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ABSTRACT

Despite their importance in understanding stream food webs and community dynamics, small-bodied and nongame fish remain
relatively understudied. This is also true of the basic ecology for these taxa, such as calculating length-weight relationships (LWRs).
Here we present LWRs for 22 species including nongame and small-bodied taxa from eastern North America in the Susquehanna
River watershed in > 30 small watersheds across four years, seven families, and > 7500 individuals. To contextualize these LWRs,
we compared the slopes (b) of our relationships for abundant species across broad-scale watersheds, over time, and to published
slopes in eastern North America. We found significant variability in b for our four most abundant species: Rhinichthys atratulus
(blacknose dace), Semotilus atromaculatus (creek chub), R. cataractae (longnose dace), and Etheostoma olmstedi (tessellated darter)
across both watershed and year of sampling yet inconsistent changes across species. We also found published values for b to be >
0.1 different from our LWRs for 36% of species, indicating wide variability across their geographic range as well. Collectively, these
results highlight variability in LWRs, and while they may caution against the generalized use for management, they also identify
opportunities for LWR use as a tool for comparing populations. The addition of these equations to the literature fills an important
gap in our understanding of LWRs for eastern North American fishes, while also providing regional, temporal, and taxonomic
context for consistency of LWRs across these species.

1 | Introduction [10], there is still a relative dearth of information on these

lationships i h America.
Small-bodied and nongame fish species are understudied relationships in North America

across ecological and socioeconomic contexts [1, 2], despite
their importance for understanding food web interactions
(e.g., [3, 4]), ecosystem function [5], management and policy
decisions [6], and emerging recreational importance [7]. In
particular, understanding length-weight relationships
(LWRs) and individual body condition can be valuable for
assessing differences in community dynamics that are not
visible with biomass or count data alone [8, 9]. While there
have been recent calls to expand management focus and data
collection for nongame species in light of their importance

Research to understand LWRs has expanded globally in recent
years, particularly in Asia [11-13] and Africa [14-16]. Yet, in
eastern North America, there are very few published LWRs for
nongame species, with only four studies we could identify in-
cluding any nongame stream fishes [17-20]. LWRs may also vary
across a species’ geographic range, environmental conditions,
and taxonomic groups [21, 22]. Therefore, replication and
comparative studies of LWRs across species ranges can help to
identify plasticity of these relationships within and across tax-
onomic groups. In addition, genus- and form-based data on
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LWRs may help inform biomass estimates when only lengths or
photos are available (e.g., citizen science projects or historic
imagery [23]).

Our purpose in this study is three-fold: (1) to document LWRs for
22 mid-Atlantic species from the Susquehanna River watershed,
(2) to compare consistency of LWR patterns across years, wa-
tersheds, and taxonomic groups to better understand the local
context for statistical confidence in estimating biomass from
length data, and (3) to compare our LWR coefficients to those
published in eastern North America to identify relative vari-
ability in LWRs across species’ geographic ranges. These LWRs
allow improved understanding of species variability in body
condition across a range, aiding management of fisheries and
improving the utility of historic data in future research for taxa in
eastern North America.

2 | Methods

We sampled 77 sites from 34 hydrologic unit code 12 (HUC;
a United States hierarchical coding system with larger numbers
referring to smaller watershed scales) watersheds across two
HUC 6 watersheds (9700 to 18,000 km? in size) in the Susque-
hanna River basin (Figure 1) from 2022 to 2025 during May-July
each summer via backpack electrofishing (Smith-Root LR-24
units). These stream sites ranged in average wetted width from
0.5 t010.2 m, included a range of land use from primarily forested
to agricultural and cross six ecoregions: Unglaciated High
Allegheny Plateau, Glaciated High Allegheny Plateau, Northern
Dissected Ridges and Knobs, Northern Limestone/Dolomite

Valleys, Northern Sandstone Ridges, and Northern Shale Valleys.
For each sampling event, we sampled a 100 m reach with up-
stream and downstream block nets and used dip nets for fish
capture with 3-mm mesh for all nets. We measured total length to
the nearest millimeter and weight to the nearest 0.1 or 0.01g
when feasible depending on field conditions (e.g., wind affected
higher precision balances), on the first 30 individuals of each
species captured at the site. All fish were measured in the field
and either released into the reach where they were captured or
vouchered in formalin after euthanasia with tricaine mesylate
(MS-222). All field sampling was completed under Pennsylvania
Fish and Boat Commission permits and Susquehanna University
IACUC approval.

