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Abstract

The prevalence of artificial light at night can alter nocturnal environments and affect animal behavior. We investigated how the
presence of artificial light affects the activity of the variable crayfish Cambarus latimanus by manipulating light intensities
and providing a choice between dark and lighted environments. Crayfish were more active in the absence of artificial light and
preferred dark environments even when light intensities were very low (~5 1x). Our results suggest that crayfish may increase
sheltering behavior and seek out darkness in the presence of artificial light, potentially increasing shelter competition and
reducing contributions of crayfish to ecosystem function.
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Figure 1. Crayfish response to the presence of artificial light at night:

(A) Overhead image captured from cameras mounted above experimental arenas with high (~60 Ix, left), low (~15 Ix, middle),
and no light (right) from Experiment I. (B) Comparison of the proportion of time spent in shelter for high, low, and no light
treatments in Experiment I. (C) Image of experimental setup for Experiment I showing darkened arenas enclosed in a box
with a light shining on one side of the arena (left) and a divided arena that creates a choice between a side with artificial light
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and without artificial light (right). (D) Comparison of the proportion of time spent in the dark for 4 trials in Experiment II
under the absence (Shelter -) or presence (Shelter +) of shelter and sequentially reduced light intensities (60 1x, 15 1x, and 5
Ix).

Description

Urbanization for commercial, residential, and industrial purposes is characterized by increasing impervious surface cover and
decreasing vegetative cover that increases stormwater runoff, flooding, pollution, and sedimentation, leading to a loss of
aquatic biodiversity (Dudgeon et al. 2006 Kim et al. 2025; Tang et al. 2025). As urbanization progresses, artificial light at
night (ALAN) becomes more prevalent, fundamentally altering nocturnal environments as an added stressor on biological life
(Bara and Falchi 2023). However, the effect of ALAN on nocturnal animal behavior has only recently been investigated
(Longcore and Rich 2004). An increasing body of research indicates that ALAN affects the timing of various biological
activities across many taxa (Gaston et al., 2017) and alters physiology and life history traits (Sanders et al., 2020). It is
suggested that artificial light, because of its pervasive impacts to biodiversity and human health, should receive greater focus
in the field of global change research (Davies and Smyth 2017).

Crayfish are decapod crustaceans with high imperilment that have the greatest diversity in the southeastern U.S, particularly in
the Appalachian mountains (Loughman and Fetzner Jr. 2015). As nocturnal organisms, crayfish are most active at night,
conducting activities related to their designation as a keystone species, such as regulating nutrient processing, controlling
trophic interactions, and modifying habitats (Reynolds et al., 2013), but the presence of ALAN may limit their nocturnal
activity. Exposure of signal crayfish (Pacifastacus leniusculus) to light pollution reduced nocturnal activity and conspecific
interactions (Thomas et al,. 2016). Similarly, New River crayfish (Cambarus chasmodactylus) and spiny stream crayfish
(Orconectes cristavarius) reduced nocturnal activity when exposed to ecologically-relevant intensities of light under
laboratory conditions (Fischer et al., 2020). Exposure can also alter social interactions, particularly agonistic fights (Jackson
and Moore 2019). In an investigation of aquaculture conditions, Franke and Horstgen-Schwark (2015) observed decreased
nocturnal activity in the presence of light for noble crayfish (Astacus astacus).

This study investigated the effect of ALAN on crayfish nocturnal activity through a controlled laboratory study using the
variable crayfish, Cambarus latimanus, a species common to Spartanburg County, South Carolina, one of the fastest growing
counties in the U.S. (Tran 2025; U.S. Census Bureau 2024). It was hypothesized that crayfish would be less active when
exposed to greater artificial light intensities and prefer darker environments.

To test this hypothesis, two lab-controlled experiments were conducted in which crayfish were exposed to varying light
intensities during nocturnal periods. In Experiment I, crayfish in an experimental arena with available shelter were exposed to
one of three light intensities (i.e., high light, low light, and no light), and their activity was recorded as either walking,
stationary but unsheltered, or sheltering. In Experiment II, crayfish were placed in a divided arena and provided a choice
between an environment containing artificial light and a completely darkened environment across four trials. After the first
trial that lacked available shelter, shelter was provided, and then light intensity was reduced for each successive trial.

In experiment I, there was no significant difference (H(2)= 4.85, P = 0.088) between the proportion of sheltering time among
treatments although median sheltering time was reduced and more variable when no artificial light was present. Crayfish were
used from two different populations and had two differing lab acclimation times (14 days vs. 2 days), which may have affected
sheltering time although there was a non-significant difference in sheltering times between acclimation times (H(1) = 3.42, P =
0.064). In addition, there was no significant difference in the proportion of sheltering time among arenas within the same
treatment (P = 0.5141).

