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	 Mark Kurlansky’s bedtime message to 9+-yr-olds in 
WORLD Without fish is direct: “The world is going to hell.  
Adults are responsible. It’s your duty to fix it.”  
	 Books about the state of the world’s oceans and 
fisheries abound. They contain a similar, depressing message, but 
they are almost exclusively directed at adult audiences. Carl 
Safina’s Song for the Blue Ocean, Callum Roberts’ The 
Unnatural History of the Sea, Paul Greenberg’s Four Fish, 
Farley Mowat’s Sea of Slaughter, and my own Fish 
Conservation go to greater and lesser lengths laying out the 
history of how we got where we are, how bad where we are 
really is, and what we might possibly do to slow if not reverse 
the path we’re on. But fish books directed at a young (in this 
case very young, 9 yr old and up) audience are more gee-whiz, 
fish-are-wonderful volumes with a hint of the bad news tacked 
on at the end. We usually spare youngsters the gloom and doom 
of reality.
	 Mark Kurlansky pulls no punches here. He covers the 
problems and their causes, emphasizing overfishing, pollution, 
and climate change in a simplified accounting of the causes and 
effects of human depredations on the world’s oceans. Specific 
culprits are the industrialization and mechanization of fishing (in 
particular bottom dragging), scientific miscalculations of the 
exhaustibility of the oceans, and political intrusion into 
management (“THE BUREAUCRACY NEEDS TO READ 
DARWIN,” p. 105). Kurlansky points out shortcomings of a 
number of popular solutions, including aquaculture, catch quotas 
(and why they inevitably lead to high grading and excessive 
bycatch), area closures (including marine protected areas and 
ecotourism that turns fishermen into tour guides), and a tendency 
to regulate on a species-by-species rather than on an ecosystem 
basis.  
	 Kurlansky delivers his message in a format designed to 
hold the attention of readers of all ages. Each chapter is spiced 
with excellent illustrations by Frank Stockton, dramatic color 
photos, and historical drawings. Every chapter begins with a 
serialized comic strip/graphic novel that follows the personal 
histories of a Kurlansky-as-Cassandra alter-ego and his daughter, 
both of whom grow older as world fishery conditions worsen. 
Their foil is a family of commercial fishermen blinded by the 
profit motive and whose boats grow larger and whose catch 
shifts from large predators through forage fish, hagfish, krill, and 
finally jellyfish (and their predator, leatherback turtles) as the 
food chain gets progressively fished down and altered.  
Whenever the text reaches a particularly strong observation or 
conclusion, the type face changes to a large (VERY LARGE) 
block font worthy of a 10 yr old’s scrawl (as a textbook author, I 
see tremendous value in this attention-grabbing approach). And 
as in a full-length Dreamworks animated movie aimed at 
youngsters, chapters are liberally sprinkled with adult-friendly 
material in the form of boxes of technical material in print fine 
enough to discourage a younger reader’s interest. Plus each 

chapter opens with a poignant quote from Darwin’s On the 
Origin of Species. 
	 Kurlansky is a resource historian, and his writing is 
strongest in his historically-focused passages. His Cod: A 
Biography of the Fish that Changed the World has been a 
deserved best seller and undoubtedly reached a broader audience 
than other The-Seas-Are-Dying treatises written mostly by 
academics or conservation professionals and read mostly by 
college-educated grown-ups. 
	 If I can find any fault in Kurlansky’s treatment, it would 
be to quibble over factual inaccuracies (e.g., there is no such 
species as “the Alaska Wild Salmon”, p. xviii; there are closer to 
30,000 than “20,000 KNOWN species of fish,” p. xxii; his 
unfamiliarity with ichthyological facts shows in such statements 
as, “A fish with several fins is more evolved than a fish with one 
long fin. . . . So a cod . . . is more advanced than a flounder.  . . . 
More advanced fish tend to feed on less advanced fish.” p.3; 
also, dolphins do not depend on bluefin tuna to find food, p. 6). 
	 But given Kurlansky’s target audience, these lapses 
probably detract little from the impact. I am more concerned 
with his sentimental treatment of commercial fishermen, among 
whom he includes himself. He seems to feel that fishermen 
would self-police if they weren’t hampered by mindless 
regulation and restrictive fisheries mismanagement: “It is 
extremely destructive to a fishing society to 
stop fishermen from working” (p. 98), “. . . 
fishermen can regulate a fishery better than government can” (p. 
101). This theme is reminiscent of Linda Greenlaw’s The Hungry 
Ocean and her call to just leave the fishermen alone and market 
forces combined with differing competence will protect fisheries. 
Admittedly, Kurlansky’s treatment is more even-handed. He 
recognizes that some fishermen are unquestionably short-sighted 
and opportunistic, damn the consequences. And in all fairness, 
we don’t have to look hard for glaring examples of highly 
regulated, mismanaged fisheries.
	 Where Kurlansky truly departs from the ordinary is his 
prescriptions for action. He clearly feels that children can change 
the world, that they (and maybe only they) can alter their 
parents’ and society’s behavior. He goes beyond sustainable and 
certified fisheries and informed consumerism to activism: “YOU 
CAN ORGANIZE A PICKET LINE . . . WRITE LETTERS TO 
ELECTED OFFICIALS; utilize the Internet, e-mail, social 
networking sites . . . yours is a special generation. . .  You cannot 
afford to be passive. . . THE SURVIVAL OF NOT ONLY THE 
OCEANS BUT OF OUR WORLD IS AT STAKE.”  
	 If you feel your children can handle the truth, when 
they’re mature enough to question the existence of Santa and the 
Easter Bunny, buy this book and read it to them. Perhaps this 
way we won’t face the future that his comic strip daughter faces 
when she grows up and her children ask, “Mommy, what’s a 
fish?”