We included species for analysis if we collected more than 10
individuals; regression intercept (a) and slope (b) were both
significant, and multiple age classes were sampled, leaving us
with 7631 individuals across 22 species. For the taxa that could
not be differentiated in the field (Cottus cognatus and C. bairdii;
sculpin spp.), we have included genus-level LWRs and listed the
contributing species. We log;,-transformed all length (millime-
ters) and weight (grams) data to follow the standard LWR for-
mula of log;, (weight) =1log;, (a) + blog;, (length) to calculate
the intercept and slope of the equation for each species [24].

To compare LWR slopes across years and HUCs for our data and
published LWRs we used nonoverlapping 95% confidence in-
tervals as a conservative estimate of significance. We used this
estimate as we did not have more than a maximum of four groups
for any comparison, for which a 95% interval approximates
a Bonferroni-corrected p value of 0.05 and is a more conservative
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FIGURE 1 | Northcentral Pennsylvania sampling locations (in green) overlayed on HUC 6 watersheds.
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Interannual variability in b between 2022 and 2025 for the four most common species sampled: (a) blacknose dace, (b) creek chub,

(c) longnose dace, and (d) tessellated darter. Points represent mean values for b with error bars for 95% confidence intervals. The n used to calculate each
length-weight regression is plotted by the point and letters indicate non-overlapping 95% confidence intervals.

estimate of significance for fewer comparison groups [25].
Published LWRs for comparison of a and b used both frequentist
estimates from sampled fish [17-20] and a Bayesian hierarchical
approach depending on the quality and quantity of available data
and species body shape [26] to generate slopes. While Bayesian
credible intervals and frequentist confidence intervals are gen-
erated from distinct underlying statistical frameworks, they
become numerically equivalent, or Bayesian estimates become
more precise, with n>75 and an absence of strongly skewed
distributions or bias priors [27], allowing for direct comparison
here between our results and FishBase estimates. Similar to all
published studies we used for comparison, we did not control for

gut contents or sex for individual inclusion in LWRs. All analyses
and figures were completed with R and the ggplot2 package
[28, 29].

3 | Results and Discussion

We calculated LWRs for 22 species from seven families and 17
genera (Table 1). In addition, 10 of these species did not have
published LWRs that we could find based on field measurements,
though other species have been sampled from the Mississippi and
eastern drainages (e.g., [30]), and all species included modelled
equations from FishBase. In comparing our LWR slopes to those

Journal of Applied Ichthyology, 2026
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Points represent mean values for b with error bars for 95% confidence intervals. The n used to calculate each length-weight regression is plotted by the

point and letters indicate non-overlapping 95% confidence intervals.

published for these species, we identified significant differences
in b for three species: Lepomis macrochirus (bluegill), Pimephales
notatus (bluntnose minnow), and Semotilus atromaculatus
(creek chub; Table 2). Micropterus nigricans (largemouth bass)
and bluegill also had significantly different b between existing
published values.

In addition to these significant differences in slope, we identified
high variability in b for some species that has the potential to create
very different biomass interpretations from length data, depending
on the slope coefficient used and size of the individuals in question

(even if 95% confidence intervals overlap). For 15 species (68%),
values for b varied by > 0.05 and by > 0.1 for eight species (36%). To
create context, a decrease of 0.05 in b for a 100-mm Catostomus
commersonii (white sucker) in our LWR equation would decrease
the calculated weight by 21%; and a decrease of 0.10 in b for the same
fish would decrease the estimated weight by 37% if a is held
constant. While this might not be realistic in all cases, slope vari-
ability also increases in importance for larger fish relative to in-
tercept. For example, a 150-mm bluegill would be estimated to
weigh 16% less if using the equation calculated by[19], a 200-mm
bluegill would be 26% less, and a 300-mm bluegill would be 37% less.
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These differences could create compounding impacts on ecological
inference or management decisions.

