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By Dave Orndorf
I must confess right up front of having been accused of being a tree hugger and
nature nerd, I prefer “Green Elite.” My lifelong interest in the out of doors was nurtured
in my pre-teen years in the late 1940s and early 1950s when virtually every spring and
summer weekend, my family spent time at great-uncle Al’s cabin on 25 acres situated on
Big Walnut Creek east of Columbus. In those days, it was almost all wilderness with only a
few scattered farms nearby.
I spent most of my time doing what boys did then: exploring woods, climbing
trees, building forts, and flipping rocks in the creek to see what was underneath. Sadly,
boys now have other interests. Uncle Al’s place now exists only in my mind’s eye and is
bisected by I-70 with houses, shopping centers, and auto dealerships as far as the eye can
see.
Early in my explorations, I was aware of “puddles” in the woods that then only
resulted in wet feet. It was years later that I became aware of what they really were.
As an adult and newly married, I had a burning desire for my own place in the woods.
After much searching, I settled on a 57 acre property in NE Delaware County in 1999. It
was especially appealing in that it contained 35 acres of mature old growth timber with
a wide variety of species and a vernal pool that had clearly existed for a long time. It
contained 10’-tall button bush and mossy logs and was surrounded by large maple and
ash trees. Since acquiring the property, a
lake and orchard have been added where
previous fallow farm fields stood.
After a few years, my outdoor
oriented neighbor, Al Blyth, and I put in
a couple of double funnel minnow traps
to test the waters of the pool after a first
warm spring rain. We were astonished
with the results the following morning.
The traps contained masses of writhing
salamanders, both Jefferson and Smallmouth. Shortly thereafter, spotted
salamanders, followed by newts and wood
frogs appeared.
A vernal pool obligate species, the Wood Frog.
Photo courtesy of MAD Scientist Associates
In addition to the amphibians, the
pool was stiff with other forms of life. Fairy
shrimp, Caddisfly larvae, water beetles, and
other invertebrates galore including a species
of crayfish unlike the ones in Big Walnut Creek
(and man could they pinch!).
After years of annual monitoring, we
became aware that four-toed salamanders
were also present and recently discovered
a few specimens of marbled salamanders
isolated from their normal habitat in southern
unglaciated Ohio. Both of these species are
county records.
Sometime after building a home here,
A vernal pool crayfish, the Digger Crayfish. Photo courtesy of MAD Scientist Associates
I established a conservation easement on
the property, protecting it indefinitely from
development, and a few years later deeded it
over to Preservation Parks of Delaware County on a ‘life estate’ basis.
Upon my passing, it will become Orchard Oaks Preserve to be enjoyed by the
public. When it does, please plan to visit. You will not be disappointed. Did I mention bird
watching here is fantastic?

Ohio Wetlands Association

H2Ohio Continues to Thrive, Ohio Commits to the Cause
By Laura Manns Arcuino, OWA Volunteer

In 2020, OWA partnered with H2Ohio, Governor Mike DeWine’s initiative to support clean water in Ohio and
Lake Erie. In February of 2021, Governor DeWine confirmed continued financial support for the massive project, which
addresses water quality in a multi-pronged approach. Three state agencies manage the project: the Ohio Department
of Agriculture, the Ohio Department of Natural Resources, and the Ohio Environmental Protection Agency. Over
twenty other agencies have partnered with the project to assist in planning and prioritization of all aspects of water
quality improvement.

H2Ohio has been up and running for two years now and there has been promising progress on many of the
projects. According to h2.ohio.gov, a total of two million dollars in funding went to drinking water infrastructure
projects in three locations (Pike County, Coshocton, and New Waterford.) Three other locations (Pomeroy, West
Milton, and Williams County) received over one million dollars in funds to improve their wastewater capacities. Health
departments in seven Northwest counties received almost two million dollars to address failing household sewage
systems. Cincinnati received over one million dollars to address lead found in the fixtures of some childcare facilities.
The Ohio Department of Natural Resources (ODNR) has spearheaded dozens of wetland creation and restoration
projects throughout Ohio, especially in the Lake Erie Basin. Northwest Ohio is considered a high priority area due
to the nutrient runoff from farms contributing to harmful algal blooms. ODNR’s director, Mary Mertz, reported on
h2.ohio.gov that the wetlands are being designed to “reduce the nutrient runoff into Ohio’s streams and waterways”,
which will in turn improve the health of Lake Erie. H2Ohio has committed fifty million dollars to wetlands creation
which will filter “approximately 80,000 acres of watershed”. To reach this goal, a total of 5,500 acres of wetlands will
be improved or created in the targeted areas. The most recent projects announced were in Medina, Hancock, and
Williams counties.
		