 Review by Gene Helfman, Professor 
Emeritus, Odum School of Ecology, University of Georgia 

FISH IN FOCUS: Mighty Mudminnows
 Michael Lucas
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With all the flashy shiners, brightly colored darters and 
sunfish, the lowly mudminnow gets little respect. But, like many 
of the commonly overlooked, more somber, every-day natives, 
when given a chance, mudminnows can generate plenty of 
respect and interest. Here in New York, year-round brightly col-
ored fish species are relatively sparse compared with many 
states, so I have been naturally drawn into the world of “ordi-
nary” natives. Specifically mudminnows such as Umbra limi, the 
Central Mudminnow (photo on p. 17), found in the Great Lakes 
area of North America and down the Mississippi as far south as 
Arkansas and Tennessee with established introductions in Texas, 
Connecticut, Massachusetts and Maine (USGS). It has been 
expanding its range eastward in New York through canals( Smith 
1985). Bait bucket introductions have also been a means of range 
expansion (Somerville et al. No Date)   

Umbra pygmaea, the Eastern Mudminnow, occurs on   
the Atlantic coast from southern New York to northern Florida 
and then west on the Gulf coast to the Aucilla River in Florida 
and Georiga (Rohde et al. 2009). The Eastern Mudminnow has 
also been introduced into Europe (Dederen et al. 1986). 

These two species are New York’s representatives of the  
family Umbridae, which worldwide also includes Umbra kra-
meri, the European Mudminnow; Novumbra hubbsi, the Olympic 
Mudminnow from Washington State; Dallia pectoralis, the 
Alaska Blackfish from Alaska and tip of Siberia; Dallia admira-
bilis, the Amguema Blackfish and Dallia delicatissima: these last 
two are only found in isolated spots in northern Siberia (Nelson 
2006). 

Both the Central and Eastern Mudminnows are often 
abundant in small, shallow, vegetated bodies of water or similar 
areas of larger waters with no or little current. Once while sam-
pling a small weedy ditch-like stream about 3 feet wide and 1.5 
feet deep on Grand Island, New York, I was able to catch 
between 10 and 50 Central Mudminnows with each scoop of a 3 
foot seine; numbers which appeared would last as long as I could 
scoop (Lucas 1988). Mudminnows become most abundant when 
they can avoid larger predators either by inhabiting the shallow-
er, plant-filled areas or due to habitat conditions such as highly 
acidic or poorly oxygenated water. Being generally abundant 
when I’ve found them, mine always seemed to get the leftovers 
in my fish room. They got the smallest, least decorated, poorly 
equipped tank or containers. Yet, as long as fed well and given 
some sort of cover to lurk behind, under, or in they would thrive.  
Over years of collecting and keeping natives the toughness of 
mudminnows has been repeatedly proven.  