Within our own data, we identified significant and differing vari-
ability in b for our four most abundant species: Rhinichthys atratulus
(blacknose dace), creek chub, R. cataractae (longnose dace), and
Etheostoma olmstedi (tessellated darter) across both time (Figure 2)
and HUC6 watersheds (Figure 3). For three of these species, b was
significantly different between at least 2 years of sampling. However,
the pattern over time was inconsistent across species, with blacknose
dace and creek chub showing similar patterns to each other but not
longnose dace. In addition, the range in confidence intervals varied
widely across species, likely driven by n for each group (e.g., tes-
sellated darter count in 2025). Comparing large HUC6 watersheds,
creek chub and longnose dace had significantly lower b values for the
West Branch Susquehanna than for the Lower Susquehanna wa-
tershed. Blacknose dace showed a similar pattern (though not sig-
nificant), and tessellated darter had nearly identical b for these
watersheds (difference of 0.002). Within genera, slopes also varied
inconsistently. Blacknose and longnose dace had significantly dif-
ferent slopes while P. promelas (fathead minnow) and bluntnose
minnow were nearly identical (mean difference in b of 0.006), despite
these species having similar body types within both genera.

Our results and comparisons to published LWRs indicate that some
species might be more or less likely to have variable LWRs within
a region or dependent on local conditions (e.g., drought or flooding
years [31]). Regional patterns may also be a result of local stress for
some species by altering the timing of spawning or size at maturity
[32], which can alter the ratio or developmental state of gravid
individuals potentially sampled. Species interactions can also affect
competitiveness based on local conditions [33], contributing to
variable stress across a range while staying more consistent within
each individual stream. In addition, variability in sampling methods
used across studies may influence sampled individuals and have the
potential to impact body condition as a result, which is an un-
explored methodological question with ecological implications.
While these results highlight the potential variability in LWRs and
may caution against generalized use for management, we suggest
that this strengthens the opportunity for their use as a tool for
comparing populations and points to future directions for identi-
fying when LWRs are likely to be translatable across a species range
or stream conditions. In addition, it points to opportunities for
identifying the number of individuals and sampling locations that
may be needed to generate a more robust and generalized LWR,
within a watershed and across a species range.

4 | Conclusions

The addition of these equations to the literature can help inform
management and future research, while also providing regional,
temporal, and taxonomic context for the consistency of LWRs
across these species. These results also fill an important gap in
our understanding of LWRs for eastern North American fishes
and identify future directions for research into the application of
LWRs in fish ecology.

Acknowledgments

We would like to thank over 30 Susquehanna students and faculty who
supported field collection between 2022 and 2025 through the Freshwater
Research Institute summer internship program. We would also like to

thank Savannah Rhoads of Union County Conservation District and
Renee Carey of Northcentral Pennsylvania Conservancy for working
with local landowners to support long-term access and sampling of
streams.

Funding

This work was supported by external funding from the Richard King
Mellon Foundation and Foundation for Pennsylvania Watersheds and
internal funding from the Freshwater Research Institute and Department
of Earth and Environmental Sciences at Susquehanna University.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

All data that support the findings of this study and code to replicate
results are openly available in the “FRI_LWReg” GitHub repository at
https://github.com/Team-FRI/FRI_LWReg/.

References

1. J. H. Hartman and E. R. Larson, “Overlooked Invaders? Ecological
Impacts of Non-Game, Native Transplant Fishes in the United States,”
Fisheries 48, no. 2 (2023): 62-71, https://doi.org/10.1002/fsh.10864.