In February, H2Ohio reported that it made its first
payments to farmers participating in the Voluntary Nutrient
Management Plans (VNMP), a program which incentivizes sound
methods to reduce phosphorus runoff. The farmers choosing to
join the program must complete a VNMP and work with their
local Soil and Water Conservation District Boards to ensure that
the plan incorporates proven conservation practices. In return,
these farmers are provided with financial support through their
local boards. In 2020, 1,750 farmers enrolled in the program;
these farmers pledged over one million acres of land in fourteen
separate counties. February of 2021 saw the first payments
going out from three of those counties to 154 of the participants.
The remaining county boards will continue to meet throughout
the year to approve VNMPs and provide financial support to
these farmers who have committed to the principles of water
conservation.
		
OWA will continue to provide updates to H2Ohio’s
progress on social media and in our newsletter. If you would
like more information on the specific wetland projects or any
other facet of the program, please visit h2.ohio.gov for more
information.
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Assessing Nutrient Removal Function in H2Ohio Wetlands
By Laura Manns Arcuino, OWA Volunteer

On March 5, Ohio Department of Natural Resources (ODNR), Director Mary Mertz announced that there
are now 44 new wetland projects as a result of Governor DeWine’s H2Ohio initiative and there are more to come.
This wetland work was undertaken as one of ten Best Management Practices to reduce nutrient loading into Ohio
waterways and decrease water turbidity.
Since June of 2020, members of the Lake Erie & Aquatic Research
Network (LEARN) have been tasked by the ODNR with developing
a monitoring program specifically for the H2Ohio Initiative wetland
projects and determining how to best implement them. The developed
framework and protocols could be used to monitor other wetland
projects in the future.
Mark Dilley and I had the opportunity to interview Dr. Janice Kerns,
the ODNR Wetland Monitoring Program Lead and Reserve Manager of
Old Woman Creek National Estuarine Research Reserve; and Dr. Lauren
Kinsman-Costello an Assistant Professor at Kent State University who is
leading a group of researchers from LEARN in designing the monitoring
program that will assess the nutrient removal and cycling capacity of
each of the four types of wetlands: flow-through, coastal, floodplain,
and depressional. She specializes in the nutrient biogeochemistry of
freshwater ecosystems and has particular interest in coastal and urban
wetlands.
Members of the LEARN consortium are in the process of finalizing
nutrient monitoring protocols. The primary focus for monitoring is
to assess each wetland’s “nutrient removal function”, or its ability to
diminish loads of nitrogen, phosphorus, and turbidity to downstream
ecosystems. To evaluate each project, nutrient storage and
transformation within the wetland will be analyzed. Sites representing
specific types of wetland have been selected for monitoring and are
referred to as “focal sites”. This data can be used to create correlations
Director Mary Mertz
to other sites and to better understand how each project contributes
individually to wetland nutrient reduction, as well as how wetlands compare to the other nine BMPs for improving
water quality. Currently twelve wetland sites, both focal and non-focal sites, whose construction will be completed
by the end of this year are slated to be monitored.
The monitoring plans are in the final edit phase and will move to the implementation phase in spring
and summer 2021. Created physical and personnel infrastructure will include: a network of researchers including
undergraduate and graduate students, field monitoring, physical sensors, database creation and storage, and data
analysis.
In the future, it is anticipated that there will be a need for citizen scientists to assist in H2Ohio wetland
monitoring.
Currently, there are opportunities for undergraduate students at Dr. Kinsman-Costello laboratory at Kent
State University to participate. Dr. Kinsman-Costello is seeking students in natural science majors and in particular,
is encouraging members of under-served communities or minority groups to apply. For additional information, visit
her website at: https://laurenkinsmancostello.weebly.com/
We look forward to sharing preliminary results and citizen science volunteer monitoring opportunities with
OWA members in the future.
More information is available at:
H2Ohio – http://h2.ohio.gov/
LEARN - https://lakeerieandaquaticresearch.org/
Old Woman Creek National Estuarine Research Reserve - https://ohiodnr.gov/wps/portal/gov/odnr/discover-andlearn/safety-conservation/about-ODNR/coastal-management/owc-nerr
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Wonderment

