
Midwestern Holocene Paleoenvironments Revealed by 
Floodplain Deposits in Northeastern Iowa 

Pollen analysis of pond deposits in the upper reaches of a stream from northeastern 
Iowa, an area beyond the last glacial margin, provides a nearly complete record of 
vegetational changes during the last 12.5 thousand years. Sixty-one radiocarbon dates 
provide good chronological control. Spruce forest was replaced by deciduous forest 
before 9.1 thousand years ago, followed by prairie from 5.4 to 3.5 thousand years ago, 
and oak savanna from 3.5 thousand years ago until presettlement times. The prairie 
invasion was nearly 3 thousand years later here than at other sites in Iowa and 
Minnesota, documenting a late Holocene, rather than an early-middle Holocene, 
period of maximum warmth and dryness for the southern part of the upper Midwest. 

S ITES FOR LATE-GLACIAL AND HOLO- 
cene paleoecological studies are rare 
beyond the Wisconsinan glacial mar- 

gin in the upper Midwest. Lakes and bogs, 
the usual sources for fossil pollen data, 
are virmallp absent. Pack-rat middens, a 
fruitful source of paleoecological materials 
in the southwestern United States ( I ) ,  are 
not encountered in the Midwest. Sinkhole 
ponds that can provide pollen sequences in 
other areas of the country (2) are not 
present. As a result, few data on climatic 
change are available in this region, and many 
aspects of Holocene paleoclirnates are uncer- 
tain. 

We describe palynological data from de- 
posits along Roberts Creek in the Paleozoic 
Plateau (3) ("Driftless Area") of northeast- 
ern Iowa (Fig. 1). These deposits contain 
abundant, identifiable organic remains span- 
ning the last 12.5 thousand years and are 
within 8 km of the source (hence have local 
provenance). The topography of the Rob- 
erts Creek area is gently rolling, with a 
maximum local relief of about 30 m; there- 
fore, it is unlikely that such anomalous 
microhabitats as fir or pine on north-facing 
slopes and goat prairies on south-facing 
slopes (common in steeper parts of the 
plateau) have been contributing regionally 
anomalous fossils to the record. Little en- 
trenchment or valley-filling has occurred 
since late-glacial time, and only 2 to 3 m of 
late-glacial and Holocene alluvium underlies 
both the modern floodplain and low Holo- 
cene terraces. Organic preseniation is depen- 
dent on a consistently high water table, and 
the remains occur only along parts of the 
creek where the piezometric surface is near 
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the bed of the stream. 
Depositional environments of the depos- 

its include (i) beaver ponds (beaver-gnawed 
wood is abundant at 3 of the 42 sites 
examined, and one site contains a 10,700- 
year-old beaver dam constructed entirely of 
spruce); (ii) small oxbow lakes; and (iii) 
pool deposits between riffles. Thus the sites 
are more properly designated small-pond 
deposits, rather than alluvium, even though 
they occur in an alluvial setting. Pollen, 
vascular-plant macrofossils, bryophptes, in- 
sects, mollusks, and, in some cases, s m d  
vertebrates are preserved. Similar sediments 
have been reported from southwestern Wis- 
consin (4),  but no paleoecological work has 
been done on them. 

Pollen samples and wood for radiocarbon 
dating were dug from stream banks, placed 
in plastic bags, and returned to the labora- 
tory. Standard methods of processing with 
KOH, HCI, HF, and acetolysis solution (5) 
were augmented by screening with a 7-km 
sieve (6 ) ,  flotation with ZnC12, and treat- 
ment with 0.2% Clorox bleach (7). Pollen 
samples were mounted in silicone fluid 
(2000 centistokes), and pollen was identi- 
fied by comparison wirh the reference col- 
lection at the University of Iowa Geology 
Department. 

We obtained 61 radiocarbon dates, at 
least one for each site. Because 52 of the 
dates are on wood, which is considered to be 
the most reliable material to date, the chro- 
nology is probably better than those from 
most lake and bog sequences, where whole- 
sediment dates may yield spurious ages (8). 
Individual deposits ranged from about 10 to 
100 cm in thickness, and pollen analysis of 
several levels within sites revealed little or no 
change in pollen content from top to bot- 
tom. Multiple dates on five sites are in 
agreement to within k100 radiocarbon 
years and show that most deposits accumu- 
lated in 100 to 200 years. Pollen spectra 
from separate sites of the same age are 
similar. These observations indicate that 

each site represents a detailed view of the 
biota during essentially a point in time. 

