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Abstract

This study examined the length-weight relationship (LWR) and health status of five native freshwater fish species from seven
wadis in the Hajar Mountain sampled once in March 2023. 1,896 fish specimens collected with foldable shrimp and crab fishing
traps were analyzed for LWR parameters, growth types, and condition factors. The fish weight and length were measured using
a digital electronic balance with precision of 0.01 g and a digital caliper, respectively. This analysis yielded coefficient of determi-
nation (R?) was > 0.906, suggesting a good model fit. This study evaluated three well-being factors, Fulton’s condition factor (Kc),
allometric condition factor (Ka), and relative condition factor (Kn). Generally, the LWR parameters exhibited variability between
species and locations. The b-values ranged from 2.833 to 3.352 where the majority of species at all the sites revealed positive
allometeric (b > 3) except for Garra shamal at Wadi Al Amirat, Aphaniops spp. at Wadi Al Khoud and Wadi Fanja, and Cyprinion
muscatense at Wadi Surur, which displayed an isometric growth (b = 3). Kc mean values ranged from 0.902 + 0.085 to 1.889 +
0.288 with the highest value observed in Aphaniops stoliczkanus at Wadi Al Amirat and the lowest value in C. muscatense at Ain
Wadhah. The Ka average values show growth pattern in length-weight relationships where C. muscatense had the highest value
of 2.124 + 0.556 at Wadi Surur. The mean Kn values clustered around 1, which is common for healthy fish populations. There is a
wide variation in growth patterns in LWRs and CFs among species and locations which might be attributed to the environment,
food availability, reproductive status, and habitat characteristics. In this study, freshwater fish conservationists gained new infor-
mation on CFs and updated LWR data. To improve the management of freshwater ecosystems we suggest conducting regular
monitoring and creating protected areas at locations showing optimal fish conditions. Additionally, carrying out further studies
that investigate the relationships between environmental parameters, fish CFs, gender, and seasonal variations to better inform
conservation strategies.
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Introduction

The length-weight relationship (LWR) of fish is often used as
a general indicator of the well-being of a fish species (Froese,
2006). It is used to calculate condition factors and provide infor-
mation on growth patterns of fish (Jisr et al., 2018). Moreover,
it can be used to compare the weight of a fish with those of the
same length and to estimate fish weight from only length data
(Ragheb, 2023; Tesch, 1978). In addition to helping in under-
standing fish habitats, it is also useful in comparing fish popu-
lations in different ecosystems (Kim et al., 2023). Besides that,
LWR can also be used to compare stages of the life cycle for
fish populations (Bolognini et al., 2013). Furthermore, a fish’s
LWR can change as it grows, undergoes metamorphosis, and
becomes an adult (Kuriakose, 2017).

Condition factors, on the other hand, are widely used as a
general index of fish well-being, it is hypothesized that heavier
fish are physiologically healthier. Fish Condition factors offer
a quick and easily obtained method to compare the relative
health of different species or the same species in different envi-
ronments (Tesch, 1978). Moreover, biotic and abiotic factors af-
fect conditions (Blackwell et al., 2000); interaction between fish
physiology, feeding habits, and parasitic burden causes fluctua-
tions (Famoofo & Abdul, 2020; le Cren, 1951). Generally, three
conditions are identified: Fultons condition factor (Kc) relates
fish weight to length, providing an estimate of the fish’s robust-
ness as well as its overall health (Froese, 2006). The allometric
condition factor (Ka) is used to account for the non-isometric
growth of fish where the length-weight relationship differs from
a cubic relationship (Cone, 1989). The relative condition factor
(Kn), is used to compare the weight of an individual fish to that
of a reference population of the same size or habitat (le Cren,
1951). According to Kuriakose (2017) there are some factors
that affect the LWR and condition factors of a fish, such as food
availability, number of fish using the same food source, oxygen
levels, temperature, and other environmental factors, a fish’s
size, age, and sexual maturity.