By Liz Neroni, OWA Volunteer

With spring comes field trip season at many park districts, including Preservation Parks of Delaware County.
However, due to the pandemic, we will not be having any. I am somewhat relieved. If anyone has hosted one hundred
2nd graders, plus teachers and parents, there is an understanding of why. We rotate the kids’ classes through different
activities from the second they arrive, to the moment we wave goodbye. It is simply exhausting. Presenting the same
program 4-5 times in a row without any breaks, turns you into a zombie for the remainder of the day.
The other part of me, however, is sad. Tiring as it may be, I was typically in charge of our wetland study. After
explaining that nets are not weapons or toys and are instead, tools for scientific use, they head down the boardwalks
to a strange new world. I task them with dipping their nets into the water, enticing them to find as many things as
they can. Additionally, I ask them to listen and observe what is around the wetland, counting as they go. Shouts of
excitement, screams of fright, unsure rumbles, and audible wows fill the wetland. It brings a smile to my face every
time.
It is my favorite when one of the students looks discouraged and says “I haven’t caught a thing....”. As awful
as that sounds, it is worth the outcome. With a little encouragement and background knowledge, I take the net and
“oh my! You have my favorite wetland animal right in your net!”. Disbelief is replaced with sheer joy, as I pull whatever
unnoticed macro-invertebrate is crawling around. Each one is my favorite. Each one has a story to tell and a role within
the ecosystem. Yet, if I had to pick by the kids’ reactions, I’d choose the dragonfly nymph.
It wasn’t until after I started my career as a naturalist
in western Maryland, that I learned about how
dragonflies start their incomplete metamorphosis
in the water. To think that the familiar insect we
see darting through the air lives underwater in the
beginning! The students always seem so shocked,
then I show them the nymph’s cool mouth. I explain
how, throughout its life, the dragonfly is an extremely
good hunter. At this stage, their specialized mouth is
what allows them to catch their prey so well. Neatly
folded under the body when not in use, it springs
forward to snatch nearby food. This special mouth is
called a labium. If you haven’t seen it in action before,
visit YouTube and watch a video.

Dragonfly Nymph

One day soon, our wetlands
won’t just be a biodiverse and
vital habitat, it will be a place for
young minds and hearts to, once
again, connect with nature.
Special Mouth of Dragonfly Nymph
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Hot Topic – Economics of Biodiversity
By Ray Stewart