Once while collecting in the heat of summer in New 
Jersey, I found a small marshy pond which apparently had earlier 

flooded the surrounding area but as it receded, had left behind a 
large puddle. The drying, tile-cracked mud perimeter indicated 
the hot weather and direct sun had been shrinking the puddle to 
its current tepid, putrid sheet of something between liquid and 
sludge. It was so disgusting that I almost, well at least for a 
moment, hesitated to dip my aquarium net into it. But being a 
true fish head I quickly shook off any apprehension and went in 
full bore repeatedly dredging up several cups of sludge, running 
to the pond to rinse as much mud as possible which resulted each 
time in one or more quite fat and healthy-looking Eastern 
Mudminnows. This amazed me as the water was actually hot to 
the touch and  barely water at all. Plus it was apparent from the 
tracks captured in the tiles of baked mud that two and four-
legged predators had been working the puddle like my family 
does a Chinese buffet. This illustrates just one benefit of mud-
minnows being able to breathe atmospheric oxygen.

A study by Virginia Safford Black (1945) has shown 
that mudminnows are uniquely designed to use oxygen in the 
water in the presence of relatively high concentrations of CO2 
and when that oxygen is mostly used up, switch to the use of 
oxygen from their swim bladder proving it to be a valuable sup-
plementary organ for respiration. 

Not only can mudminnows take the heat but the cold is 
no match for these super fish. Back in the blizzard of 2007 I 
shipped a couple of Eastern Mudminnows from Schenectady, 
New York, to one of Ohio’s veteran fish heads, Skipjack (aka 
Matt DeLaVega). Shipped Tuesday, they were delayed several 
days and eventually showed up Saturday, each in a small breath-
er bag and now a block of solid ice. Dropped into an empty tank 
in his garage to thaw and later be tossed or flushed, they instead 
slowly thawed out and were later spotted swimming around 
looking no worse for the ordeal. Not bad for the more southern 
of the mudminnows. 

In a discussion on the NANFA forum, Bruce Stallsmith 
answered the question of whether this resurrection from being 
frozen had been previously documented. He reported, “Not in 
mudminnows, but I’ve done it with Mummichogs, Fundulus het-
eroclitus. I put them in a freezer for several hours to euthanize 
them and they came out solid, but began to move in several min-
utes as they defrosted. Not such a good euthanasia technique.  
Natural ‘antifreeze’ substances in animals are almost always pro-
teins with strong hydrophobic properties. I would have to assume 
that both mudminnows and Mummichogs have good comple-
ments of them.”     

If you do a web search for ‘mudminnows’ the results 
are often about Mummichogs rather than true mudminnows of 
the genus Umbra.
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What in the World is a Darter Hunt?
Jenny Kruckenberg (Minnesota NANFA Rep)

 Inver Grove Heights, MN
jennyk@usfamily.net
(photos on page 16)

Looking for something a little different to do on a 
weekend during the month of May? Here’s an annual event 
that has free, guided collecting trips to several localities in 
southeastern Minnesota. The trophies in this pursuit are, of 
course, darters. Minnesota may not be an epicenter of darter 
diversity, but we do boast a few gems (e.g., Banded, Iowa and 
Rainbow). There is also a smorgasbord of other species regularly 
collected such as Southern Redbelly Dace, Stonecat and Banded 
Killifish. The Minnesota Aquarium Society (MAS) sponsors the 
event and it’s open to all MAS and NANFA members. This is 
very much a family affair so spouses and children are welcomed 
too.  MAS (now 81 years young) was founded in 1931 by some 
St. Paul residents who maintained fish ponds in their yards.  

The first Darter Hunt I attended was in the early 1990s. 
When no one offered to organize it the following year, I stepped 
up and have led two and sometimes three outings every year 
since. Some excursions are lean with as few as four attendees, but 
generally 10-15 persons show up. NANFA members who have 
made appearances include Twin Cities’ residents Tom Ward, Troy 
Brantner, Jared Cruz, Robin Engelking and Konrad Schmidt.  In 
2010, Peter Unmack joined us while he was in town as an MAS 
guest speaker. The late John Bondhus (NANFA’s founder) also 
attended a hunt or two and brought his two children who always 
had a blast seining and dip netting. 

A Department of Natural Resources permit is required 
to collect darters and MAS has an annual limit of 75 which has 
so far satisfied every one’s needs, but the group can also take 
minnows and other species designated as bait fish. Stipulations of 
the permit include any fish or offspring kept for home aquariums 
cannot be bought, sold or traded, and of course, ever again 
released. I also have a personal stipulation that a Darter Hunt will 
never ever be scheduled on Mother’s Day! As for myself, it’s 
the perfect way to spend Mother’s Day, but I don’t believe most 
wives/moms would see it that way!

Participants need only bring their exuberant enthusiasm, 
waders, sunscreen, clothing for spring weather (including a 
change just in case of a dip) and BYOB (Bring your own buckets 
or styros) to transport the “fruits” of their labor home. Since 
every weekend in May is a crap shoot weather-wise, I gather 
emails and keep everyone posted whether or not a scheduled trip 
is a go or a bust. 