There is much research from around the world on the
LWR and condition factors of freshwater fish belonging to
the families studied in this research (Alharthi, 2019; Ergiiden,
2021; Konyak & Temjen, 2024). Though, in Oman only some
studies have explored length-weight relationships of freshwater
fish (Al Jufaili et al., 2021; Echreshavi et al., 2022; Giiglii et al.,
2021, 2024; Masoumi et al., 2023). Yet, this study represents
the first investigation of condition factors of freshwater fishes
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in Oman. Data on a wider range of species and water bodies in
the Hajar Mountain ecoregion is lacking. Thus, this study aims
to examine these relationships and well-being factors in various
freshwater fish species at different water bodies in the Hajar
Mountain of Oman. Moreover, a LWR comparison between
different data obtained from Al Jufaili (2021) was conducted
to examine potential differences in LWR parameters between
similar species. The results of the study are presented in order to
assist conservationists studying these freshwater fish species by
analyzing the length-weight relationships and condition factors.

Materials and Methods

Study area

Oman is located in the south-eastern part of the Arabian Pen-
insula (Fig. 1). Omani climates are characterized by arid interi-
ors dominated by the Rub al Khali desert, as well as semi-arid
regions along with parts of the Omani coasts near the Hajar
Mountains (Beshkani et al., 2017). The Hajar Mountains are
distinguished by a diverse geological composition. Despite the
aridity of the region, the Hajar Mountains present a climati-
cally unusual setting in comparison to the neighboring areas.
The elevated peaks, profound canyons, and distinctive topog-
raphy of the Hajar Mountains generate a range of ecological
habitats, rendering the area an optimal site for the existence of
endemic flora and fauna species (Carranza et al., 2021). The
Oman Mountains, specifically the Hajar Mountain range, are
recognized as a freshwater ecoregion (ID 443) by the World
Wildlife Fund for Nature (WWTF) (Abell et al., 2008). There are
several wadis (spring-fed watercourses) in the Hajar mountain
range proving natural habitat for fish, despite the limited pre-
cipitation in the area (Burt, 2003). This study was carried out
in seven wadis, a bed or valley of water stream, located in the
Hajar Mountain range in northeastern Oman. All of these sites
originate from the Hajar Mountain ecoregion with permanent
streams throughout the year. Additionally, all sites are accessible
with presence of native freshwater fishes. Fish were collected in
March 2023 (spring) for the study from the following sites: Ain
Wadhah (AW; 22°59'N, 57°17°E), Wadi Aday (WA; 23°35'N,
58°31’E), Wadi Al Amirat (WAA; 23°32°N, 58°30’E), Wadi Al
Khoud (WAK; 23°34°N, 58° 07’E), Wadi Darsait (WD; 23°37’N,
58°32’E), Wadi Fanja (WF; 23°27'N, 58° 06’E), and Wadi Surur
(WS; 23°22'N, 58° 06°E) (Fig. 1).
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Fig. 1. Distribution and diversity of freshwater fishes in Oman. (a) Geographic occurrence of five species across the Oman’s wadi
network; (b) sampling locations across seven wadis in Hajar Mountains, Oman; and (c) morphological characteristics of studied

species.

Sampling procedure

The study covered multiple species, each found in different
water bodies across the Hajar mountain region. The method
employed for capturing fish samples involved the utilization of
foldable shrimp and crab fishing traps (with a mesh size of 3 x
3 mm, comprising 4 nets left in the watercourse for a standard-
ized duration of 5 h; Supplementary Fig. S1 and S2) (Al Jufaili et
al., 2021; Bidaye et al., 2023; Giglii et al., 2021, 2024; Masoumi

https://doi.org/10.47853/FAS.2025.e37

et al,, 2023). The sampling equipment chosen is effective in a lo-
cation where fish could enter traps but not exit. The fish species
identified within the sampling sites included 3 endemic fish spe-
cies Aphaniops kruppi (Freyhof et al., 2017), Garra longipinnis
(Banister & Clarke, 1977), and Garra shamal (Kirchner et al.,
2020). Moreover, 2 native fish species C. muscatense (Boulenger,
1888), and Aphaniops stoliczkanus (Day, 1872) (Esmaeili et al.,
2022; Freyhof et al., 2021) were also identified in the sampling
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sites (Fig. 1). The collected specimens were preserved in a 70%
alcohol solution. A digital caliper (INSIZE Caliper 300 MM,
INSIZE, Suzhou, China) with an accuracy of 0.01 mm was used
to measure the total length (TL) (Giiglii et al., 2024; Masoumi
et al., 2023) from the front of the snout to the upper lobe of the
caudal fin (Carlander & Smith Jr, 1945). The specimens were
subjected to a weighing procedure with a precision of 0.01 g
(total weight, TW) using a digital electronic balance (Precisa PB
320M Analytical Laboratory Balance, Precisa, Dietikon, Swit-
zerland).

