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 8 
Abstract: Understanding the reproductive patterns and strategies of a species is an important step in establishing 9 
the species’ life history. Campostoma oligolepis, the Largescale Stoneroller, is a species that has received little 10 
attention in the 90 years since it was first identified, and the work that has been done has been localized in the 11 
American Midwest. Collections of C. oligolepis were made monthly from the Flint River in Madison County in 12 
northern Alabama, USA, from March, 2014, to September, 2015. A total of 768 fish were collected over the 13 
collection period including 492 adults, 268 females and 224 males. We found strong evidence that the peak 14 
spawning time for C. oligolepis in the Flint River is March and April. Ovarian maturation, gonadosomatic index 15 
for both sexes, and monthly clutch size all support this conclusion. Two unexpected features were found. The 16 
first is how few females of mature size were found to carry either oocytes or a clutch except in the peak observed 17 
reproductive month of April, 2014. The second unusual feature is the prevalence of asymmetric ovaries, with 18 
the left the larger if a difference exists. Campostoma oligolepis may have unusually strong inter-annual responses 19 
to abiotic factors such as water temperature and river discharge. 20 

 21 
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 23 

1. Introduction 24 

Understanding the reproductive patterns and strategies of a species is an important step in 25 
establishing the species’ life history. Campostoma oligolepis, the Largescale Stoneroller, is a species that 26 
has received little attention in the 90 years since it was first identified, and the work that has been 27 
done has been localized in the American Midwest. Very little is known about this species’ 28 
reproductive season or strategies, and what information that can be found on the topic is conflicting 29 
and often inferred from what is known about other species within the genus Campostoma. This 30 
research takes a closer look at C. oligolepis in the Southeastern United States to establish a clear 31 
understanding of its reproductive timing. 32 

Campostoma oligolepis inhabits clear running rivers and streams with substrates of cobble and 33 
gravel. Adults prefer fast riffles or moderately deep riffle runs and have a very low silt tolerance, 34 
while juveniles frequently favor slower currents over sand and silt [1]. Campostoma itself is Latin for 35 
“curved mouth” stemming from their prominently curved jaws that allow them to more easily scrape 36 
algae and detritus material off the benthic substrate with their cartilaginous lower jaws [2, 3]. 37 

There is little if any consensus on the reproductive schedule of C. oligolepis. They are reported 38 
to spawn from early April to June by some sources [1, 2], and March through April by others [4], but 39 
there are no peer-reviewed, published data to support that claim. In fact, the only published paper 40 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 28 May 2018                   doi:10.20944/preprints201805.0388.v1

©  2018 by the author(s). Distributed under a Creative Commons CC BY license.

http://dx.doi.org/10.20944/preprints201805.0388.v1
http://creativecommons.org/licenses/by/4.0/


 

 

focused on C. oligolepis reproduction found them to be reproductively active from January through 41 
May contrary to all other claims [5]. However, their study was intended to identify reproductive 42 
differences in C. oligolepis between urban and rural streams, and it neglected to collect specimens 43 
during 4 months of the calendar year based on the claim in [2] that they are only reproductively active 44 
from April to June. It does, however, further emphasize the general disagreement on when C. 45 
oligolepis is reproductively active.    46 

What we do know about C. oligolepis reproduction is largely based on what is known to be 47 
true of all Campostoma species. During breeding season, males dredge out spawning pits in shallow 48 
water with gravel substrate. This is done by shuffling stones with their mouths or heads, earning 49 
them the name “stonerollers.” A small numbers of males grow larger in size and more colorful and 50 
monopolize ova fertilization. These large males guard their spawning pits which may be as large as 51 
30 cm deep. Growing larger than other males and guarding spawning pits requires a large investment 52 
of energy but is rewarded with greater reproductive success. Other males conserve their energy by 53 
not growing as large and through sneaky mating behavior in which smaller males attempt to fertilize 54 
ova in another male’s guarded territory [6]. Multiple females may visit a pit and spawn with the 55 
male(s) guarding it, and males may create several spawning pits in a breeding season.  56 