The first trip is the longest day because we try to collect 
at three sites. We meet at the scenic town of Welch which is 
nestled in a hollow at the foot of towering bluffs along the 
Cannon River. After arming ourselves with waders, seines, dip 
nets and float buckets, we hit the water in groups of four or five. 
Some collectors kick net solo, but most work on a seine gang 
where two people hold the net and the rest kick over boulders 
downstream into the net. The booty is scooped from the seine and 

placed in float buckets. When I feel we have more than enough 
fish, we head back to the bank and put our catch in plastic Kritter 
Keepers for viewing. Even though the bright, green-colored 
Banded Darters are the quarry here, young and old alike are 
fascinated with the “spineless wonders” in the streams such as 
crayfish, stonefly larvae, hellgrammites, water scorpions, and 
yes, even lowly leeches. After a thorough and careful selection of 
keepers, most of the catch is released back into the Cannon River. 
Many in the group bring nothing home but photos and simply 
enjoy discovering the secret life of streams. The physical exertion 
in the stiff currents takes its toll and every one welcomes lunch at 
the Trout Scream Café which is just a short skip and hop from the 
river. 

After lunch, the caravan of cars rolls out of Welch to 
nearby Belle Creek. This site is located on state forest land in 
another deep, but narrower valley. The stream community here 
is very different from the larger Cannon River and the species 
of choice is the Fantail Darter. We also help monitor a Rainbow 
Darter reintroduction which was an Eagle Scout project of Bryan 
Stefansky in 2004. After counting and photographing specimens 
and admiring the vibrant colors in the males, all are returned to 
finish their mission of hopefully someday spreading downstream 
into Cannon River where they also once occurred. The last stop 
for this trip is the headwaters of the Little Cannon River. Here 
the landscape is gently, rolling hills which are mostly pasture and 
some crops.     

Darters are abundant, but not the only prize we seek 
here. Many love sampling the beautiful Southern Redbelly Dace, 
Blacknose Dace, Common Shiner and Central Stoneroller. I used 
to allow the group to take some Redside Dace home, but since 
this species has been proposed for Special Concern status in 
Minnesota, I insist all are released after deeply appreciating their 
gorgeous red color and uniquely large, upturned mouths.

The second outing begins at the historic town of Marine 
on St. Croix. The town was the first settlement in Minnesota 
where a saw mill was built on Old Mill Stream. Today, the site 
lies in the valley of the St. Croix River National Wild and Scenic 
River. Upstream of town, Old Mill Stream holds a fly angler’s 
dream of trophy Brook Trout, but near the mouth, large, chunky 
Rainbow Darters dwell in the riffles and pools. Again, our catch 
is viewed by all in the plastic Kritter Keepers and a few gems are 
selected before releasing the rest. We have to keep our energy 
up for the last leg of the Darter Hunt and most order a sandwich 
from the Deli at the Marine General Store. Everyone assembles 
outside at a Gazebo in the city park to dine with good company, 
and of course, carry on the never ending discussion about fish. 
The final destination for each Darter Hunt is Square Lake County 
Park. The lake has had the notable distinction for many years 
of being one of the clearest in Minnesota and the reason why so 

Another winter, during a pre-spring thaw, the cabin 
fever got the best of my wife and I so we went to hike a nearby 
trail that ran between a still frozen swamp and a canal. As we 
walked I noticed the very edge of the ice on the swamp was 
melted or very thin. If only I had a net! Of course I had a net, 
carefully packed in my backpack next to the breather bags and 
thermos of hot chocolate. A couple kicks and the ice opened 
enough to dip my 10-inch aquarium net into the water and drag it 
back through the half rotted vegetation, leaves, and plant roots.  
After pulling out shards of ice and debris, much to my surprise, I 
noticed a few still active water bugs which upon closer inspec-
tion turned out to be tiny barely quarter inch baby Central 
Mudminnows. Apparently spring wasn’t only just in the air but 
in the mudminnow water as well. 

Mudminnows appear to prefer spawning in the earliest 
spring or even before spring. More evidence of this is found in 
our own NANFA forum: Mudminnow rough love or playing hard 
to get (February 19, 2008). In this forum topic Mike Zaborowski, 
Don Smith, Brian J. Zimmerman, and Ray W. Wolff share expe-
riences with Central Mudminnows being trapped as bait through 
the ice, held for extended times in a half frozen bait bucket, 
observed spawning outdoors around the time the ice melts, 
spawned in the aquarium, and even in a pail of collected feeder 
fish. 