Length-weight relationship

The relationship parameters between the length and weight
were estimated by using the power function formula: W = aL’,
where W is the total weight, L is the length, a is the intercept,
and b is the slope of the log-transformed data (Froese, 2006;
Gliglii et al., 2024). The strength of the relationship between the
length and weight variables was quantified using the coefficient
of determination, R*. Moreover, the 95% confidence intervals of
a and b were estimated (Morey et al., 2003). Before conducting
the regression analysis, log-log plots of length and weight val-
ues were used to visually identify outliers (Al Jufaili et al., 2021;
Froese, 2006). The statistical significance of the length-weight
relationships for the fish species was evaluated using analysis of
variance (ANOVA). To determine whether the b-value (slope)
significantly deviates from the expected cube value of 3, Bailey’s
t-test formula (¢ = [b - 3] / S,) was used, where b is the slope
(b-value) obtained from the linear regression and Sb is the stan-
dard error of the slope (p = 0.05; Morey et al., 2003). The expo-
nent b indicates growth patterns: b = 3 for isometric growth, b
> 3 for positive allometric growth, and b < 3 for negative allo-
metric growth (Morey et al., 2003). Isometric growth is when
weight increases directly with length. Values of b greater than
3 indicate disproportionately heavier bodies (relative to length)
and values less than 3 indicate slimmer bodies (Tesch, 1978).

Condition factors

Fulton et al. (1911), Tesch (1978), and Le Cren (1951) equations
were used to estimate Fulton’s condition factor Kc = 100 x W/
L’, allometric condition factor Ka = 100 x W/L", and relative
condition factor Kn = W/aL’, respectively. In the equations, a is
the intercept, b is the regression coeflicient, L is the total length,
and W is the total weight. A Kc evaluates the general health,
growth, and reproduction of a fish (Froese, 2006; Jisr et al.,
2018). Ka determines if a fish's growth is isometric or allometric
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(Froese, 2006). Le Cren (1951) introduced the Kn as a way to
compare a fish's observed weight with its expected weight based
on the length-weight relationship. A value of 1 for Kn indicates
average condition. For statistical analysis and graph plotting,
Microsoft Excel and Origin Pro OriginLab were used.

Results and Discussion

The understanding of the LWRs and condition factors of these
native species is crucial for their conservation and management.
A comprehensive analysis of LWRs and condition factors for
these species is presented in this study, which provides baseline
information for freshwater fishes in the Hajar Mountain region
of Oman that has been lacking previously. A total of 1,896 fish
specimens were analyzed for this study obtained from seven
wadis located in the Hajar Mountain ecoregion representing
five inland fish species A. kruppi, A. stoliczkauns, C. muscat-
ense, G. longipinnis, and G. shamal. A. stoliczkanus is the most
common species found in all locations except for AW. A. kruppi
and G. longipinnis were only found in AW. Freyhof et al. (2017)
and Zarei et al. (2023) documented a sympatric spread of A.
stoliczkanus and A. kruppi mitochondrial haplotypes at WF
and WS. These findings indicate significant interconnection
and potential introgressive hybridization within Aphaniops
spp. populations/species in Northern Oman (Zarei et al., 2023).
Thus, Aphaniops spp. is recognized as the species at WS, WE
and WAK, located upstream, midstream, and downstream of
the main watercourse, respectively. C. muscatense were found
in AW, WAA, WAK, and WS. G. shamal was restricted to WAA.
These species have varying distributions due to factors such
as natural barriers, water quality, hydrological factors, habitat
characteristics, competition and predation, anthropogenic fac-
tors (Jackson et al., 2001), and climate change (Al Adhoobi et
al,, 2023). Species with low numbers were not included in the
analysis regardless of their location.

Length-weight relationship and growth type

Sample sizes varied across species and locations, ranging from
59 to 402 individual fish, indicating a reasonably robust dataset
for analysis (R* = 0.906; Table 1 and Fig. 2). The LWR param-
eters, represented by coeflicients a and b and their 95% confi-
dence interval (CI), the coefficient of determination (R*), and
the growth type were calculated for each species and location
(Table 1). Significant LWRs were observed across all species
(p < 0.001). The range of values for b extended from 2.833 to
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Fig. 2. Length-weight relationships of five freshwater fish species (combined sex) collected from different wadis in the Hajar
Mountain, Oman. (A) Ain Wadhah (AW); (B) Wadi Al Amirat (WAA); (C) Wadi Al Khoud (WAK); (D) Wadi Aday (WA); (E) Wadi Surur (WS);
(F) Wadi Darsait (WD); (G) Wadi Fanja (WF).