The lower pollen zone dating from 12.5 
to 9.1 thousand years ago (ka) is dominated 
by spruce (Picea) and sedge (Cyperaceae) 
pollen, and black ash (Fraxinus nigra) and 
larch (Larix) are relatively abundant (Fig. 
2). Zone 2 (9.1 to 5.5 ka) records the 
dominance of pollen from deciduous trees, 
including elm (Ulnzus), oak (Quercus), iron- 
wood or blue beech (Ostuya-Carpinus), sugar 
maple (Acer saccharum), and hickory (Carya). 
In zone 3 (5.4 to 3.5 ka), pollen of ragweed 
(Ambrosia) and grasses (Gramineae), both 
nonarboreal elements, replaces tree pollen. 
Nonarboreal pollen (NAP) is much more 
abundant in this zone than arboreal pollen 
(AP). Zone 4 (3.5 to 0.15 ka) records the 
return of oak pollen to prominence, along 
wirh willow (Salix). The top zone, the post- 
settlement period, is dominated by ragweed 
and grass. 

Spruce, larch, and black ash were appar- 
ently the dominant late-glacial trees in the 
area. Both black spruce (Picea mariana) and 
white spruce (P. glauca) cones were recov- 
ered. Black spruce probably grew in wetter 
areas along wirh black ash and larch, where- 
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Fig. 1. Location map showing the Roberts Creek 
area, the vegetation dstribution, and the position 
of the Wisconsinan glacial maximum (------). Lo- 
carions of other sites shown are as follows: 1, 
Lake West Okoboji, Iowa; 2, Zuehl Farm, Iowa; 
3, Kirchner Marsh, Minnesota; 4, site of McDow- 
ell's alluvial study, Wisconsin; 5, Devils Lake, 
Wisconsin; and 6, four lakes and bogs near Madi- 
son, Wisconsin. 
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as white spruce was probably present both 
on dry parts of the floodplain and in upland 
areas. 

As climate became warmer, deciduous 
trees replaced the upland spruce forest, and 
mesic forest was present, probably with elm 
on the floodplain, oak and hickory on south- 
facing upland slopes, and maple, basswood, 
and ironwood in other upland areas. Spruce 
remained in wetland habitats until nearly 9 
ka, more than 1 ka later than the time of its 
regional disappearance from upland sites 
(9 ) .  

The duration of the deciduous forest at 
Roberts Creek is unlike that documented 
elsewhere in the upper Midwest, where prai- 
ries expanded eastward between 9 and 6 ka 
(9, 10) because of an increased presence of 
dry Pacific air (11). The warmest, driest part 
of the middle Holocene is thought to have 
occurred between 7 and 6 ka (12). In con- 
trast, the most mesic period of deciduous 
forest at Roberts Creek occurred between 7 
and 5.5 ka. Two hypotheses may account for 
this contrast. (i) A sharp climatic boundary 
may have developed between central and 
eastern Iowa. A comparable boundary in 
northwestern Minnesota is currently respon- 
sible for an abrupt ecotone, from prairie to 
savanna to deciduous forest to conifer hard- 
wood forest within a distance of 50 km (13). 
In northeastern Iowa, moist air from the 
Gulf of Mexico remained dominant in the 
middle Holocene at the same time that 
Pacific air was dominant to the north and 
west. (ii) Moist floodplains may have been 
able to support local mesic forests in north- 
eastern Iowa throughout the warmer, drier 
climatic conditions of the early-middle Ho- 
locene. The piezometric surface on the 
floodplain finally dropped sufficiently so 
that the surface became dry enough to allow 
prairie to replace the forest at 5.4 ka. 

The demise of this forest between 5.5 and 
5.4 ka indicates that a significant change 
occurred in the local environment. Such a 
sudden change from mesic to xeric vegeta- 
tion is difficult to explain solely on the basis 
of a change to warmer climate. The direct 
cause of this change may have been fire, 
although charcoal was not abnormally abun- 
dant in sediments of this age. Charcoal 
counts elsewhere suggest that Holocene 
fires were common in prairies (14), which 
were present in north-central Iowa between 
9 and 4.5 ka; maple-basswood forest (domi- 
nant at 5.5 ka at Roberts Creek) is suscepti- 
ble to fire (15). In addition, a drier climate 
after 5.4 ka would have increased fire sus- 
ceptibility. The relative importance of fire 
and climate in maintaining a prairie environ- 
ment after the demise of the forest is still 
uncertain. Abundant charcoal does occur in 
sediments dating from 4.8 and 2.8 ka. 
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Fig. 2. Pollen diagram compiled from 23 radiocarbon-dated sites along Roberts Creek. This analysis 
was conducted by C. A. Chumbley, 1986 to 1989. 

Although the change from mesic forest to 
prairie took place 2 to 3 ka later in northeast 
Iowa than at sites to the west and north, 
pollen records in south-central Wisconsin 
(Fig. 1) show a pattern similar to that at 
Roberts Creek. Two lake and two bog se- 
cjuences, all well dated, record a sudden 
decline in mesic forest elements (Ulmus, 
Acer, Tilia, and Ostrya-Carpinus) at about 5.5 
ka (16). However, at these sites, the mesic 
forest was replaced by a more xeric forest 
dominated by oak. Apparently prairie never 
reached as far east as south-central Wiscon- 
sin, but the change in forest type was toward 
warmer, drier conditions as at Roberts 
Creek. Thus the hypothesis that the late 
forest demise at Roberts Creek was due to 
local moist floodplain conditions can proba- 
bly be eliminated. The mid-Holocene prai- 
rie-forest border must have been between 
central and eastern Iowa sites and was much 
sharper in the southern Midwest than it was 
in presettlement times. A sharp climatic 
gradient was thus present in this region. 