This newsletter has reported on the economic value of wetlands in the past. The focus has been the
measurable value of nutrients removed and the power to clean water. We have included supporting documents
from local economists who produced convincing calculations in regard to the negative effects of poor water quality,
and the cost-effective improvements that wetland restoration provides. While detailed and convincing, the notion
has not always won wide-spread acceptance. There is a legacy of thought that wetlands have little or even negative
value as landscape features and that their natural services are inconsequential. These ideas are changing, however.
As the global human population continues to expand, and especially as standards of living improve in many parts of
the world, a growing demand for what has traditionally been seen as “free'' natural resources is changing perceptions
about the finite capacity of the planet to support our global economy.
Published on World Wetlands Day, February 2, 2021, the 606-page report
“The Economics of Biodiversity: The Dasgupta Review” clearly connects economics
and nature stating, “Our economies, livelihoods and well-being all depend on our
most precious asset: Nature.” Nature is the source of the materials we require, and
the planet is also the sink that we expect to absorb our waste products including
carbon dioxide, plastics and so much more. Nature must be viewed as an asset just
as other forms of capital. The value of Nature as a capital asset is enriched by its
biodiversity which makes Nature more productive, resilient, and adaptable. Using
a direct analogy between Nature and economics, the diversity within a financial
portfolio reduces risk and uncertainty, so too biodiversity in Nature provides
resilience and reduced risk not just for Nature itself but for humanity that relies on
it.
As Aldo Leopold famously said, “We abuse land because we see it as
a commodity belonging to us. When we see land as a community to which we
belong, we may begin to use it with love and respect.” As the industrial revolution
unfolded centuries ago our management of the natural portfolio became
impoverished. Humanity’s management of this essential asset is not sustainable.
In the 22 years between 1992 and 2014 human capital production doubled, not
because we have worked hard and long but because our means to exploit Natural
Capital is so great, decreasing Natural stock during this same time by 40%. In astronomical terms, we will need 1.6
Earths to sustain human standards of living at the current levels. Adding an Earth-like ‘terraformed’ Mars alone will
not be enough!
Biodiversity is declining at a rate so high that extinctions are occurring as high as 1000 times the normal
background rate. Nature’s ability to produce suitable goods and services is likewise shrinking with reduced resilience
and adaptability. Humanities lifeline, its ‘Ace in the hole’, its guarantee is breaking. It is not too-big-to-fail. One
consequence of squeezing the last Natural resources from wild places exposes us to diseases like Covid-19. Exploiting
exotic ‘bush meat’ may lead to more dangerous diseases at the same time that the last great wild places disappear.
Transition to sustainability is needed now. Delay increases the future cost.
Our broad economic systems are not configured to address these issues. Nature has many aspects that
cannot be seen as commodities. Air is not traded on any stock market.
Oxygen and carbon dioxide exchange through photosynthesis is lifesustaining yet silent and invisible, and without a monetary value. Vast
expanses of ocean are harvested for great profit, but this outcome
alone does not chart the navigation that would steer floating factories
toward sustainability. Myopic, short-sightedness is the rule of thumb in
an economic system fashioned by harnessing short-term self-interest.
Markets and institutions are at fault as well.
Governments often support the exploitation of Natural Capital while
doing little to sustain it. The Dasgupta Review says a conservative
estimate of total government subsidies that destroy nature are
equivalent to $ 4 - 6 Trillion per year worldwide. Global partnerships
like the Convention on Biological Diversity and the UN Framework
Convention on Climate Change assert that there are opportunities
to establish the right environment to achieve global commitments.
Strong policies to preserve Nature are long-term solutions to assure
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continuing prosperity.
The first step is philosophical, a way of thinking that confirms that humanity is not external or apart from
Nature but is profoundly embedded in it. This idea, when embraced, guides our understanding of sustainable
economic growth and development. It requires that economic activity fully accounts for externalities and all
interactions with Nature so that global ecosystems are no longer degraded or exhausted by that economic activity.
We must find alternative measures of economic success. If you only calculate a nation’s wealth in terms of Gross
Domestic Product (GDP) you see only one side of the ledger. If higher GDP comes at the expense of forest, topsoil, and
fishable waters, your balance sheet does not reveal the true cost of doing business. Would a business balance sheet
be accurate if it only described gross sales without considering the cost of insurance, loans, or payroll?
Costa Rica, a pleasant country in Central America, has long adopted some of these tenets. One third of its land
area is parks and natural areas. This is largely responsible for the millions of foreign tourists that generate nearly 6% of
its GDP. They have invested heavily in solar and renewable energy which now
provides non-fossil fuel power throughout the country for more than 300
days each year. Their Natural Capital is exemplary, and their carbon footprint
is the envy of many forward-thinking nations. These efforts increase the
appeal to many eco-tourists.
Transformative change is possible. For centuries humanity has
engaged in a global experiment that has produced a population with
unprecedented numbers and with greater knowledge and the capacity to
collaborate in ways that can redirect the global ecosystem in ways that will
benefit not just ourselves but also our descendants. Those who come after
us deserve a quality of life with Natural prosperity. “It is sheer madness to
continue on this path,” Prince Charles said. “Sir Partha Dasgupta’s seminal
review is a call to action that we must heed, for ladies and gentlemen, it falls
on our watch and we must not fail.”
Search online for Dasgupta Review for more on this topic.

