Salamander’s Hefty Role in the Forest
by Richard Conniff
April 7, 2014 – If someone asked you to name the top predator in North American forests, you might think of bears, or maybe great horned owls.  But here’s another answer to think about: woodland salamanders.
These skittish, slippery amphibians literally live under a rock, or a log, or any convenient dark and damp forest habitat.  As apex predators go, they are mainly small, a few inches long and weighing well under an ounce.
But they are hugely abundant — and very hungry.  On an average day, a salamander eats 20 ants of all sizes, 2 fly or beetle larvae, one adult beetle and half of an insect called the springtail.  In doing so, they collectively affect the entire course of life in the forest — and perhaps far beyond.
According to a new study in the journal Ecosphere, salamanders play a significant role in the global carbon cycle.  If flatulent cattle are among the black hats of climate change (the livestock industry emits 14.5% of human-associated greenhouse gases), then salamanders may just be the white hats, helping to stave off climate disaster.  If no one has noticed this before, well, this is how it goes when you live under a rock.
The study — by Hartwell H. Welsh Jr., a herpetologist at the United States Forest Service’s research station in Arcata, Calif., and Michael L. Best, now at the College of the Redwoods in Eureka, Calif.  — notes that salamanders’ prey consists almost entirely of “shredding invertebrates,” bugs that spend their lives ripping leaves to little bits and eating them.
Leaf litter from deciduous trees is on average 47.5% carbon, which tends to be released into the atmosphere, along with methane, when the shredding invertebrates shred and eat them.
If there aren’t as many shredders at work and the leaves remain in place, uneaten, they are covered by other leaves, “like being trapped under a wet blanket,” as Dr. Welsh put it.  The anaerobic environment under those layers preserves the carbon until it can be captured by the soil, a process called humification.
At least in theory, having more salamanders in a forest should mean fewer shredding invertebrates and more carbon safely locked underground.  The researchers tested this theory in a forest in northwestern California, laying out a series of 16-square-foot enclosures, like containers for raised-bed gardens.
Some of the enclosures had salamanders, others didn’t.  Each enclosure was joined to its neighbors by low, screened openings, so invertebrates could move freely back and forth, but the salamanders had to remain in their enclosures.
The presence of salamanders resulted in a significant decrease in shredders: fly and beetle larvae, adult beetles and springtails.  In the plots with no salamanders there were more shredders, and they consumed about 13% more of the leaf litter.  Almost half of that lost weight was carbon, released into the atmosphere.
“It’s more than just a curious phenomenon,” Dr. Welsh said.  “It’s real.”
The authors calculate that woodland salamanders, at the density in their study, would send 179 pounds of carbon per acre of forest down into the soil, rather than up into the atmosphere.  Extrapolated to the huge numbers of woodland salamanders and other predators working in the leaf litter of forests around the world, that is enough to affect global climate.
Another factor is that many salamanders have no lungs.  About 70% of all salamanders belong to a single family, the Plethodontidae, which in effect breathe through their skin.  (A pulsing flap of skin under their throats, called the gular fold, lets in just enough air for a sense of smell.)
The process requires much less energy than breathing with lungs, enabling salamanders to “be really small and exploit really tiny things that are not calorically sufficient for birds or mammals,” said John C. Maerz, a salamander specialist at the University of Georgia who was not involved in the Ecosphere study.  While humans, with their relentless metabolism, burn off most of what they eat, salamanders store large amounts of carbon, nitrogen and other nutrients in their own bodies, or in the form of abundant offspring.This low-key lifestyle makes them the hidden masters of the forest — “the vacuum cleaners of the forest floor,” as Dr. Maerz put it.
But he and the Ecosphere authors do not entirely agree about what that means for the larger significance of salamanders.
Dr. Maerz thinks the effect on the carbon cycle may apply in wet conditions, but not when the weather is too dry for humification.  He also worries about trying to apply what happens “in these little square meters” on a larger scale.  His own studies have demonstrated that stable isotopes of carbon and nitrogen in leaves end up, via shredding invertebrates, stored away in the flesh of salamanders — like “a standing crop of nutrients,” he said.  But climate heroes?  Dr. Maerz prefers to think of them simply as a dominant driver of the forest energy cycle.
Shahid Naeem, an ecologist and climate scientist at Columbia University, agreed that “temperature, rain and other nonbiological factors probably explain more about the carbon cycle than salamanders.”
But he added:  “What’s nice about the study is the elegant quantification of how a change in a food web has consequences — something a lot of people know when it comes to the big, visible species, but not when it comes to the smaller, less visible, ones.  Lose the salamanders, and there are effects that ripple through the system.”
The notion of losing something as abundant as salamanders is not all that far-fetched.  Another new study, in the journal Global Change Biology, compares present-day salamanders with some of the 180,000 specimens collected across the United States by the herpetologist Richard Highton, now retired from the University of Maryland.  Dr. Highton, who began collecting in 1957, thought he saw a decrease in salamander size and abundance beginning about 1980.
When Karen R. Lips, an amphibian specialist, came to the University of Maryland a few years ago, she decided to follow up that hunch.  She and colleagues revisited many of Dr. Highton’s research sites, concentrating on relatively unchanged habitat in national parks and forests from Tennessee to Maryland.  Their results showed that salamanders had shrunk in size by 8% in 55 years — about 1% per generation.
That is “one of the largest and fastest rates of change ever recorded in any animal,” Dr. Lips said.  Worse, salamanders were disappearing; even the abundant and widely distributed red-backed salamander was often absent.
Dr. Lips, who had done pioneering research on the chytrid fungus pandemic devastating frog species, thought at first that it might be spreading to salamanders.  But her team found almost no trace of chytrid in the salamanders they collected, nor could they attribute the changes to logging, acid rain, or over-collecting by biologists.
Instead, the study concludes that salamanders, which were mostly small to start with, are becoming even smaller ,as a way to adapt to warmer weather and reduced rainfall.  If so, they may well rank as both heroes and victims in the fight against climate change — with unknown consequences for the fate of the forests themselves.
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