2. K. J. Murchie, E. S. Childress, and P. B. McIntyre, “For the Love of
Suckers: Scientific Benefits of Engaging Volunteers to Monitor Migra-
tions and Advocate for Native Non-game Fishes,” Environmental Biology
of Fishes 107, no. 12 (2024): 1515-1528, https://doi.org/10.1007/s10641-
024-01616-0.

3. P. A. McHugh, R. M. Thompson, H. S. Greig, H. J. Warburton, and
A. R. McIntosh, “Habitat Size Influences Food Web Structure in Drying
Streams,” Ecography 38, no. 7 (2015): 700-712, https://doi.org/10.1111/
ecog.01193.

4. J. R. Bellmore, C. V. Baxter, K. Martens, and P. J. Connolly, “The
Floodplain Food Web Mosaic: A Study of Its Importance to Salmon and
Steelhead With Implications for Their Recovery,” Ecological Applications
23, no. 1 (2013): 189-207, https://doi.org/10.1890/12-0806.1.

5. M. E. Power, “Habitat Heterogeneity and the Functional Significance
of Fish in River Food Webs,” Ecology 73, no. 5(1992): 1675-1688, https://
doi.org/10.2307/1940019.

6. N. G. Clancy, F.J. Rahel, B. K. Peoples, et al., “On the Importance and
Practical Conservation of Nongame Fishes,” Fisheries (2025): vuaf040.

7. S. J. Cooke, R. J. Lennox, B. Cantrell, and A. J. Danylchuk, “Micro-
Fishing as an Emerging Form of Recreational Angling: Research Gaps
and Policy Considerations,” Fisheries 45, no. 10 (2020): 517-521, https://
doi.org/10.1002/fsh.10487.

8. F. Cavraro, N. Bettoso, M. Zucchetta, A. D’Aietti, L. Faresi, and
P. Franzoi, “Body Condition in Fish as a Tool to Detect the Effects of
Anthropogenic Pressures in Transitional Waters,” Aquatic Ecology 53,
no. 1 (2019): 21-35, https://doi.org/10.1007/s10452-018-09670-4.

9. A. Maceda-Veiga, A. J. Green, and A. De Sostoa, “Scaled Body-Mass
Index Shows How Habitat Quality Influences the Condition of Four Fish
Taxa in North-Eastern Spain and Provides a Novel Indicator of Ecosystem
Health,” Freshwater Biology 59, no. 6 (2014): 1145-1160, https://doi.org/
10.1111/fwb.12336.

10. A. L. Rypel, P. Saffarinia, C. C. Vaughn, et al., “Goodbye to “Rough
Fish”: Paradigm Shift in the Conservation of Native Fishes,” Fisheries 46,
no. 12 (2021): 605-616, https://doi.org/10.1002/fsh.10660.

11. Q. Li, R. Xu, and J. Huang, “Length-Weight Relations for 20 Fish
Species from the Pearl River, China,” Acta Ichthyologica et Piscatoria 43,
no. 1 (2013): 65-69, https://doi.org/10.3750/aip2013.43.1.09.

12. J. T. Cuadrado, D. S. Lim, R. M. S. Alcontin, J. L. L. Calang, and
J. C. Jumawan, “Species Composition and length-weight Relationship of

Journal of Applied Ichthyology, 2026

7 of 8


https://github.com/Team-FRI/FRI_LWReg/
http://doi.org/10.1002/fsh.10864
http://doi.org/10.1007/s10641-024-01616-0
http://doi.org/10.1007/s10641-024-01616-0
http://doi.org/10.1111/ecog.01193
http://doi.org/10.1111/ecog.01193
http://doi.org/10.1890/12-0806.1
http://doi.org/10.2307/1940019
http://doi.org/10.2307/1940019
http://doi.org/10.1002/fsh.10487
http://doi.org/10.1002/fsh.10487
http://doi.org/10.1007/s10452-018-09670-4
http://doi.org/10.1111/fwb.12336
http://doi.org/10.1111/fwb.12336
http://doi.org/10.1002/fsh.10660
http://doi.org/10.3750/aip2013.43.1.09

Twelve Fish Species in the Two Lakes of Esperanza, Agusan Del Sur,
Philippines,” FishTaxa-Journal of Fish Taxonomy 14 (2019): 1-8.