Young Explorers and the Magic of Vernal Pools

By Robin Mayes
Recently, I had the chance to take two of my grandkids with me while stalking salamanders in the vernal pools
of Gallant Woods. We were helping Naturalist, Liz, check the traps she had left in the water the night before. When
conditions are right in the spring, the salamanders “run” – headed to breeding pools to leave eggs behind. By setting
basket-like traps in areas where they are likely to be, we can get a glimpse into the variety of salamander species in the
area. The trapped critters are noted and released unharmed. Seven-year-old Ellie was determined to get right in there
and inspect the amphibians. She loved the scientific aspect of the survey and sensed the importance of such activities.
Landon, 4, was all about traipsing through the water in his tall boots. I am sure
in his little head he was on the trail of much larger, prehistoric creatures … he is
very into dinosaurs right now.
Not only did our excursion into the woods yield a glimpse into the life
of mole salamanders, but we also
were treated to a cacophony of
spring peepers and chorus frogs.
Numerous birds were singing from
the treetops. Finding a couple of
tiny brown snakes in the leaf litter
on our way to the large vernal
pool was an added bonus!
Maybe you don’t have a whole
week or even an entire weekend
to spend in the great outdoors
with the youngsters in your life
but take advantage of every
opportunity to get out … even if it is only into your own backyard! You will
find plenty of nature there, too.
Little Brown Snake or Dekay’s snake
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A Story of Landowner Generosity, Wetland Preservation,
and a Nice Gesture
By Logan Dunn

The Ohio Wetlands Association strives
to provide the most up to date and current
wetland information and research for our
readers. By providing information such as
this, our readers become increasingly more
informed on the status of Ohio’s wetlands.
For years, wetlands have been on the brink of
extinction from the state, but with increasing
conservation initiatives from the state down
to the private sector, many Ohio wetlands are
sparking new life.
We have readers from all over the
United States, and do we ever enjoy hearing
from you! Recently, we received an email from
one of our members, Bill Fisher, former Director
of the Crawford Park District. He reached out to
compliment us on our informative newsletters
and the other wonderful work that the Ohio
Wetlands Association has been doing. In
Swamp Milkweed.
addition to his kind words, Bill sent a donation
Photo courtesy of MAD Scientist Associates
to cover the annual memberships of three
landowners he wished to thank and honor. Land donors and conservation-minded landowners play an extremely vital
role in the preservation/ conservation of Ohio’s wetland resources. Development and intensive agriculture have all but
dwindled these resources over the years, making this effort critical for future conservation efforts. Many folks donate
land or establish conservation easements with park districts and state agencies so that their land can be protected and
sustained for generations to come.
The three generous landowners who were added to our membership ranks thanks to Bill’s request are:
• Norm and Sharon Huber, who donated 1.134 acres to the Crawford Park District, further protecting the
Sandusky River Corridor. This land
is now part of the Sandusky River
Headwaters Park.
• Pat and Kelly Gabriel, who own
a small parcel of land for which
they have dedicated to wildlife which
also helps protect the Sandusky River
Corridor.
• Ron Rossington, who donated 7.01
acres to assist wildlife efforts and
protecting the Sandusky River
Corridor and is now a part of the
Sandusky Wildlife Area, also in
Crawford County.
We applaud these landowners for
contributing to wetland conservation efforts in
Ohio. If you have land that you are protecting
for the benefit of wetlands, stream/river
corridors or wildlife habitat, we encourage you
to do so! Please share your stories and let us
know how we may assist you. As Howard Zinn
famously says….” Small acts, when multiplied by
millions of people, can transform the world.”

Blue skies and emergent marsh.
Photo courtesy of MAD Scientist Associates
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One Small Step,
One Giant Leap
by Ray Stewart

In the geological period
called the Devonian, about 400
million years ago (mya), the
world was a much different
place. The oceans sustained the
most advanced forms of animal
life. It was the age of fish. The
shallow seas that created the
bedrock of Ohio and most of
the Midwest gave rise to many
diverse animals including the
fearsome Dunkleosteous whose
fossil remains are found in shale
deposits where rivers have incised
steep cliffs and exposed their deep history.

