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Introduction

Pollen Analysis

O

Provides insights into past ecosystem communities
m Typically limited to genus level, sometimes only family
level, occasionally species is possible
Wetland sediments preserve pollen due to anoxic
nature
Difference between wind- and insect-pollinated plants
B Some pine family pollen have air bladders or
sacci, may travel up to 3,000 km (campbell, et al. 1999)
Ragweed pollen increase linked to arrival of early
colonial settlers and landscape disturbance, commonly

used as a stratigraphic marker for deforestation (Brush,
1984; McAndrews, 1988)

Ragweed (Ambrosia) pollen
from sample site



Vernal Pools

Seasonal wetlands - inundated winter/spring, dry in
summer/fall
Habitat for salamanders and frogs who rely on these
pools for reproduction
Glen Forney Vernals Natural Heritage Area, Michaux
State Forest
Form as local topographic depressions
o Regionally located at the geologic boundary
between the metasedimentary rocks of South
Mountain and the carbonate bedrock of the
Cumberland Valley
o Sometimes form in leftover man-made
depressions

Study site - vernal pool at
Glen Forney Vernals
Natural Heritage Area,
Michaux State Forest



Research Questions

1. Did the Glen Forney vernal pools in Michaux SF form naturally or are they
byproducts of the booming 1800s iron industry (iron ore pits)

2. How did widespread deforestation during 1800s deforestation alter the
local ecosystem?

PENNSYLVANIA

Michaux State Forest




Regional Deforestation in 1800s
e Vast swaths of PA forests cleared - A single ironworks cleared up to an acre of trees
daily to create charcoal to fuel iron production (Thomas 1985)
o Accompanying sawmills, forges, settlers increased need for wood
o Logging practices were reckless: clear-cutting was common, woody debris
o Timber industry cleared additional acres
e Sediment accumulation rate at 4,000 sites in North America increased 10x after
European colonization and its associated activities, including deforestation and
agricultural intensification (Kemp, et al. 2020)

Photo courtesy of the Pennsylvania Department of Conservation and Natural Resources
A deforested area Big Pocono, in Monroe County, in 1922
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Methods Overview

o~

~N o

. Find a vernal pool that seems likely to be

natural in origin - Glen Forney Vernals
Natural Area

Collect core

Process pollen samples @ USGS Lab

Send 2 samples for radiocarbon dating
Create age-depth model using calibrated
radiocarbon dates and other estimated dates
|dentify pollen with light microscope

Plot change % abundance over time

USGS pollen lab technician
and pollen vial



Sample Collection

Sediment sampling in August 2023 with Universal Corer; sampled to 0.87 m depth; core compacted to 0.44 m




Sample Processing

e USGS Pollen Lab
o Extrude core into 1cmintervals
o Pollen samples: 1 cm?3 sample from each layer
= 43 samples
m  Apply series of strong acids and bases to
remove most organics, carbonates, and
silicates, wash w/ distilled water between
m Centrifuge to concentrate sample
m Sieve, stain, swirl, mount on slide
o ID pollen with light microscope based on
various pollen keys for N. American pollen
e Radiocarbon dating of macrobotanical fraction of
bottom and mid-level sample (sent to lab - Separating 1 cubic cm pollen

DirectAMS) sample from extruded 1 cm disc




Calibrate Radiocarbon Results and
Make Age Model

Age-Depth Model

Four dates used for age model; Calibrated radiocarbon date ranges and adjusted dates with trendiine
1. Surface sample = 2023 240
2. “Ag horizon” (ragweed peak) = o0 @ g o
assumed early 1800s - T
3. Mid-sample = calibrated radiocarbon -
date 1635-1802 (92% probability) .
4. Bottom sample = calibrated :
radiocarbon date 805-899 BC (95% -
probability) P W
Plot dates in Excel and add trendline Dol s 50

@ High estimate calibrated date A Low estimate calibrated date Adjusted date Polynomial trendline of adjusted dates; R?=1



Results (abbreviated)



Natural vernal pool formation?

e Yes; bottom sample ~3,000 years old, predating
iron ore industry

e Radiocarbon lab stated results have high
confidence and the samples seemed undisturbed

Actual age likely older — limited sample depth due to limited funding and scope of
study. Probably around the same age as other regional sites, ~15,000 years old



Results: Dominant Taxa Observed

Percent Abundance of Major Taxa

Oak (30-47%) and pine (6-
14%)
o wind-pollinated taxa

tend to dominate, so not
a 1:1 representation of
plant cover

Maple, birch, and pine

increased since 1800s while

oak decreased.

Fifty minor taxa made up

remaining abundance
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Oak

By the far the most abundant (30-47%)
o Average 40%
Peaked in abundance 400 BC to 500 AD
Decreased in 1800s and remained at 30% for
top two samples
o Global oak decline: many areas worldwide
report decline in oaks in recent years moorenea

and Douce 2019; Varner, etal. 2016)

o Potentially linked to modern fire
suppression management which selects for
shade-tolerant, fire-intolerant species such
as maples and beech wamereta 206)

Similar abundance to other regional studies




Results: Select Minor Taxa Observed

Percent Abundance of Select Minor Taxa
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Ragweed

e Abundance strongly . Ambrosia %
correlated to human . .
disturbance of landscape w1 .

e Peaked in 1800s, likely due 661 s
to deforestation (3x more 1118 05
than average abundance) 512 05

e Prior to European 397 00
settlement, remained below 859 08
1 o/o Average 1.5




Water lily

Water lily (Nuphar lutea -
yellow pond lily) pollen
present from 400 BC to
1800s AD
Insect-pollinated
Floating-leaved aquatic
plant

Long-lived, clonal habitat,
submerged rhizomes
Flowers after ~3 years
Needs water at least 1 ft
deep

(Barrat-Segretain 1996)

Time
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abundance
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Increase in Sedimentation Rate

e Sample halfway through core was only ~350 T Present

years old
o Average 0.127 cm/yr sedimentation rate in
upper half of core

~350 years

e Bottom sample ~2,850 years old ~1680 AD

o Average 0.017 cm/yr sedimentation rate in
lower half of core
e Sevenfold increase in sedimentation rate

2500+ years

correlating to deforestation activities

~850 BC



Main Conclusions

Glen Forney vernal pond is a natural formation at
least ~3,000 years old
Oak, pine, maple, and birch pollen most abundant
o Similar abundance to other regional ponds
o 15% decline in average oak abundance in last
200 years correlates with known global and
regional oak decline
Shift from perennial to seasonal pond

. o Nuphar lutea. Image by
o Water lily pollen key indicator Christophe Bornand.

o Change in sedimentation rate influenced by
deforestation rate filled in pond

o Other modifications to local hydrology during
1800s, including re-routing local streams,
installing mills and dams



Going Forward

Questions raised

o How many other vernal ponds in this
landscape may have been perennial before
1800s?

o Are these vernal ponds only providing
marginal habitat for native amphibians?
Seasonal nature and lack of aquatic
vegetation are relatively new occurrences

) . ) ) Eastern Newt. Photo courtesy of Sue
Analysis being further refined with the help of Dr. Wetmore/iNaturalist CC BY-NC.

Willard from USGS Palynology Lab with the hopes of
eventually publishing in peer-reviewed journal



Ties to Other Local Research

Green Cabin prehistoric quarry
site (Kris Montgomery)

Overlapping time scale with
Green Cabin Trench 1,1 and
Trench 1, 2

When quarry was active, local
hydrology may have been
different, supported by Glen
Forney vernal pool results
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