13. M. R. Islam, M. G. Azom, M. Faridullah, and M. Mamun, “Length-
Weight Relationship and Condition Factor of 13 Fish Species Collected
from the Atrai and Brahmaputra Rivers, Bangladesh,” Journal of Bio-
diversity and Environmental Sciences 10, no. 3 (2017): 123-133.

14. J. M. Ecoutin, J. J. Albaret, and S. Trape, “Length-Weight Re-
lationships for Fish Populations of a Relatively Undisturbed Tropical
Estuary: The Gambia,” Fisheries Research 72, no. 2-3 (2005): 347-351,
https://doi.org/10.1016/j.fishres.2004.10.007.

15. R. U. Hazoume, A. Chikou, C. Koudenoukpo, A. Adite, C. A. Bonou,
and G. A. Mensah, “Length-Weight Relationships of 30 Species of Fish of
the River S6 in Benin (West Africa),” International Journal of Fisheries
and Aquatic Studies 5, no. 3 (2017): 514-519.

16. E. Montchowui, M. J. Kogbeto, and P. Laleye, “Weight-Length Re-
lationships for Commercial Fish Species Caught in Lake Hlan in Benin
(West Africa),” International Journal of Biological and Chemical Sciences
3, no. 3 (2009): https://doi.org/10.4314/ijbcs.v3i3.45332.

17. E. R. Driehaus, J. Landreth, K. Adase, et al., “Length-Weight Re-
lationships for 44 Central Appalachian Fish Species,” Journal of Applied
Ichthyology 2023, no. 1 (2023): 5573054-5573055, https://doi.org/
10.1155/2023/5573054.

18. J. Parker, M. W. Fritts, and J. A. DeBoer, “Length-Weight Re-
lationships for Small Midwestern US Fishes,” Journal of Applied Ich-
thyology 34, no. 4 (2018): 1081-1083, https://doi.org/10.1111/jai.13721.

19. S.J. Miller, D. T. VanGenechten, and C. E. Cichra, “Length-Weight
Relationships and an Evaluation of fish-size and Seasonal Effects on
Relative Condition (K n) of Fishes From the Wekiva River, Florida,”
Florida Scientist (2015): 1-19.

20. W. C. Beckman, “The Length-Weight Relationship, Factors for
Conversions Between Standard and Total Lengths, and Coefficients of
Condition for Seven Michigan Fishes,” Transactions of the American
Fisheries Society 75, no. 1 (1948): 237-256, https://doi.org/10.1577/1548-
8659(1945)75[237:tIrffc]2.0.co;2.

21. P. G. Jellyman, D. J. Booker, S. K. Crow, M. L. Bonnett, and
D. J. Jellyman, “Does One Size Fit All? an Evaluation of Length-Weight
Relationships for New Zealand’s Freshwater Fish Species,” New Zealand
Journal of Marine & Freshwater Research 47, no. 4 (2013): 450-468,
https://doi.org/10.1080/00288330.2013.781510.

22. R. Al-Chokhachy, B. H. Letcher, C. C. Muhlfeld, et al., “Stream Size,
Temperature, and Density Explain Body Sizes of Freshwater Salmonids
Across a Range of Climate Conditions,” Canadian Journal of Fisheries
and Aquatic Sciences 79, no. 10 (2022): 1729-1744, https://doi.org/
10.1139/cjfas-2021-0343.

23. R. Bonney, J. Byrd, J. T. Carmichael, et al., “Sea Change: Using
Citizen Science to Inform Fisheries Management,” BioScience 71, no. 5
(2021): 519-530, https://doi.org/10.1093/biosci/biab016.

24. R. Froese, “Cube Law, Condition Factor and weight-length Re-
lationships: History, Meta-Analysis and Recommendations,” Journal of
Applied Ichthyology 22, no. 4 (2006): 241-253, https://doi.org/10.1111/
j-1439-0426.2006.00805.x.