The abilities to actively forage during winter and digest 
meals relatively rapidly at cold temperatures serve as niche-
broadening mechanisms and increase the chances of survival. 
These cold-water foraging adaptations could be an important fac-
tor contributing to the development of female gonads over the 
winter. Winter gonad growth allows for early spring spawning 
and provides the longest amount of time for the young of year to 
develop before their first winter (Chilton et al. 1984). In winter, 
Central Mudminnows can survive hypoxic conditions that kill 
many other fish ( Klinger et al. 1982; Chilton et al. 1984). These 
fish use an interesting behavior where they ingest air bubbles 
trapped on the underside of ice-covered lakes (Rahel & Nutzman 
1994, Klinger et al. 1983). 

As it turns out their unique swim bladder appears to 
give the mudminnows a fin up on most other fish in withstanding 
conditions of oxygen deprivation caused by temperature 
extremes, acidic water, relatively high CO2 ratios and low or 
other poor water conditions. Their swim bladder is physosto-
mous which means there is a duct connecting the bladder to the 
pharynx. This allows them to gulp atmospheric air and gas 
exchange can then occur on the highly vascularized surface of 
the swim bladder. Other fish, called physoclists, have no open 
duct so all gas exchange for the purpose of adjusting to changes 
in hydrostatic pressure must take place between the swim blad-
der and blood. These fish possess vascular sections of the swim 
bladder wall which serve for the deposition and absorption of 
gases. The swim bladder isn’t the only anatomical advantage of 
the mudminnow. It appears that the Eastern Mudminnow has 
chloride cells in their branchial epithelium that allow them to not 
only survive but thrive in very acidic waters (Flik et al. 1987).  
Acute exposure to water with a pH between 3.5 and 5.0 is lethal 
for most fish species but both species of mudminnows have been 
found to be extremely acid-tolerant. 

So set up a tank, bucket, or container of any size in a 
spot where temperatures can range from ice water up to the 90’s 
with no aeration, water in which few fish could survive, add a 

few mudminnows, and enjoy this unique, hardy fish. Or if you 
prefer a large well planted aquarium with clean, well-oxygenated 
water, with a variety of live, frozen and freeze-dried foods, give 
that a try as these fish might just make it anyway.
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Eastern Mudminnow Umbra pygmaea. Photo by Fritz Rohde.

Central Mudminnow Umbra limi. Photo by Uland Thomas.

Central Mudminnow Habitat. Photo by Konrad Schmidt.

depths where they school with other minnow species and forage 
on drifting invertebrates that are swept downstream by currents 
or deposited from the terrestrial environment. Vegetative stands 
are used by young Ironcolor Shiner as predator refuges and may 
provide for additional foraging opportunities, as evidenced by 
seeds and vegetation in the gut tracts of dissected individuals 
taken from streams in Florida (Marshall 1947). These 
documented life history attributes are likely similar among 
disjunct populations of Ironcolor Shiner, given most ecological 
traits are evolutionarily constrained. However, local variation in 
environmental characteristics associated with disjunct 
populations might allow for plasticity (ability to change) in some 
ecological traits. For example, the reproductive ecology of 
Brown Trout populations is known to vary according to local 
habitat characteristics, including water temperature determining 
relative egg production and size (Lobon-Cervia et al. 1997).  
Certainly variation in reproductive output contributes to a 
population’s ability to persist through time, especially in disjunct 
situations where there is no connection with larger populations.

A Unique Environment:
	 Occurrence of the disjunct, relict population of 
Ironcolor Shiner in central Texas is notable because it represents 
the southwestern most extent of the species’ range and is 
characterized by landscape and geophysical characteristics that 
are unique among streams inhabited by Ironcolor Shiner. The 2.2 
km reach of stream in which Ironcolor Shiner are found (Perkin 
et al. 2012) is entirely surrounded by urbanized landscape 
(Figure 3, p. 13). In this headwater reach, water temperature is a 
constant 23ºC year-round because of aquifer-derived flows that 
surface in the City of San Marcos after being underground for up 
to 20 years (Groeger et al. 1997). Stable discharge and water 
temperature in the upper San Marcos River provide a unique 
spring-run environment, characterized by clear water, abundant 
aquatic plants, and slightly basic pH levels because of high 
calcium carbonate deposits within the aquifer (Figure 4, p. 14). 
Many of these aspects reflect what is known about streams 
inhabited by eastern populations of the species, with the notable 
exception of water temperature. The upper San Marcos River 
lacks the dynamic intra-annual fluxes in water temperature 
characterized by streams inhabited by all other known 
populations of Ironcolor Shiner. Consequently, the relict 
population of Ironcolor Shiner in the upper San Marcos River 
allows the opportunity to evaluate the effects of stable water 
temperature on the ecology of the species. Because of the strong 
linkage between water temperature and reproductive ecology (for 
example, work by Lobon-Cervia et al. 1997) the goal of our 
study was to evaluate responses in aspects of Ironcolor Shiner 
reproduction that might be influenced by stenothermal water. 
	