Lobe-finned fishes have more complex
bones and musculature than ray-finned.
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Dunkleosteous, Cleveland Museum of Natural History

While some fish evolved into large stealthy
predators, others explored more sedate niches.
Coral reefs provided honeycombs of safe hideaways.
Others found near-shore lagoons to be ideal refuges
where shallow waters gave safe harbor and excluded
threatening predators. The story of evolution
has always been the dance between organisms
that need to find food and simultaneously avoid
becoming food.
On land, the Devonian saw the rise of varied
plants and invertebrate animals that took advantage
of an evolving atmosphere where oxygen levels
had greater concentrations than in the oceans.
For the entomologists reading this, admittedly,
the pioneering creatures to walk on land were
arthropods and other invertebrates. Remarkably,
vertebrates took their first tentative steps out of
the water to become ancestors to all land-based
vertebrates, reptiles, birds, and mammals (Yes, even
you and me!). Recent discoveries have added to the
story of how a fin became a limb and a fish became a
frog.
How does a fish evolve into an amphibian?
It is difficult to see how fins become limbs, gills
get replaced by lungs, and a complex process of
metamorphosis develops to bring about the frogs
and salamanders we know today. Recent fossil
discoveries and advanced genetic research have
revealed the likely pathway for this astounding
transition that led to the expansion of vertebrate life
onto all the continents.
The story begins in the Paleozoic Era, as
mentioned above, about 400 mya in the Devonian
Period. It was a time of fierce competition within a
complex ocean ecosystem. Continents were slowly
moving together, soon to form into the superlandmass, Pangaea, and some primitive plants were
beginning to colonize a stark landscape.
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It is certain that a lobe-finned fish was the predecessor of the first amphibians. Lobe-finned fish have unique
appendages that include an array of bones and muscles not found in other fishes. The ‘living fossil’ fish, Coelacanth,
was only known from fossils until their discovery in the first half of the twentieth century. Other lobe-finned fish closely
related to Coelacanth are the lungfishes. Their lungs are thought to be modified swim bladders whose original function
was to control buoyancy. It is likely that, through evolutionary processes, these fish modified this simple structure by
infusing the bladders membranes with a fine network of blood vessels.
It would be wrong to think that these fish were trying to move on to the land. Evolution by means of Natural
Selection is a process where these adaptations gave them advantages for their time and place. It is likely that some of
these Devonian lobe-finned fishes were living on the margins of the sea, avoiding predation in thick vegetation like kelp
beds or shallow estuaries and swamp forests. Muscular fins would be useful to pull rather than swim through these
densely vegetated, secluded waters. Shallows may be subject to draw downs during drought. Crossing short mudflats
to find deeper water while breathing atmospheric oxygen would have been a survival advantage. Today the modern
lungfish known as mud skippers regularly live and feed for long periods out of the water on mud flats.
An early Tetrapod (refers to all four limbed vertebrates) fossil was discovered in Greenland and dubbed
‘Ichthyostega’ dates back to 364 mya. It was about 1 meter long with a pelvis, shoulders, four strong limbs with welldeveloped fingers and toes.
There are few good fossils to illustrate the
gradual evolution from fish to amphibian.
In search of an intermediate form Dr. Neil
Shubin, author of the national best seller,
Your Inner Fish, unearthed a significant fossil
from 375 mya, found in northern Canada
in 2004. Named Tiktaalik, it lived 11 million
years before the earliest Ichthyostega. It had
a mix of fish and amphibian traits. Unlike
fish that have a conical head, Tiktaalik has a
flat, triangular head with eyes on the top, a
functional advantage for a fish that raises its
head out of the water. It also has a neck that
allows it to move its head independent from
its body and a rib cage that surrounds air
breathing lungs. Tiktaalik is still considered a
fish because it has fins, scales, and gills.
This evidence shows that much of
the evolutionary change that is attributed to
Tetrapods actually occurred in fish. Tiktaalik
did not actually walk on land, though. While
Tiktaalik with Dr Shubin
the front fins were strong, there was little to
indicate development of rear appendages. It
Pederpes
would have been able to pull itself along the
margins of pools and shores but little more.
While this one species provides an insight into
Tulerpeton
the development of a body plan that would
Ichthyostega
Casineria
lead to land-based Early Tetrapods were mostly
preying upon fish, either from within the water
Pederpes
or from the shoreline. Either way, they were
not divorced from the marine and freshwater
Talerpeton
habitats from which they emerged.
Ichthyostega
Acanthostega/ Ventastega
This cladogram illustrates the
Acanthostega
incremental advancement of Tetrapods over
Vantastega
tens of millions of years. But evolution is
never as linear as this diagram might suggest.
Elginerpeton
Tetrapods radiated in several directions
Elginerpeton
and most dramatically in a group known as
Elpistostege Tihlaotik
Temnospondyls. Over 100 million years of the
Tikaallk
Pandertchthys
Carboniferous Period, Permian Period and even
into the Triassic Period, these land-dwelling
Panderichthys
Eusthenopteron
vertebrates moved into terrestrial habitats in
Eusthenopteron
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ways the world had never before experienced. Warm lush swamps that covered large
swaths of North America and Europe were perfect breeding grounds for new types
of organisms. Some of them resembled large salamanders and others more closely
resembled crocodiles.
Some temnospondyls were purely aquatic while others were amphibious or terrestrial.
The terrestrial examples would have returned to water for egg laying. Some went into
marine environments that were already well populated with a diverse population of fishes,
