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cause of mortality (Willis and Lewis 1957). Alternatively, part of the 
dry mass loss was measured to be lipids, providing evidence that fat 
body hydrolysis for the production of metabolic water may have 
also contributed to the decrease in dry weight (Danks 2000).

The impacts on water balance were re�ected in increased 
susceptibilities to sucralose and dehydration when cockroaches 
were water-stressed or pretreated with sucralose, respectively. 
Cockroaches of the UCR and WM strains kept without water 

Fig. 3. Survivorship of A) UCR, B) WM, and C) RG386 strains without water after 2, 1, or 0 days exposure to 20% sucralose solution. Different letters by the �gure 
legend denote signi�cant differences, and the P-value represents an overall difference between all treatments (Log-rank test; � = 0.05).

Table 3. Dehydration survival time and mortality of German cockroaches after 0, 1, and 2 days exposure to 20% sucralose solution

Strain Treatmenta Mean survival time (d) 95% CI % Mortality at 14 d

UCR 2 d 20% sucralose 3.5 2.9�4.1 100.0
1 d 20% sucralose 5.4 4.5�6.2 97.5
0 d 20% sucralose 5.4 4.9�6.0 100.0
2 d control - � 13.3
1 d control � � 6.7
0 d control � � 6.7

WM 2 d 20% sucralose 2.5 2.1�3.0 100.0
1 d 20% sucralose 4.7 3.6�5.7 97.5
0 d 20% sucralose 5.8 4.8�6.8 97.5
2 d control � � 3.3
1 d control � � 6.7
0 d control � � 3.3

RG386 2 d 20% sucralose 2.4 2.0�2.8 100.0
1 d 20% sucralose 3.7 2.8�4.5 97.5
0 d 20% sucralose 3.9 3.3�4.4 97.5
2 d control � � 0.0
1 d control � � 0.0
0 d control � � 3.3

aControls were provided with water after sucralose exposure.
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for 1 or 2 days experienced expedited sucralose-associated mor-
tality of up to ~3 days (Table 1). The initial dehydration would 
have compounded with sucralose-mediated water loss or caused 
cockroaches to consume more solution, resulting in faster death. 
Similarly, all strains exposed to 20% sucralose solutions for 2 days 
succumbed to earlier dehydration (Fig. 3). In the �eld, German 
cockroaches depend on consistent water for survival, evidenced 

by their common occurrence in areas with a local water source, 
such as kitchens and bathrooms (Wang 2021). Unlike in laboratory 
rearing conditions where water is provided ad libitum nearby, �eld 
populations are more likely to encounter water scarcity. The asso-
ciation of sucralose activity with water relations is advantageous 
under �eld treatment conditions where cockroaches may be consist-
ently water challenged.

Fig. 4. A) Total weight, B) dry weight, C) water content, and D) lipid content of UCR, WM, and RG386 strains after 0, 3, or 6 days exposure to 20% sucralose 
solution. Different letters indicate signi�cant difference between days (Wilcoxon rank sum test; � = 0.05).

Table 4. Water loss parameters of German cockroaches exposed to 20% sucralose solutions for 3 and 6 days compared to unexposed (0 
days) cockroaches

Strain Time (days) Total weight (mg) Dry weight (mg) Water weight (mg) % Water lossa Lipid weight (mg)

UCR 0 47.28 a 13.57 a 33.71 a � 2.74 a
3 37.37 b 11.56 b 25.81 b 23.44% 2.06 ab
6 37.82 b 12.2 b 25.62 b 24.0% 1.64 b

WM 0 52.34 a 14.9 a 37.44 a � 3.38 a
3 44.33 b 13.69 b 30.64 b 18.16% 2.87 b
6 37.55 c 11.45 c 26.1 c 30.29% 2.44 b

RG386 0 50.74 a 14.04 a 36.7 a � 4.82 a
3 45.87 b 14.24 a 31.63 b 13.81% 2.85 b
6 40.87 c 12.61 b 28.26 c 23.0% 2.39 b

a(Water weight at 0 d�Water Weight)/Water Weight at 0 d × 100.
Different letters indicate signi�cant difference between days (Wilcoxon rank sum test; � = 0.05).
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The gut microbiome of the German cockroach is highly vari-
able and dependent on multiple factors, especially diet, environ-
ment, and host physiology (Pietri and Kakumanu 2021). While 
German cockroaches from natural infestations are expected to 
have a different composition of gut bacteria compared to labora-
tory populations because of these factors, rearing both under similar 
conditions may cause the communities to converge (P�rez-Cobas et 
al. 2015, Kakumanu et al. 2018). Nonetheless, some differences can 
persist due to their association with stable physiological heteroge-
neity, such as life-history rates and xenobiotic metabolism (Pietri et 
al. 2018, Zhang and Yang 2019). We report slight differences in the 
initial diversity of whole guts of adult males between �eld-collected 
(WM and RG386) and a laboratory strain (UCR) that have been 
raised under identical conditions for ~4 yr (Fig. 6). The community 
richness of the UCR and WM strains was similar, whereas RG386 

was signi�cantly lower (Fig. 6A). Shannon diversity decreased se-
quentially, with WM being the highest, followed by UCR and 
RG386 (Fig. 6B). These differences may be associated with insecti-
cide susceptibility, as UCR is a susceptible population and WM and 
RG386 are resistant to multiple insecticides, but further conclusions 
require additional investigations of the microbiome function (Lee et 
al. 2022).

Exposure to 20% sucralose solution for 3 days severely impacted 
the diversity of bacteria in the guts of all strains. After treatment, both 
Chao1 richness and Shannon diversity indices plummeted, and strains 
were statistically indistinguishable, indicating a consistent detrimental 
impact of sucralose (Fig. 6A and B). All strains and treatment groups 
were clustered separately based on Jaccard similarity, showing a low 
degree of community overlap (Fig. 7A). Furthermore, because un-
treated strains were densely grouped while treated strains were more 

Fig. 6. Boxplots of richness, A) Chao1 and alpha diversity, (B) Shannon, indices. RC and RS are RG386 untreated and treated, respectively. UC and US are UCR 
untreated and treated, respectively. WC and WS are WM untreated and treated, respectively. Treated groups are shaded and untreated groups are unshaded. 
Different letters indicate a signi�cant difference between strain-treatment groups (pairwise Kruskal�Wallis test; � = 0.05).

Fig. 5. Alimentary tracts of German cockroaches provided A) sterile water for 3 days and B) 20% sucralose solution for 3 days. FG�foregut; MG�midgut; 
HG�hindgut.
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