Study Design:
	 We conducted monthly seining collections of Ironcolor 
Shiner in the upper San Marcos River between January and 
December of 2007. Sampling sites varied by month, but were 
always within the 2.2 km urbanized reach of the San Marcos 
River. No more than 12 individuals were opportunistically 
retained each month, anesthetized, and stored in 10% formalin 
for laboratory inspection. In the laboratory, we assessed five 
fundamental aspects of reproductive ecology. We assessed age at 
maturation by determining the age in years of the youngest 

reproductively mature female individual. For our purposes, 
reproductive maturity was assessed according to whether large 
diameter unfertilized egg cells were present in ovaries. We 
estimated length of life by determining the age of the oldest 
individual captured, using length frequency histograms to 
estimate number of year classes. Length and timing of 
reproductive season was determined by considering the number 
of months during which reproductive females were captured, and 
the number of months during which male gonad weight 
constituted more than 0.5% of total body weight. We then 
estimated the number of large diameter unfertilized eggs present 
in 20 reproductively mature females and measured the diameter 
(in millimeters) of each egg.
	 We compared our findings to other studies that have 
assessed the life history of Ironcolor Shiner. To do this, we used 
a literature review of existing knowledge of Ironcolor Shiner life 
history and we included studies that assessed similar ecological 
attributes as our study. One study in particular, a Master’s thesis 
from Pennsylvania State University, contained a large amount of 
data pertaining to life history attributes of Ironcolor Shiner in 
Marshalls Creek, Pennsylvania (Leckvarcik 2001).  

Findings and Conclusions:
	 We collected 118 Ironcolor Shiners from the upper San 
Marcos River during 12 months of sampling in 2007. Among 
these individuals, mean (±SD) standard lengths suggested four 
age groups were present, consisting of age 0 (33 ±1 mm), age 1 
(39 ±3 mm), age 2 (44 ±3 mm), and age 3 (49 ±1 mm).  
Minimum size at maturation was 36 mm for a female collected 
during March, suggesting age at maturity was approximately one 
year. We observed reproductive activity during 10 of the 12 
sampling months. Females containing mature ovaries were 
present March-December, when gonads constituted >3.0% of 
body weight and ranged from 3.4% to 8.0%. Similarly, gonads 
constituted >0.5% of male body mass during early April-
December, when percent gonad weights ranged from 0.55% to 
1.7%.  Among 20 reproductively mature females (2 from each 
month of reproductive activity), mean (±SD) number of large 
diameter unfertilized eggs was 95 (± 43) and mean (±SD) 
diameter was 0.78 (± 0.1) mm.
	 Comparisons between Ironcolor Shiners collected from 
the San Marcos River and Marshalls Creek, Pennsylvania 
indicated differences in reproductive ecology. Standard length of 
mature females was notably larger in the San Marcos River 
(mean ± SD = 42 ± 3) compared to Marshalls Creek (mean ± SD 
= 32 ± 4; Figure 5a, p. 13). Inversely, mean diameter of 
unfertilized eggs was notably smaller in the San Marcos River 
(0.78 ± 0.1) compared to Marshalls Creek (1.26 ± 0.1; Figure 
5b).  Reproductive seasons also differed between populations, 
with that of the San Marcos River spanning ten months and the 
Marshalls Creek population only two. Interestingly, despite these 
differences in reproductive ecology, the number of eggs per 
female did not notably differ between San Marcos River (mean ± 
SD = 95 ± 43) and Marshalls Creek (mean ± SD = 121 ± 43) 
populations.

Comparison with Ironcolor Shiner populations from 
other stream systems revealed the upper San Marcos River 
population of central Texas spawned for much longer than other 
populations. Reproductive season length in the upper San 
Marcos River was greatly protracted relative to populations that 

17 See The Mighty Mudminnows article  on page 26