3.357, falling within the anticipated range of 2.5 to 3.5 (Froese,
2006). Freshwater fish species in (Fig. 2) show a positive length-

ley’s t-test illustrated that b-values significantly deviated from
3, except for C. muscatense located in WS, potentially due to

weight correlation with varying strength indicated by different  constraints in sample size, ontogenetic changes (Froese, 2006),

R’ values (Froese, 2006). The above values are centered on the reproductive status (Cone, 1989), environmental conditions,
collective genders of the studied fish species. genetic factors, and sampling bias (Froese, 2006; Ragheb, 2023).

These parameters provide insights into the relationship ~ Variability within species persists across different locations (Fa-
between the length and weight of the fish. Higher R® values sug-  moofo & Abdul, 2020). Regression equations by Ricker (1973)

gest a better fit of the model to the data (Jisr et al., 2018). Bai-  predict weight from length for each species, crucial for growth
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patterns, biomass estimation, and population dynamics in the
Hajar Mountain region (Hilborn & Walters, 2013). These rela-
tionships reflect diverse environmental impacts on fish growth
in sampled wadis (Beverton & Holt, 2012).

The b-value of the LWR among various fish species in the
Hajar Mountain region of Oman in TL, as documented in (Table
1) displays notable variations compared to the findings present-
ed by Al Jufaili (2021). Within the species A. stoliczkanus, the
b-values listed in the table span from 3.104 to 3.352 for males
and 3.282 to 3.419 for females at different locations, diverging
from the values of 2.882 for males and 4.150 for females as
outlined by Al Jufaili (2021). Similarly, for A. kruppi, the table
illustrates b-values ranging from 3.790 for males and 3.177 for
females, contrasting with the values of 2.811 for males and 2.985
for females reported by Al Jufaili (2021). Furthermore, the table
indicates a b-value of 3.211 for G. longipinnis, which closely
aligns with the value of 3.104 documented by Al Jufaili (2021).
Conversely, the b-values for C. muscatense vary from 3.104 to
3.342 in the table, deviating from the value of 2.974 presented
by Al Jufaili (2021).

The study tested the hypothesis that a b-value of 3 rep-
resents isometric growth (I), with length and weight increasing
proportionally. When b is above 3, it indicates positive allometry
(+), showing weight increases faster than length. Contrariwise,
it b is below 3, it suggests negative allometry (-), where weight
increases slower than length. The analysis of the differences in
LWRs among species revealed the following outcomes: A. krup-
piat AW, G. longipinnis at AW, and A. stoliczkanus at WA, WAA,
and WD exhibited positive allometric growth (b > 3), suggest-
ing that these species tend to become relatively heavier as they
increase in length. This phenomenon could be attributed to
alterations in body shape, augmented reproductive organs, or
the accumulation of energy reserves (Hossain & Sultana, 2014).
Furthermore, G. shamal at WAA displayed isometric growth
(b = 3), indicating a proportional augmentation in both length
and weight, which is a common characteristic in numerous fish
species (Froese, 2006). The mix growth patterns of isometric
and positive allometric growth in C. muscatense and Aphaniops
spp. might be influenced by a variety of factors such as habitat,
feeding behaviors, or reproductive strategies. Generally, the
differences observed in LWRs among various fish species can
be attributed to a multitude of factors, such as dissimilarities in
research sites, environmental factors, food availability, disease,
and competition (Al Jufaili et al., 2021; le Cren, 1951; Tesch,
1978). The complex interplay of these variables may lead to dis-
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crepancies in the determined LWRs. These findings illuminate
the diverse growth patterns manifested by fish species within
the Hajar Mountain region, emphasizing the significance of in-
corporating ecological components into the comprehension of
their growth dynamics (Froese, 2006).

Condition factors

Table 2 presents Kc, Ka, and Kn for the fish species delineated
in Table 1, this data illustrates the range and mean values of
each factor across various species, sexes, and locations, thereby
enabling comparative analyses. Figs. 3 and 4 graphically depicts
the condition factors across different sites, sexes, and species,
aiding in the detection of noteworthy findings.