In experiment II, crayfish spent a significantly greater ()(2 (1N = 6) = 288.54, P < 0.001) amount of time in the dark
environment than in the light environment, indicating a preference for dark environments. No significant difference (H(3) =
2.5, P = 0.477) was found in the proportion of time spent in darkness between trials, indicating that providing shelter and
reducing light intensity did not cause crayfish to choose environments with artificial light more often. No significant tank
effects (P = 0.803) were observed across the six arenas used.

Many factors can influence crayfish behavior, including light intensity (Gherardi 2002). In this study, C. latimanus activity
was reduced in the presence of artificial light in favor of sheltering behavior, and they consistently chose dark environments
even under reduced (15 and 5 Ix) light intensities. Thus, artificial light may reduce nocturnal activity of this crayfish.
Darkened environments at night are hypothesized to provide a less risky environment for crayfish to conduct activities such as
movement between habitats, searching and foraging, and agonistic fights. Specifically, nocturnal activity may be an adaptation
to minimize predation risk (Holdich 2002), and crayfish, in general, may tend to exhibit greater risk-taking behavior and
boldness at night although inter-individual differences can occur in daily activity (Sbragaglia and Breithaupt 2022). Thus,
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ALAN may drive crayfish to enact more risky behavior in the presence of light, exposing them to greater predation risk, or
reduce overall activity in preference for sheltering in burrows. Our results suggest a preference in C. latimanus to seek dark
environments and shelter more frequently.

As keystone species whose activities have an outsized impact on their ecosystem, increased sheltering time can affect
ecosystem impacts of crayfish (Thomas et al., 2016; Fischer et al., 2022). Reduced foraging activity may limit energy
acquisition by crayfish that translates into reduced growth rates and poorer condition and may reduce availability of organic
materials derived from the shredding and processing of these materials by crayfish, limiting the productivity of these aquatic
systems. Crayfish availability to nocturnal predators may decrease also, affecting energy transfers among trophic levels.
Furthermore, the greater importance of shelter due to ALAN may increase competition for shelters, enhancing agonistic
interactions and displacement of individuals where habitat complexity is low, potentially favoring larger crayfishes and more
aggressive species (Usio et al., 2001; Olsson and Nystrom 2008; Chucholl et al., 2008).

However, nocturnal activity in crayfish can vary between species with some species exhibiting greater diurnal activity (Musil
et al., 2010). Therefore, our results cannot be extrapolated to all crayfish species, and it is not known if C. latimanus daily
activity cycles are dominated by nocturnal activity. However, our results support a growing body of research indicating that
crayfish, invertebrates, many other taxa, and, broadly, ecosystems experience disruption and harm from the prevalence of
ALAN. While providing benefits to society such as safety and security at night and supporting leisure and commercial activity
at night, an analysis of trade-offs in the modern use of ALAN and proper regulation that supports aquatic biodiversity and
minimizes harm should be considered (Morgan-Taylor and Kim 2016).

Methods
Crayfish Collection and Housing

The variable crayfish, Cambarus latimanus, an abundant and prevalent crayfish in South Carolina, was captured at two small
tributaries in the Lawson’s Fork Creek watershed in Spartanburg, South Carolina on 18 June 2025 and 15 July 2025. Upon
capture, crayfish were immediately transported to Wofford College, where they were acclimated to the lab water source over a
30-minute period and placed into tanks for housing. Each tank was a rectangular (50.8 x 25.4 x 30.5 cm) 10-gallon tank that
had 3-5 cm of cleaned gravel substrate, constant aeration, and 10-12 3.81-5.08 cm diameter PVC pipes that were cut in half
lengthwise and approximately 10 cm in length to use as shelter. The mean water temperature was 20.5°C. Crayfish were fed
every 3-4 days (Aqueon sinking shrimp pellets), and water changes occurred approximately once per week.

Experiment I: Crayfish Sheltering Behavior in Varying Light Levels

Six (15.2 x 20.3 x 20.3 cm) experimental arenas were prepared with 3-5 cm of gravel, aerated, and wrapped in a thick layer of
black landscaping fabric to reduce external light and reflectivity, which can affect crayfish behavior (Rocca et al. 2024). Three
treatment conditions were created — high light (~20 lux), low light (~7 lux), and no light (~1 lux) — that contained two arenas
each. Cardboard dividers were placed between arenas in each treatment group to isolate treatment groups and eliminate the
possibility of light contamination of nearby tanks. High brightness LED 10-watt flood lights were mounted approximately 40
cm above the high light and low light treatments to provide light for each arena. To reduce the light intensity in the low light
treatment, black felt was placed over the light until an intensity of 7 Ix was achieved. Light intensity was measured using a
Vernier LabQuest 2 Light Sensor probe. A Wyze Cam-OG 1080p HD color camera with night vision was mounted over each
treatment group to record crayfish activity in two tanks simultaneously. A single crayfish was placed into each arena at 1300
hrs and acclimated in arenas for approximately 7 hours. The laboratory was darkened from 2000 hrs to 0800 hrs, and crayfish
were recorded between 2000 and 0500 hrs continuously. Video footage was stored on 64 GB microSD cards as one minute
duration videos, and cameras were formatted to livestream video throughout the night to monitor the experiment.