Like most teleost species, once spawning is complete, the nest is left unattended and no 57 
parental care is provided to the fry upon hatching. Campostoma anomalum has been known to compete 58 
for reproductive sites with rainbow trout and creek chub, often destroying the other species’ nests in 59 
order to make their own [6]. The spawning area created by Campostoma males, with clean, upturned 60 
gravel, creates an ideal area for many other species to spawn. In this way, Campostoma contributes to 61 
the maintenance of many other fishes in its ecosystem [2, 3, 7]. 62 

The closely related C. anomalum has a peak reproductive season from early April to mid-June 63 
with water temperatures from 12 to 14 ˚C. Females deposit 200–2500 eggs during breeding season [2].  64 
A study in Pennsylvania found that mature C.a. pullum eggs measured around 2.0 mm, and hatching 65 
occurred approximately 69–72 hours after fertilization with newly emergent larvae measuring an 66 
average of 5.7 mm in standard length [8]. Young are estimated to reach sexual maturity in their first 67 
year while reaching lengths of 35 to 65 mm [2]. 68 

Campostoma oligolepis is abundant where found and presumably important to riverine 69 
community ecology. Our study population is from the Flint River in the Tennessee River drainage of 70 
north Alabama. Establishing reproductive timing and production is an essential step in 71 
understanding the life history of a species. In particular we are interested in establishing the months 72 
with peak gonadal maturation, clutch size in females, and the size of oocytes at different 73 
developmental stages. Does the reproductive biology of C. oligolepis match what is known of its 74 
congener C. anomalum? And do peak reproductive months match what has been suggested in books 75 
reviewing the fishes of a given state? The authors in [2] suggest April through June for Tennessee, 76 
while others in [9] say that tuberculate males are seen mostly in April in Alabama. River temperature 77 
likely plays a role in determining the onset of spawning. Average river discharge was also calculated 78 
for collection days based on a U.S. Geological Survey monitoring station downstream from the 79 
collection site. Early in this research we noticed what seemed to be an unusual feature for a North 80 
American cyprinid, in that many females had markedly larger left compared to right ovaries. So we 81 
also collected data to establish whether or not such ovarian size difference is a consistent feature in 82 
this species. 83 
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2. Results 84 

In some months two collections were made if a first collection yielded too few fish. A total of 768 85 
fish were collected over the collection period of 19 months including 492 adults, 268 females and 224 86 
males. Water temperature varied from 4.3 °C in December to 29.9 °C in June. River discharge varied 87 
from 110 ft3/sec in September to 1060 ft3/sec in December (Table 1). Flood events can cause much 88 
higher river discharge, but experience has shown that safe collection can only be done below about 89 
1000 ft3/sec. 90 

 91 
Table 1 Water temperature and river discharge in cubic feet per second on fish collection dates. Water 92 
temperature was measured during fish collections. River discharge is a daily average of hourly 93 
measurements from a U.S. Geological Survey monitoring station downstream of collection site, and 94 
is reported as ft3/s because that is how the U.S. Geological Survey reports river discharge. 95 
 96 
Date   Temp (˚C) Water Discharge (ft3/s)   97 
2014 98 
March 11   15.8   465   99 
April13   20.7   589   100 
April 18   15.4   632   101 
May 9   21.1   409   102 
June 20   29.9   334   103 
July 3   23.9   258   104 
August 12  23.9   178   105 
September 19  24.1   120   106 
September 27  21.3   110   107 
October 12  21.5   404   108 
October 26  18.0   199   109 
November 8  14.8   241   110 
December 14  4.3   298   111 
December 31  8.7   1060   112 
2015 113 
January 17  9.6   854   114 
February 7  10.6   486   115 
March 21   15.5   917   116 
April 24   17.8   844   117 
May 4   19.2   427   118 
May 10   23.4   316   119 
June 19   28.3   183   120 
July 17   27.0   190   121 
August 16  27.6   142   122 
September 27  21.7   135   123 
 124 
 Monthly ovarian maturation is shown in Figure 1. Few stage 4 ovaries were found, almost 125 
exclusively in March and April of both years. Almost all of the stage 3 ovaries were found in 126 
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December and January, but no stage 3 ovaries were found in February which was restricted to stage 127 
1 ovaries. Stage 2 ovaries were found from September through January. Ovaries examined from May 128 
through September were nearly exclusively stage 1. 129 
 130 
Figure 1 Monthly stages of ovarian maturation. 131 
 132 