including the largest predators on the planet. While some retained external gills and never
emerged from the water, others were largely terrestrial with strong limbs or even armor
plates that foreshadowed the great reptiles that would appear in the Mesozoic Era. Early
amphibians were relatively small, less than a foot in length. One advantage of smallness is
the use of cutaneous respiration, that is, the ability to absorb oxygen through their skin or
their mouth, whether in water or on land.
Temnospondyls were the likely progenitors of modern amphibians.
In the early Permian, about 295 mya, a more semi-aquatic tetrapod appeared known
as Eryops. One of the largest land animals at the time was 1.5 to 2.0 meters in length
weighing around 90 kg. Though still very fish-like, it had sturdy limbs front and back. Its
backbone was thicker and stronger than its predecessors, providing the strength needed
to lift its body off the ground. It is the oldest organism known to have ears and a hearing
system that worked in the Earth’s atmosphere. This subtle anatomical change clearly
indicates that it had transformed into a truly terrestrial form. Eryops was like today’s
alligators, stealth predators on the water’s edge, gulping its prey whole by grabbing it and
tossing it further back in its mouth in steps.
One splinter group had begun to lay eggs that were not so prone to drying. These
‘amniotes’ eggs had a special outer layer that conserved moisture and did not have to be
placed in water. This would become critical in the late Permian about 260 mya as climate
change reduced precipitation across much of the landscape providing fewer opportunities
for the more water-bound Tetrapods. Successful amniote organisms began to displace
other Tetrapods and set the stage for new life forms in the Triassic Period.
The Great Extinction at the Permian/Triassic boundary (about 252 mya) brought an
end to most of these pioneering Tetrapods as well as nine out of ten species on land and
sea across the globe. “The Great Dying,” as it is sometimes called, was the most serious
mass extinction event this planet has experienced. Amniotes were the Tetrapods whose
eventual lineages would spawn the great Tree of Life branches of vertebrates, reptiles,
mammals, dinosaurs, and birds.
Research in developmental genetics may provide clues of how such novel structures
as limbs with digits were possible by examination of modern animals. Certain Hox genes
control the appearance and differentiation of digits in Tetrapods. It is now known that these same genes control the
formation of the fin skeleton in primitive modern fishes like the Mud Skippers mentioned earlier. The implication is
that the occurrence of digits as a new phenomenon in Tetrapods was in fact reusing an old mechanism in a different
way. The action of these same genes is being studied in the tetrapod’s most primitive nearest living relatives, the
lungfish, and are giving some hints about how simple repurposing of existing pre-existing gene sequences enabled
fin blueprints and
mechanisms to expand the
formation of wrists and
digits.
New fossil
evidence reveals a range
of life cycles in early
amphibians and the fossil
beds relate these to the
environments in which
they lived. Lissamphibia
is the name given to the
stem group of organisms
that lead to modern day
amphibians. The exact
Eryops
origin is not settled but
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most paleontologists point to the Temnospondyls as their likely origin. Amphibian metamorphosis, as we think of it, is
described for this stem group. The broader group of Tetrapods did not experience the same lifestyle.
Amphibians lay eggs in water or very moist locations to avoid desiccation. Profound and rapid changes take place
to achieve the adult, terrestrial form. Larvae are mostly vegetarian while adults are carnivorous. Metabolic changes
accompany the changes in form. Other Tetrapods, including the Temnospondyls that laid eggs in water, produced
hatchlings that did not metamorphose and
looked just like miniature adults.
What advantage is there to have
an initial body plan and lifestyle, then trade
it in on a much different form as an adult?
One answer might be food. While adults are
enjoying the abundance of flying and crawling
insects on land, the youngsters feed in the
water, and avoid any competition with their
parents. Exploiting more food sources can
mean supporting more offspring and expanding
your population overall. But there is a cost to
this transformation. A great deal of energy is
required to rebuild a body. There can also be
vulnerability to predation while in between
stages. In the early evolution of this process,
adults would not have been adept hunters. The
only way this could work is that the terrestrial
food source was so abundant and easy to catch
that even a poor hunter would succeed.
The process of amphibian evolution
can be seen over an expanse of time along
the order of 70 million years as outlined here.
It began with lobe-finned fish diversification
(380 mya) along inter-tidal coastlines, riverine
systems, swamps, and other near-shore
habitats. Lung fish, taking advantage of higher
oxygen concentrations in the atmosphere,
furthered the advancement of fin to limb (372
mya). Aquatic Tetrapods displayed a weightbearing skeleton with a stiff spine, and welldeveloped pelvis and shoulders (360 mya).
Terrestrial Tetrapods with atmospheric inner ear
structures expanded into a variety of new forms
and sizes (358 mya). Well-articulated limbs with
flexible elbows, and forward-facing feet with
digits completes the transition on to land (340
mya).
Continental drift, climate change
and extinction events altered the course of
evolution along the way. Events occurred that
scaled back the expansion across the globe.
Red-eyed Treefrogs
Survival of Tetrapods was not inevitable.
The Lissamphibia origins of the three modern amphibian orders was established by 310 mya. This complex
process was only possible by a series of steps that in isolation show very little progress. When viewed across the geologic
span of the Devonian and Carboniferous eras, the sum of these steps is one of the most impressive events in the
evolution of life on earth. Beginning with one small step vertebrate life took a giant leap towards the world that we know
today.