Fulton’s condition factor (Kc)

Kc is used to assess fish species’ well-beingness, even with allo-
metric growth and b # 3 (Ragheb, 2023). The mean Kc values
exhibit significant variations among the fish species, sites, and
sexes, with a range from approximately 0.902 + 0.085 to 1.889
+ 0.288. The most elevated Kc values across diverse fish species
manifest in A. stoliczkanus at WAA (combined: 1.889 + 0.288;
females: 1.901 * 0.299, males: 1.8513 + 0.245), Aphaniops spp.
at WF (combined: 1.766 + 0.174; females: 1.786 + 0.171, males:
1.682 + 0.165), A. kruppi at AW (combined 1.559 + 0.138;
males: 1.570 + 0.147, females: 1.554 + 0.135), and G. shamal
at WAA (1.299 + 0.167). These values suggest these species
are in superior physical condition, possibly due to factors like
food availability, reproductive status, or environmental con-
ditions. (Froese, 2006). Moreover, across various locations,
A. stoliczkanus generally showed higher average Kc values,
suggesting better condition compared to other species. On the
other hand, C. muscatense and G. longipinnis displayed lower
Kc values compared to the other species. The average Kc values
for C. muscatense were less than 1.0 at locations AW, WAA, and
WAK: 0.902 + 0.085, 0.941 + 0.111, and 0.963 + 0.141, respec-
tively.

Allometric condition factor (Ka)

The Ka values indicate the growth pattern observed in the
length-weight relationships. The highest mean Ka value, 2.124
* 0.556, was recorded for C. muscatense at WS, as illustrated
in Table 2 and Fig. 3. This particular outlier requires further
investigation to determine its origin, whether from measure-
ment errors or unique environmental conditions at that specific
location. Nevertheless, this data implies a superior state of
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Table 2. Condition factors for five fish species found in different water bodies in Hajar Mountain, Oman

Mean Kc = SD

Allometric CF (Ka)

Range

Mean Ka + SD

Relative CF (Kn)

Range

Mean Kn + SD

Site Name Species Name  Sex N Fulton’s CF (Kc)
Range

Ain Wadhah A. kruppi C 135  1.0868-1.8595
M 37 1.2836-1.8595

F 98 1.0868-1.8322

C muscatense  C 92 0.7278-1.1235

G. longipinnis ~ C 97 0.8148-1.4758

Wadi Aday A. stoliczkanus ~ C 191 1.2216-2.2219
M 38 1.2217-2.2041

F 153 1.3379-2.2219

Wadi Al Amirat A stoliczkanus ~ C 402 0.9446-3.1645
M 95 1.2375-2.5333

F 307  0.9446-3.1645

C muscatense  C 72 0.7431-1.2181

G. shamal C 59 0.9027-1.9315

Wadi AlKhoud  Aphaniops spp. C 181  0.7980-2.0961
M 59 1.0035-2.0961

F 122 0.4664-2.0947

C muscatense  C 128  0.6574-1.6260

Wadi Darsait A. stoliczkanus ~ C 196 1.0322-2.3151
M 42 1.0793-2.1687

F 154 1.0323-23151

Wadi Fanja Aphaniops spp. C 133 1.3451-2.3733
M 31 1.3451-2.0193

F 102 1.4900-2.3733

Wadi Surur Aphaniops spp. C 150  1.2767-2.1122
M 64 1.4353-2.0070

F 86 1.2767-2.1122

C muscatense  C 60 0.8113-3.8422

1.5585+0.1380
1.5699 +£0.1471
1.5542 +£0.1350
0.9016 £ 0.0852
1.0571£0.1422
1.7692 +0.1851
1.7653 £0.2215
1.7702 £0.1757
1.8894 +0.2878
1.8513 £0.2445
1.9012 +0.2995
0.9408 +0.1109
1.2989 +0.1668
1.5450 £0.1769
15619+ 0.1786
1.5263 £ 0.2046
0.9630 +0.1407
1.6570 £ 0.2805
1.7498 +0.2527
1.6317 £0.2832
1.7657 £0.1738
16815 +0.1649
1.7856 +£0.1705
1.6785 +0.1646
1.6774+0.1384
16793 £0.1825
1.1094 +£0.3797