 133 
 GSI as a measure of reproductive status of both sexes indicates March and April in both years as 134 
peak reproductive months, but peak values did not always co-occur for both sexes (Figure 2A for 135 
females, and 2B for males). The peak GSI for both sexes in 2014 is clearly in April. For 2015 peak 136 
female GSI is in March, with a sharp drop off in April, and male GSI is elevated in both March and 137 
April. An unusual finding is that both sexes show a moderate increase in GSI values for November, 138 
December and January with very low values in February before rising in March. 139 
Figure 2A. Average monthly GSI for females. Error bars are one standard error. 140 
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Figure 2B. Average monthly GSI for males. Error bars are one standard error. 142 

 143 
 144 

Monthly averages of total oocytes show the same patterns as GSI (Table 2). April, 2014, has 145 
by far the largest observed average number of total oocytes at 13,733 along with largest GSI. But the 146 
block of three winter months with elevated GSI, November through January, averaged between 6,380 147 
and 7,432 total oocytes. No oocytes were found in the five females examined in February, followed 148 
by a GSI spike in March with an average of 2,293 oocytes per females and both values dropping 149 
steeply in April. Also unusual is the finding that in months with elevated oocyte and GSI values, 150 
some females were found with no oocytes. Five of 25 females examined in April, 2014, had no oocytes, 151 
and seven of 11 females examined in March, 2015, had no oocytes. The presence of females with no 152 
oocytes is also found in November through January. The presence of significant numbers of stage III 153 
and IV oocytes, those ready or nearly ready for deposition, is restricted to March through May of 154 
both years. In the months of November through January with elevated oocyte counts the strong 155 
majority of oocytes were stage I. 156 
 157 
Table 2 Monthly averages of oocytes per female by both stage and total of all stages are shown. The 158 
total number of females examined each monthly is reported, along with how many of those females 159 
were found to be carrying stage I or later oocytes. 160 
 161 
   Stages      Total  Females with 162 
Month  I  II  III  IV Oocytes  oocytes   Total Females 163 
2014        164 
March  0  519  525  15 1059   1    1 165 
April  435  2004  10691 603 13733  20    25 166 
May   14  98  147  14 273   4    8 167 
June   0  0  0  0 0   0    11 168 
July   0  0  0  0 0   0    5 169 
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August  0  0  0  0 0   0    16 170 
September 14  0  0  0 14   1    6 171 
October  161  0  0  0 161   1    4 172 
November 5019  1522  0  0 6541   7    10 173 
December 3965  2398  17  0 6380   4    9 174 
2015        175 
January  4276  3149  7  0 7432   8    17 176 
February  0  0  0  0 0   0    5 177 
March  331  706  1186  170 2393   4    11 178 
April  4  15  159  23 201   1    15 179 
May   70  131  431  19 650   10    30 180 
June   0  0  0  0 0   0    49 181 
July   0  0  0  0 0   0    9 182 
August  0  0  0  0 0   0    22 183 
September 0  0  0  0 0   0    14 184 
 185 

Monthly clutch sizes are shown in Table 3. Almost all females carrying a clutch were found 186 
in March, April or May, with the exception of a single fish in December. March and April of both 187 
years are the peak clutch months with monthly averages of 182–594 and total counts of 6–1359. Only 188 
in April, 2014, did a majority of examined females carry a clutch. 189 
 190 
Table 3 Monthly clutch sizes, the number of stage III plus stage IV oocytes found in a stage 3 or 4 191 
ovary. Number of adult females found carrying a clutch is in parentheses in the Range column.  192 
 193 
Month  Monthly Average  Range   Total Adult Females  194 
2014 195 
March  540     540 (1)  1  196 
April  594     22–1359 (19) 25  197 
May   40     6–60  (4)  8  198 
December 17     17 (1)  9  199 
2015 200 
March   339     16–608 (4) 12  201 
April  182     182 (1)  15  202 
May   68     1—50 (9)  30  203 
 204 
 205 