Three nights were recorded, resulting in three trials for each treatment. For each recorded night, 75 minutes of footage was
selected for review of crayfish activity that consisted of 2030 — 2045 hrs, 2230 — 2245 hrs, 0030 — 0045 hrs, 0230 — 0245 hrs,
0430 — 0445 hrs. For each period, 15 1-min videos were watched and the activity displayed by the crayfish during the majority
of the 1-min period was recorded. Crayfish activity was categorized as sheltered (i.e., crayfish hiding under the rock shelter),
active (i.e., crayfish walking in arena), stationary (i.e., crayfish not under shelter but stationary and not near the edge of the
arena), or on the edge of the tank (i.e., crayfish stationary and adjacent to the edge of the arena). Observations of crayfish
along the edge of the tank were mostly stationary and flush against the edge. Thus, it was assumed that they were using the
corner of the arena as shelter unless they were walking, and edge of the arena observations were considered as sheltered
observations. The proportion of time spent in shelter was calculated for each crayfish. For the last trial of the experiment,
crayfish that were recently captured from another stream with a reduced acclimation period (~48 hours) were used.

Experiment II: Crayfish Preference for Light and Dark Environments
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Six (15.2 x 20.3 x 20.3 cm) experimental arenas were prepared with 3-5 cm of gravel, constant aeration, and a layer of black
landscaping fabric identical to Experiment I. Each arena was divided into two equal-sized sections created using a duct tape
barrier in the middle of the tank. The barrier had a 2.5 - 4.0 cm gap between the barrier and the gravel so crayfish could move
between sections. Each arena was placed into cardboard boxes and covered with a cardboard lid to create a completely dark
environment. On one side of the cardboard lid, a small rectangular hole was created, and a high brightness LED 10-watt light
was placed on the hole, creating a light side (~60 Ix) and a dark side within the arena.

A single crayfish was placed into each arena, and crayfish acclimated in the tank for two hours and were then observed every
five minutes over one hour, either being counted as in the light or dark side of the tank. Observations were made by creating a
small, covered hole on the light side of the box so that observations could be made while minimizing disturbance. Crayfish
that were not observed on the light side of the arena were assumed to be in the dark side of the arena. Four trials were
conducted with six arenas. The first trial contained no shelter, but shelter, consisting of a 5.08 cm diameter, 10 cm long PVC
pipe cut in half lengthwise, was added to each side of the arena for each successive trial. Thus, the second trial contained a
PVC shelter with a light intensity of 60 1x. After observations from the first two trials, the light intensity was reduced for the
third trial to 15 Ix and then to 5 Ix to determine if crayfish preferences for light or dark environments would change under
decreasing light intensities. Thus, each trial represented four different conditions.

Statistical Analysis

For Experiment I, the individual crayfish (N=24) was the unit of analysis with the 75 1-minute observations from video
recordings being recorded as the proportion of time spent in shelter, resulting in a single measurement of the proportion of
time in shelter for each crayfish. The proportion of time in shelter was not normally distributed. Thus, a Kruskal-Wallis test
(H(df); P-value) was used to compare the median proportion of sheltering among the three treatment groups. For the last trial
of the experiment, crayfish that were recently captured from another stream with a reduced acclimation period (~48 hours)
were used. Based upon the observation that these crayfish sheltered more often, a Mann-Whitney U test was used to compare
proportion of time in shelter between the two source streams to determine if a location effect existed. Because each treatment
contained two arenas during each data collection period, a Mann-Whitney U test investigated whether the proportion of time in
shelter differed among the two experimental arenas to test for tank effects.

In Experiment II, all observations of a crayfish’s choice of light or dark environments over the observation period were
converted to the proportion of time a crayfish spent on the dark side of the arena. A Kruskal-Wallis test compared the
proportion of time on the dark side of the arena across four trials. In addition, a Kruskal-Wallis test compared medians across
the six arenas used in the experiment to test for tank effects. All analyses were completed using R 4.4.2 and considered
significant at a = 0.05.
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