0.8234-1.2672
0.4378-0.6194
0.9072-1.4414
0.6154-0.9130
0.5917-0.9889
0.9109-1.4655
0.8658-1.3233
0.9919-1.4965
0.6576-1.9882
1.0709-2.2003
0.6124-1.8183
0.3416-0.5735
0.8377-1.8187
0.7031-1.8117
1.4279-2.8308
0.3172-1.3582
0.4949-1.1701
0.7117-1.6337
0.8762-1.6726
0.7282-1.6152
1.1210-2.0545
1.0524-1.5514
1.1163-1.9137
1.0096-1.5260
1.2770-1.8163
0.9169-1.3553
1.4029-5.6320

1.0778 £0.0932
0.5503 £0.0412
1.2200 £0.1057
0.7593 £ 0.0652
0.7616 + 0.0866
1.2047 £0.1119
1.1322+£0.1252
1.2272£0.1082
1.2058 £0.1759
1.5953£0.2109
1.1145+0.1645
04250 +0.0478
1.2109£0.1556
1.3414£0.1525
2.0901 +0.2343
1.0032£0.1311
0.6894 +0.0973
1.0765 +0.1467
1.2947 +0.1848
1.0578 £0.1421
14769 +0.1443
1.3116 £0.1248
1.3717 £0.1304
1.2253£0.1129
1.5035+£0.1229
1.0778 £0.1043
2.1241 £ 0.5558

0.7695-1.1843
0.7960-1.1262
0.7436-1.1815
0.8097-1.2014
0.7786-1.3012
0.7655-1.2317
0.7662-1.1711
0.8130-1.2266
0.5526-1.6708
0.6778-1.3926
0.5568-1.6530
0.8759-1.4704
0.6981-1.5156
0.5311-1.3684
0.6832-1.3545
0.3204-1.3719
0.7278-1.7207
0.6652-1.5268
0.6845-1.3067
0.6935-1.5383
0.7621-1.3967
0.8058-1.1879
0.8142-1.3958
0.8276-1.2508
0.8519-1.2117
0.8569-1.2666
0.6614-2.6554

1.0073 £0.0871
1.0006 +0.0749
1.0000 + 0.0866
0.9991 £ 0.0858
1.0020 +£0.1140
1.0125 +0.0941
1.0020+0.1108
1.0059 +0.0887
1.0133£0.1479
1.0097 £0.1334
1.0131£0.1495
1.0896 +0.1225
1.0091 £ 0.1297
1.0131£0.1152
1.0001 +£0.1121
1.0133+£0.1324
1.0139£0.1432
1.0060 +0.1371
1.0115+£0.1444
1.0074 £0.1354
1.0040 +0.0981
1.0043 +£0.0956
1.0005 +0.0951
1.0043 +£0.0925
1.0030 +£0.0820
1.0073 £0.0974
1.0015 +0.2621

Kc range and mean; Ka range and mean, Kn range and mean.

CF, condition factor; C, combined sex; M, male; F, female; N, sample size; C. muscatense, Cyprinion muscatense; G. longipinnis, Garra longipinnis; A. stoliczkanus, Aphaniops stoliczkanus; G.

shamal, Garra shamal.

well-being for this species at the mentioned site, based on the
allometric condition factor. Species displaying positive allome-
tric growth, such as A. kruppi and A. stoliczkanus, exhibit higher
Ka values, while C. muscatense presents lower Ka values. This
species had the lowest mean Ka value, 0.425 £ 0.048 at WAA,
indicating a relatively lower condition at this site. Aphaniops
spp. generally displayed higher mean Ka values across sites, for
example, 1.477 + 0.144 at WF and 1.341 + 0.153 at WAK, sug-
gesting a better condition based on the allometric factor com-
pared to other species.

Table 2 and Fig. 4 displayed a significant sexual differenti-
ation in Aphaniops spp. at WAK (males: 2.090 * 0.234, females:
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1.003 + 0.131), possibly due to sex-based differences in habitat
use or sex-specific feeding strategies. Moreover, A. Kruppi
presented inverted patterns (males: 0.550 + 0.041, females:
1.220 £ 0.106), indicating that energy allocation strategies dif-
fer between species (Froese, 2006; Mainero et al., 2023). These
variability in Ka values suggests differences in the length-weight
relationships and growth strategies among the fish species, at-
tributable to variations in environmental conditions like water
quality, temperature, and flow regime (Froese, 2006). Further-
more, factors such as food availability, habitat complexity, and
resource competition can impact the condition and growth pat-
terns of fish (Mainero et al., 2023). Biological aspects including
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Fig. 3. Comparison of condition factors across seven wadis in the Hajar Mountains, Oman. Kc, Ka, and Kn for five fish species
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Fig. 4. Comparison of condition factors across seven wadis in the Hajar Mountains, Oman. Kc, Ka, and Kn condition factors for M
and F Aphaniops species. Kc, Fulton’s condition factor; Ka, allometric condition factor; Kn, relative condition factor; M, male; F, female;
AW, Ain Wadhah; WA, Wadi Aday; WAA, Wadi Al Amirat; WAK, Wadi Al Khoud; WD, Wadi Darsait; WF, Wadi Fanja; WS, Wadi Surur.