Average oocyte diameters were in general largest in March and April both years (Table 4). 206 
The mean diameters from both years combined ranged from 0.57 mm for stage 1 to 1.67 mm for stage 207 
4. There was very little size overlap between different stages. 208 
 209 
 210 
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Table 4 Oocyte Diameters (mm) by stage. Three oocytes from all stages present in a female were 211 
measured and averaged, and those averages from all females in a month were used to compute 212 
averages for each stage. A notation of n.a. indicates a stage was not present in that month. 213 
    214 
Month  Stage I  Stage II  Stage III  Stage IV  215 
2014 216 
March  n.a.  0.91  1.42   1.78 217 
April  0.70  1.03  1.68   1.88 218 
May   0.61  1.01  1.37   1.65 219 
September 0.41  n.a.  n.a.   n.a.  220 
October  0.40  n.a.  n.a.   n.a.  221 
November 0.51  0.70  n.a.   n.a. 222 
December 0.61  0.92  1.26   n.a. 223 
2015 224 
January  0.57  0.77  1.04   n.a. 225 
March  0.58  0.91  1.40   1.48 226 
April  0.66  1.15  1.61   1.71 227 
May   0.68  1.04  1.39   1.52 228 
Mean  0.57  0.94  1.40   1.67 229 

 230 
A paired t-test was used to test the hypothesis that the left ovaries of examined fish contained 231 

significantly more oocytes than the right ovaries (Table 5). This test yielded p = 0.048, supporting the 232 
hypothesis that the left ovary contains more oocytes. 233 
 234 
Table 5 Monthly average of total oocytes in the left and right ovaries. A paired t-test was used to test 235 
for differences between total oocytes in the left and right ovaries over nine months when oocytes 236 
were present. This test reported p = 0.048, supporting a finding of significantly more oocytes in the 237 
left ovary. 238 
  239 
Month  Left  Right 240 
2014 241 
March  777  282 242 
April  4313  3359 243 
October  63  98 244 
November 3851  2690 245 
December 3078  3302 246 
2015 247 
January  2981  2335 248 
March  1020  772 249 
April  106  95 250 
May   337  264 251 
 252 
 253 
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3. Discussion 254 

We found strong evidence that the peak spawning time for C. oligolepis in the Flint River is March 255 
and April, with observed river temperatures of 15.4–20.7 °C and river discharge between 465 and 917 256 
ft3/s. Ovarian maturation, GSI for both sexes, and monthly clutch size all support this conclusion. This 257 
also supports statements based on field observations of physical condition [4, 9]. 258 
 Two unusual and unexpected features were found in our population of C. oligolepis. The first is 259 
how few females of mature size were found to carry either oocytes or a clutch except for the peak 260 
observed reproductive month of April, 2014. This is markedly different from other cyprinids 261 
examined from the Flint River such as Erimystax insignis [10], Notropis photogenis [11], or Lythrurus 262 
fasciolaris [12]. We offer two possible explanations: adult females simply do not all enter oogenesis in 263 
a given season, or alternatively that they can be spawned out early for a season without further 264 
oogenesis, The first explanation is supported since we found that about half of all females in the 265 
November – January period carried no oocytes at a time when all would be expected to carry 266 
maturing early stage oocytes for the spring spawning season. The second explanation seems unlikely 267 
since cyprinids in the southeastern region of the United States are iteroparous within a spawning 268 
season. 269 
 The second unusual feature is asymmetric ovaries, with the left the larger if a difference exists. 270 
We are aware of few similar observations in teleost fishes. For example, Kobelkowsky [13] examined 271 
90 Mexican teleost species and found only one, the anchovy Anchoa mitchilli, with the right ovary 272 
smaller while the larger left ovary grows below the intestines similar to C. oligolepis. We found that 273 
the left ovary in C. oligolepis wrapped around the large intestinal mass typical of the species often in 274 
several loops. We do not know why this may be, and why is it invariably the left ovary that is 275 
expanded, but offer the suggestion that it may be easier to pack one very large ovary into the crowded 276 
abdomen rather than two large ovaries. To our knowledge this has not been observed in other 277 
Campostoma species. 278 
 The reproductive effort and timing of Campostoma anomalum can be more variable than simply 279 
large males building and guarding pits over which they spawn. The species may show facultative 280 
reproductive behavior at nests constructed by Nocomis leptocephalus, the Bluehead Chub [14]. Other 281 
stream minnow species are obligate communal nest spawners but C. anomalum may only spawn over 282 
N. leptocephalus nests in years in which stream temperatures are slow to rise. In southwestern Virginia, 283 
C. anomalum can begin spawning at 10.8 °C while N. leptocephalus spawns at 13–15 °C. Campostoma 284 
anomalum were observed to spawn over their own nests several weeks ahead of the construction of 285 
N. leptocephalus nests in a stream [14]. But C. anomalum males were observed to dig deep trenches in 286 
N. leptocephalus nests with no evidence of spawning in them that year. Whether or not this is typical 287 
the authors could not really say. Whether C. oligolepis has any tendency toward facultative 288 
reproductive behavior is unknown. 289 
 Campostoma oligolepis may have unusually strong inter-annual responses to abiotic factors such 290 
as water temperature and river discharge. Our data set collected over two spawning seasons and 19 291 
months hints at such pronounced variability, more than has been observed with sympatric cyprinids 292 
in the Flint River [11, 12]. This species’ nest-building strategy may make C. oligolepis more sensitive 293 
to inter-annual abiotic variation. 294 
 295 
 296 
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4. Materials and Methods  297 