25. H. Goldstein and M. J. Healy, “The Graphical Presentation of
a Collection of Means,” Journal of the Royal Statistical Society: Series A
158, no. 1 (1995): 175-177, https://doi.org/10.2307/2983411.

26. R. Froese and D. Pauly, eds., “FishBase,” World Wide Web Electronic
Publication (2025), https://www.fishbase.org.version.

27. K. Gray, B. Hampton, T. Silveti-Falls, A. McConnell, and C. Bausell,
“Comparison of Bayesian Credible Intervals to Frequentist Confidence
Intervals,” Journal of Modern Applied Statistical Methods 14, no. 1 (2015):
8-52, https://doi.org/10.22237/jmasm/1430453220.

28. R Core Team, R: A Language and Environment for Statistical Com-
puting (Vienna, Austria: R Foundation for Statistical Computing, 2024),
https://www.R-project.org.

29. H. Wickham, ggplot2: Elegant Graphics for Data Analysis (New York:
Springer-Verlag, 2016).

30. J. C. Bagley and M. F. Breitman, “Length-Weight Relationships for 14
Cypriniform Freshwater Fish Species (Actinopterygii) From the Upper
Mississippi River Basin,” Acta Ichthyologica et Piscatoria 54 (2024):
213-220, https://doi.org/10.3897/aiep.54.126623.

31. M. C. Mallett, J. D. Thiem, G. L. Butler, L. Carpenter-Bundhoo, and
M. J. Kennard, “Freshwater Fish Condition Responses to Hydrological
Disturbance are Species-and Scale Dependent,” Journal of Fish Biology
(2025).

32. E. K. Perkin and M. J. Wilson, “Anthropogenic Alteration of Flow,
Temperature, and Light as life-history Cues in Stream Ecosystems,”
Integrative and Comparative Biology 61, no. 3 (2021): 1134-1146, https://
doi.org/10.1093/icb/icab024.

33. B. R. Colby, J. M. Niles, M. H. Persons, and M. J. Wilson, “Shifting
Thermal Regimes Influence Competitive Feeding and Aggression Dy-
namics of Brook Trout (Salvelinus fontinalis) and Creek Chub (Semotilus
atromaculatus),” Ecology and Evolution 12, no. 7 (2022): €9056, https://
doi.org/10.1002/ece3.9056.

8 of 8

Journal of Applied Ichthyology, 2026


http://doi.org/10.1016/j.fishres.2004.10.007
http://doi.org/10.4314/ijbcs.v3i3.45332
http://doi.org/10.1155/2023/5573054
http://doi.org/10.1155/2023/5573054
http://doi.org/10.1111/jai.13721
http://doi.org/10.1577/1548-8659(1945)75[237:tlrffc]2.0.co;2
http://doi.org/10.1577/1548-8659(1945)75[237:tlrffc]2.0.co;2
http://doi.org/10.1080/00288330.2013.781510
http://doi.org/10.1139/cjfas-2021-0343
http://doi.org/10.1139/cjfas-2021-0343
http://doi.org/10.1093/biosci/biab016
http://doi.org/10.1111/j.1439-0426.2006.00805.x
http://doi.org/10.1111/j.1439-0426.2006.00805.x
http://doi.org/10.2307/2983411
https://www.fishbase.org.version
http://doi.org/10.22237/jmasm/1430453220
https://www.R-project.org
http://doi.org/10.3897/aiep.54.126623
http://doi.org/10.1093/icb/icab024
http://doi.org/10.1093/icb/icab024
http://doi.org/10.1002/ece3.9056
http://doi.org/10.1002/ece3.9056

	Length–Weight Relationships for 22 Mid-Atlantic Species Show Variability in Slopes Spatially, Temporally, and With Published Regressions
	1. Introduction
	2. Methods
	3. Results and Discussion
	4. Conclusions
	Acknowledgments
	Funding
	Conflicts of Interest
	Data Availability Statement