Page 11

Ohio Wetlands Association
P.O. Box 360852
O
h i o W eOhio
tlan
ds Association
Columbus,
43236
P.O.
Box 3
www.OHwetlands.org
Amherst, Ohio 44001

PRSRT STD
US POSTAGE
PAID
PERMIT 94
AMHERST, OH

www.OHwetlands.org
Executive Committee

Mark Dilley
PWS, President &
Executive
Committee
Education
Committee
Chair
Mark
Dilley PWS,
President
&
Mick
Micacchion,
Vice
President &
Education
Committee
Chair
Policy
Committee
Mick
Micacchion,
ViceChair
President &
Policy Committee
Chair
Amelia
Harris, Secretary
Delores
Treasurer
&
TammyCole,
Miller,
Treasurer
Webmaster
Ray
Stewart, Secretary &
Directors
Communications
Committee
Kyle Bailey
Chair
Logan Dunn
Brett R. Joseph, Ph.D.

Directors
William Mitsch, Ph.D.
Amelia Harris
Michael
PeppePh. D.
Brett
R. Joseph,
Ric Queen
Robert
Kyle
Dale Reising
William
Mitsch, Ph.D.
Giovanna
Reising
Michael
Peppe
Ric Queen

Wetlands for a Better Ohio
Wetlands for a Better Ohio

Spring 2021 Issue

JOIN OR RENEW TODAY!
MEMBERSHIP
LEVELS
MEMBERSHIP
LEVELS
 Individual $20
 Family $30
 Student $10

 Organization $40
 Senior $10
 Business $50

DONATION: __________________________

January 2019 Issue

Time to renew your
OWA membership

2021
2019 SPONSORSHIP LEVELS
 Heron $100
 Bittern $500

 Rail $250
 Swan $1,000

TOTAL ENCLOSED: _________________________

NAME: _________________________________________________________________________
ADDRESS: _____________________________________________________________________
CITY: ___________________________________ STATE: _______ ZIP CODE: _____________
EMAIL: ________________________________________________________________________
PHONE: ________________________________________________________________________
 Yes, send me the newsletter electronically.
Please
make
check
payable
to OWA
and and
mailmail
to OWA,
P.O. PO
BoxBOX
360852
Columbus, Ohio
43236
Please
make
check
payable
to OWA
to OWA,
3, AMHERST,
OH 44001