Collection sites and fish capture 298 
Collections of C. oligolepis were made monthly from the Flint River in Madison County in 299 

northern Alabama from March, 2014, to September, 2015 (Figure 3). The Flint River originates in 300 
southeastern Lincoln County, Tennessee and flows south through Madison County, Alabama, into 301 
the Tennessee River southeast of Huntsville, Alabama. The river drains 141,640 hectares of Madison 302 
County, Alabama and Lincoln County, Tennessee [15], and its major branches are a total of 562 km 303 
long. The main stem of the river is free-flowing along its 111 km length. Within the sampling area, 304 
clear to moderately turbid waters flow over substrates of exposed Tuscumbia limestone and Fort 305 
Payne chert. Alluvial deposits of boulders, large cobble, small cobble, sand, silt, and mixtures of each 306 
are present and create an alternating succession of runs, riffles, and pools [11]. The collection site was 307 
the Oscar Patterson Road crossing of the river (34° 52” 50’ N, 86° 28” 50’ W) (Figure 1). No effort was 308 
made to collect individuals of a specific size or sex, but the aim was to collect 30–40 adults each month. 309 
The collection sites were typical of C. oligolepis habitat; medium-sized, clear-water streams with rock, 310 
pebble and gravel substrates and moderate water flow [9]. 311 
 312 
Figure 3 A map of the Flint River drainage indicating the location of the Oscar Patterson Road 313 
collection site. 314 

 315 
 316 
Median daily river discharge data for all collection dates were obtained from USGS river 317 

gauge #03575100 located downstream in Brownsboro, AL [16]. Water temperature measurements 318 
were taken during each collection as an indicator of the abiotic environment. Fish were collected 319 
using a seine net measuring 3.5 m long, 1.2 m wide with a 1.3 mm mesh. The net was placed in 320 
moderate depth (0.5 – 1. 0 m) riffles over a gravel and cobble substrate. All adult C. oligolepis (> 55 321 
mm) were collected indiscriminately of sex along with juveniles to be used as a reference of size 322 
variation throughout the year. Excess obvious juveniles in some collections were released on site.  323 
The adult threshold of 55 mm was based on early observation in the project of a lack of gonadal 324 
maturation in specimens measuring less than 55 mm. As fish were not measured on site, juvenile 325 
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status was based on estimation, and any individuals apparently near 55 mm were kept. All collected 326 
specimens were euthanized on site by adding 2–3 ml of a 9:1 ethanol/clove oil solution to about 500 327 
ml of water in the collection bucket, and then transferred into a 10% phosphate buffered formalin 328 
solution for fixation until they could be dissected and analyzed. 329 
Laboratory analysis 330 