reproductive status, age distribution, and genetic diversity with-
in populations could also contribute to the observed variations
in Ka values (Cone, 1989).
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Relative condition factor (Kn)

Mean Relative Condition Factor values typically cluster around
1, which is common for healthy fish populations (Kim et al.,
2023; Le Cren, 1951), showing remarkable consistency between
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genders for females and males. Certain species like C. muscat-
ense at WAA with a mean Kn of 1.090 + 0.123 show deviations
with a slightly higher condition compared to the population
average. Instead, the lowest mean Kn value of 0.999 + 0.086 was
observed for C. muscatense at AW, indicating a relatively lower
condition compared to the overall population.

This variability in Kn, especially in C. muscatense, suggests
potential differences in nutritional status or habitat conditions
across study sites (Jisr et al., 2018; le Cren, 1951). Largely, most
species at different sites showed mean Kn values close to 1,
suggesting similar conditions to the overall population. Kc typi-
cally exhibits elevated values when compared to the Ka and Kn,
suggesting a potential tendency to overestimate the condition
of fish populations. According to Froese (2006), Fulton’s condi-
tion factor assumes isometric growth, where length and weight
increase proportionally, a scenario often not reflected in reality.
Consequently, Kc may overstate the condition, particularly for
larger or older individuals characterized by slower weight gain
relative to their length. Conversely, the allometric condition
factor (Ka) and relative condition factor (Kn) consider the allo-
metric growth pattern, where weight increases at a different rate
than length, and assess the individual’s condition against a ref-
erence population, respectively. These indices are deemed more
precise in evaluating the condition of fish populations. Fur-
thermore, the decrease in condition factors at the beginning of
spawning in freshwater fish in Oman may be due to high meta-
bolic rates (Lizama & Ambrosio, 2002). Variations in condition
factors of C. muscatense and G. longipinnis may align with this
reasoning (Table 2 and Fig. 3). Spawning periods of freshwater
fish in Oman lack thorough documentation. However, freshwa-
ter fish near Oman, like those in Iran, typically spawn during
spring (Mostafavi et al., 2021). Thus, using all three condition
factors together gives a comprehensive evaluation of fish health,
growth patterns, and environmental influences. Interpretation
of condition indices should also include factors like reproduc-
tive cycle, and feeding behavior.

Conclusion

In conclusion, this study offers important insights into LWRs
and condition factors by updating the information for five
native fish species across seven wadis in the Hajar Mountain,
1,896 specimens were analyzed, and significant differences were
identified between species, locations, and sexes. Based on LWR
analysis, most species exhibit either positive allometric or iso-
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metric growth. These variations in growth patterns are probably
influenced by local environmental conditions, food availability,
and habitat characteristics. There were three conditions factors
investigated (Fultons, allometric, and relative) for different fish
species, locations, and sexes. The highest Fulton’s values were
found on A. stoliczkanus, while the lowest values were found on
C. muscatense. Allometric factors varied by gender, with notable
differences among Aphaniops spp. and A. kruppi. There was a
healthy relative condition factor of 1.0 for most species, indicat-
ing normal population health. Both measures are foundational
tools for evaluating fish populations and anticipating future
changes in the environment. In the absence of this understand-
ing, it is difficult to detect fish population declines. To ensure
the health and growth of freshwater fish populations, it is essen-
tial to recognize site-specific ecological and biological factors.
Further research for extended periods and sites is required to
explore differences in condition factors among sites and spe-
cies, contributing to more informed management strategies for
freshwater ecosystems. Moreover, to improve the management
of freshwater ecosystems we suggest conducting regular moni-
toring and creating protected areas at locations showing optimal
fish conditions.
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