter, 0.8 
m depth, 0.6 m operating depth). Incoming water velocities were 
12.2 cm/s. This 116 day study began on June 1, 2017 and ended 
on September 26, 2017. 

Two different vertically-suspended enrichment treatments 
were used, in addition to a control with no suspended structure 
(n = 4). One treatment used an array of nine aluminum rods (0.95 
cm diameter x 57.15 cm long) suspended vertically through a 
corrugated plastic tank cover as described by Kientz and Barnes 
[12] (figure 1). The other treatment expanded the nine-rod array 
to 15 rods to encompass a 50 x 24 cm area. This doubled the rod 
coverage area from 600 cm2 for the 9 rod array to 1,200 cm2 for 
the 15 rod array.
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Figure 1: Schematic of a 2,000 L circular rearing tank (1.8 m diameter, 
0.8 m deep, 0.6 m operating depth) containing a 9-rod array as environ-
mental enrichment.

Fish were fed a diet of 1.5 mm floating Classic Trout feed 
(Skretting USA, Tooele, Utah, USA) every 15 min during daylight 
hours using automatic feeders. Feeding rates were determined 
by the hatchery constant method [22], with an expected feed 
conversion ratio of 1.1 and a projected growth rate of 0.08 cm/d. 

At the end of the experiment, total tank weights were 
recorded to the nearest 0.1 kg. A subsample of five fish per tank 
were individually weighed to the nearest 0.1 g, and measured 
(total length) to the nearest 1.0 mm, with fin (dorsal, pectoral, 
and pelvic) lengths measured to the nearest 0.01 mm. To calculate 
gain, percent gain, Specific Growth Rate (SGR), Feed Conversion 
Ratio (FCR), condition factor (K), and relative fin lengths [23], the 
following equations were used:

Data were analyzed using the SPSS (9.0) statistical analysis 
program (SPSS, Chicago, Illinois, USA). Individual tanks were the 
experimental units, not individual fish. Thus, for individual fish 
lengths and weights, the mean of the individual fish sampled in 
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each tank was used for analysis. One way Analysis of Variance 
(ANOVA) was conducted, and if the treatments were significantly 
different, pair wise mean comparisons were performed using the 
Tukey HSD test.  Because of the small sample sizes used in this 
experiment (n=4), significance was predetermined at P < 0.10 
[24].

Results
There were no significant differences in tank ending 

weights, gain, percent gain, or feed conversion ratio among any 
of the treatments (table 1). Similarly, there were no significant 
differences in individual fish weight, length, specific growth rate, 
or relative fin lengths among the treatments (table 2).

Table 1: Mean (± SE) final tank weights, gain, percent gain, Feed 
Conversion Ratio (FCRa), and percent mortality for rainbow trout 
reared in circular tanks with no environmental enrichment, a 
vertically-suspended array of nine rods, or a vertically-suspended 
array of 15 rods.
aFCR = Food fed / gain

Environmental Enrichment

None 9-Rod Array 15-Rod Array

End tank 
weight (kg)

107.7 ± 1.4 108.3 ±  1.8 106.3 ± 1.7

Gain (kg) 100.5 ± 1.4 101.1 ±  1.8 99.1 ± 1.7

Gain (%) 1396 ± 19 1404 ± 25 1376 ± 24

Food fed (kg) 86.7 ± 0.0 86.7 ± 0.0 86.7 ± 0.0

FCR 0.86 ± 0.01 0.86 ± 0.01 0.88 ± 0.02

Mortality (%) 0.2 ± 0.1 0.2 ± 0.1 0.1 ± 0.0

Table 2: Mean (± SE) length, weight, Specific Growth Rate (SGRa), 
condition factor (Kb), and relative fin lengthsc of rainbow trout reared 
in circular tanks with no environmental enrichment, a vertically-
suspended array of nine rods, or a vertically-suspended array of 15 
rods.
a SGR = 100 * [ln(end weight) – ln(start weight)/number of days]
b K = 105 * [fish weight/fish length3]
c Relative fin length = 100 * [fin length/fish length]

Environmental Enrichment

None 9-Rod Array 15-Rod Array

Length (mm) 179 ± 2 175 ± 2 181 ± 1

Weight (g) 63.9 ± 3.7 60.6 ± 1.6 66.2 ± 5.0

K 1.12 ± 0.06 1.12 ± 0.02 1.12 ± 0.07

SGR 2.33 ± 0.01 2.34 ± 0.01 2.32 ± 0.01

Dorsal length (%) 6.2 ± 0.3 6.6 ± 0.4 6.6 ± 0.7

Pectoral length (%) 8.4 ± 0.6 8.6 ± 0.1 7.6 ± 0.4

Pelvic length (%) 6.7 ± 0.5 6.8 ± 0.3 6.5 ± 0.3
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Discussion
Increasing the size of the array from the nine rods previously 