Standard length (SL) was measured with digital calipers to the nearest 0.01 mm. Gross body 331 
mass was obtained to the nearest 0.0001 grams using an Explorer OHAUS digital balance after excess 332 
fluid was blotted from the fish’s body. The sex of each fish was determined by excision and 333 
examination of gonadal tissue using an Olympus SZX7 or a Motic K series dissecting microscope. 334 
After excess surface fluid was blotted away from the gonadal tissue, gonadal mass was obtained to 335 
the nearest 0.0001 g. Gonadosomatic Index (GSI) was calculated as: GSI = (body mass – gonadal 336 
mass)/body mass X 100 [10, 11, 17]. 337 

Images of intact gonads and oocytes were captured using an Olympus SZX7 dissecting 338 
microscope with an Olympus DP72 camera. Ovaries that were too large to be captured in a single 339 
frame were also photographed using a Sony Cyber-shot 20.1-megapixel digital camera. The images 340 
were later analyzed for maturation status and number (for oocytes) using the CellSens Standard 341 
software (Ver. 1.5) that comes with this camera. Each microscope image was captured at 8.4X and 342 
saved as a .tiff file. 343 

Ovarian maturation was assessed for each female using a modification of the scheme 344 
described in [18]. Based on macroscopic development, ovaries were divided into five stages (Fig. 2). 345 
Immature (stage I) ovaries are small in size, usually opaque, and contain only latent oocytes. 346 
Maturing (stage II) ovaries are larger, inhabiting a larger portion of the abdominal cavity. Maturing 347 
ovaries contain various sizes of white and cream colored oocytes. Advanced maturation (stage III) 348 
ovaries are bulkier and densely packed with oocytes. The oocytes are yellow to orange, and various 349 
sizes of vitellogenic oocytes are visible in between oocytes that are ready to be released during 350 
spawning. Ripe (stage IV) ovaries are partially ovulated and oocytes are released when squeezing 351 
the fish’s sides. In stage IV the ovary has obtained maximal development, but vitellogenic oocytes of 352 
several sizes are present in between the mature oocytes due to multiple spawning. Spawned and 353 
recovering (stage V) ovaries are still relatively large and flaccid with remaining empty spaces, but 354 
contain different sizes of developing vitellogenic oocytes. This stage can occur in between spawning 355 
cycles, and is also indicative of the end of the spawning season.  356 

Both ovaries from each female were teased apart using 21-gauge hypodermic needles to 357 
liberate developing oocytes from the ovarian tissue. During dissection, the left ovaries of gravid 358 
females were often visibly larger than the right. Oocytes liberated from ovaries that remained intact 359 
after dissection and storage were labeled as being either from the left (L) or right (R) ovary, and eggs 360 
that had fallen loose of the ovary during either removal or storage were labeled as unknown (U). 361 
Oocytes were arranged into a single layer on a Syracuse watch glass to be photographed. When the 362 
number of oocytes exceeded one frame, multiple frames were taken. Digital images were used to 363 
categorize oocytes into stages of maturation using the schematic of [18]. Latent oocytes were not 364 
counted in this project. Early maturing (stage 1) oocytes are previtellogenic and are distinguished by 365 
their small size which is half the diameter of a ripe oocyte. Late maturing (stage 2) oocytes are in early 366 
vitellogenesis and contain small yolk granules. The diameter size is larger, and a nuclear envelope 367 
can be seen. Mature (stage 3) oocytes are in late vitellogenesis, yellow in color and filled with yolk 368 
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globules. The vitelline membrane is obviously divided from the yolk. Ripe (stage 4) oocytes have a 369 
larger diameter than all other oocytes and are yellow to dark yellow-brown in color with vitelline 370 
membranes that are completely separated from the yolk mass. The counts for stages 3 and 4 in a 371 
female are the mature and ripe stages that have undergone vitellogenesis and are either close to being 372 
prepared or fully prepared for spawning and as such their combined number is an indicator of near-373 
term spawning competence and is reported as clutch size [10, 11, 19, 20]. This represents the number 374 
of mature oocytes nearly or immediately ready for spawning. 375 

All oocytes (excluding latent oocytes) were counted by stages and the total number was 376 
calculated for each female. Oocyte counts were performed using EggHelper, a custom program 377 
developed in Microsoft Visual Studio 2013, and confirmed using CellSens software [21]. The 378 
diameters of three oocytes per developmental stage per female were measured, and monthly 379 
averages for each stage were calculated for each female. 380 
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