used [12,13] to 15 rods did not positively affect rainbow trout 
growth. The duration of this experiment and starting size of 
the fish may explain the difference in results compared to prior 
studies that reported positive effects of enrichment on rainbow 
trout growth using the same rearing tanks, genetic strain, and 
feeding rates [12,13]. However, other methods used in these two 
previous studies did differ substantially from this study. They 
used fish three times larger, had study durations of 51 and 70 
days, respectively, and achieved a highest final density of 72.1 
kg/m3 in only one treatment, with all of the other treatments 
below 60.9 kg/m3. In contrast, this study began with relatively 
small fish, lasted 116 days, and all three of the treatments had 
final densities of approximately 70 kg/m3.  It is possible that 
the trout in the experimental tanks initially grew more rapidly 
at the start of the experiment, with growth slowing as they 
quickly achieved relatively high densities. Numerous studies 
have found reduced growth rates at higher densities, with two 
[25,26] reporting reduced growth rates of juvenile rainbow trout 
at high rearing densities. A review paper stated that 30 out of 40 
published experiments reported a negative effect of increased 
density on rainbow trout growth [27]. In addition, an upper 
limit of 50 kg/m3 for rainbow trout has been suggested [28], 
which was much less than the final densities used in the current 
experiment. This suggests that the fish in the control tanks may 
have grown more slowly throughout the course of the trial and 
only achieved the high final densities because of the long duration 
of the experiment. Supporting this argument are the results from 
the 141 day experiment using 1.8 g trout conducted previously, 
which also showed only small differences in treatment effects 
with final densities ranging from 65.8 kg/m3  to 70.8 kg/m3  [14].  

The feed conversion ratios of 0.86 to 0.88 reported in this 
study were lower than the values previously reported for rainbow 
trout in similar experiments [2,13,15]. Substantially higher feed 
conversion ratios of 1.25 and 1.31 for enriched tanks using the 
same feeding rates and regimes as this present study have been 
noted previously [2,13]. The smaller starting size of the juvenile 
fish in this study may partially explain the lower feed conversion 
ratios [29], but fish size alone likely does not explain the lack of 
significant differences between treatments. In addition, while 
the satiation feeding rates used in this study were based on prior 
studies and numerous observations, it is possible that the fish 
may have been able to consume additional feed.

The lack of difference in feed conversion ratio and gain among 
the treatments in this study may not support the hypothesis that 
environmental enrichment creates an area of reduced velocity 
that leads to improvements in foraging efficiency compared to 
un-enriched tanks [12,30,31]. Also, one study did not observe 
any significant improvement in growth or feed conversion ratio 
with the use of vertically-suspended structures utilizing brown 
trout (Salmo trutta), Atlantic salmon (Salmo salar), or Chinook 

salmon (Oncorhynchus tshawytscha) [21]. However, numerous 
other studies evaluating vertically suspended environmental 
enrichment structures have reported positive effects on feed 
conversion ratio and gain [12,13,14,15].

While the use of environmental enrichment in sterile tank 
environments for fish rearing is not a novel concept, vertically-
suspending structure is a very recent development. Many 
experiments have used a bottom structure or matrix to mimic 
natural environments [2,4,5,6,7,8,9,10,32,33,34,35,36]. However, 
these types of structures can impede the hydraulic self-cleaning 
inherent to circular tanks [2,18,37]. Just as reported by Crank 
et al. [15] who used different vertically-suspended enrichment 
structures, neither of the rod arrays used in this trial affected 
tank self-cleaning with appropriate tank velocities. 

The relative fin lengths in this study were similar to those 
obtained by Kientz et al. [13] and lower than those obtained 
by Crank et al. [15] using the same strain of rainbow trout and 
tanks. However, Crank et al. [15] used relatively low initial 
stocking densities which may have led to less fin abrasion and 
aggressive behavior. Environmental enrichment has been 
hypothesized to reduce aggression while providing areas of 
shelter for subordinate fish to hide, which in turn improves fin 
conditions [3]. These behaviors have been observed in Atlantic 
salmon [7] and steelhead trout (Oncorhynchus mykiss) [38,39]. 
Enriching raceways with cobble-based bottoms has also been 
shown to improve fin indices of rainbow trout [18]. Fin erosion 
comparisons across different strains of rainbow trout is difficult 
to compare as there could possibly be genetic differences for fin 
sizes across strains [40]. Hatchery fish in general have reduced 
fin lengths in comparison to their wild counterparts due to “fin-
nipping” and aggressive behaviors [41,42], tank or raceway wall 
abrasion, and density related fin erosional processes [43,44,45]. 
The vertically-suspended rod arrays used in this study may not 
have provided enough hiding or refuge areas to impact the social 
behaviors related to aggression and fin condition [3]. 

Conclusion
The results of this study do not support the use of vertically-

suspended structure as environmental enrichment to improve 
rainbow trout growth during hatchery rearing. However, these 
results should be interpreted with caution. They were likely 
influenced by potentially below-satiation feeding rates, as well as 
very high final rearing densities. In addition, many prior studies 
have consistently reported benefits from the use of vertically-
suspended environmental enrichment in circular rearing tanks.
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