The return of oak pollen after 3.5 ka 
signals the establishment of oak savanna in 
the area. Nonarboreal pollen remains abun- 
dant in deposits of this age and indicates 
that open ground was still common. The 
reestablishment of oak probably signaled a 
return to a wetter or cooler climate, a shift 
that is indicated in many Midwestern paleo- 
ecological records. The final vegetational 
change in the Roberts Creek basin was the 
establishment of ragweed and other weeds 
as a result of agricultural activities. This 
change was also widespread in northeastern 
North America. 

Deposits similar to those at Roberts 
Creek are known from southwest Wisconsin 

(17) and eastern and central Iowa. McDow- 
ell tied the alluvial chronology in the north- 
ern part of the "Driftless Area" to climatic 
change as deduced from pollen records 
available at the time. She concluded that a 
minimum in precipitation between 7.8 and 
5.7 ka corresponded with an episode of 
erosion, and that a rapid increase in precipi- 
tation between 5.7 and 5.5 ka was correlated 
with floodplain construction. The more 
complete Roberts Creek sequence indicates 
that moist climate prevailed between 7.8 
and 5.5 ka with little or no change in stream 
regimen. If these climatic conditions pre- 
vailed throughout northeastern Iowa and 
southern Wisconsin, the relation between 
climatic models and alluvial chronologies 
will need to be revised. 
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Transmembrane Helical Interactions and the no acid residues of TCR-a and TCR-p 

Assembly of the T Cell Receptor Complex transmembrane domains failed to allow re- 
constitution of surface expression of the 
TCR in a- or $-deficient T cells (6). It has 
been proposed that these charged amino NICHOLAS MANOLIOS, JUAN S. BONIFACINO, RICHARD D. KLAUSNER 
adds may be involved in assembly. 
These observations along with the high de- 

Studies of the subunit interactions of the multicomponent T cell antigen receptor gree of sequence conservation of these do- 
(TCR) revealed that spccific pairs of chains have the ability to assemble after mains between mouse and human suggest 
transfaction into fibroblasts. For one such pair, TCR-a and CD3-6, their ability to more specific structural information resides 
assanble was en& by their transmembrane domaim. The spccifiaty of this in the membrane-spanning regions than 
interaction suggats that well-ffied helical interactions in the membrane can explain merely the ability to sit in a lipid environ- 
the assembly of some multichb membrane complexes. ment. That the transmembrane domain of 

TCR-a contains specific sequence and struc- 

M ANY MEMBRANE PROTEINS EXIST brane and negotiate the hydrophobic lipid turd information is supported by the recent 
as part of multicomponent com- bilayer. The transmembrane domains of identification of this region as containing 
plexes (1). These range in com- each of the TCR subunits have the unusual information that causes targeting for rapid 

plexity from the homodimeric transferrin characteristic of possessing single (or in the degradation in the endoplasmic reticulum 
receptor to the T cell antigen receptor case of TCR-a, two) charged amino acids (7). In this study we demonstrate that the 
(TCR), which is comprised of at least seven (2). Mutation of the positively charged ami- transmembrane domains of the TCR-a and 
transmembrane subunits encoded by six dif- 
ferent genes (2). These complexes may be 
held together by either covalent (disulfide) Fig. ,. Assembly of TCR-a (a) 

NEPHGE - 
bonds or noncovalent interactions. Correct with CD~-6 (6). COS-1 cells were Antibody to TCR-a 

assembly is most likely required for h c -  couansfected (12) with expression h4, H* OH- H* OH- 

tion. To prevent the cell surface expression plasmids encoding: (A) full-length 

of unassembled subunits or partially assem- :Ei:z ~~~~~~~ ??''@& bled complexes, the cell imposes an effective cated T C R - ~  ladring 41 car- 
= + 

set of mechanisms that prevent the transport boxyl-terminal amino acid residues - * 
or survival or both of all but completely and m-length CD3-6; and (Dl -a * 
assembled complexes (3). Transmembrane TCR-a wh a truncated 29 

CD3-6 lacking 41 carboxyl-tenni- i -- - 
- ez6 

proteins can conveniently be divided into rial amino acid residues (13). rn la three domains; extracellular, membrane- ~t 48 hours after -fection, cells p u.6 EI a + ~  OF 
spanning, and intracellular. For proteins were mated for 16 hours with 5 4 
that cross the membrane once, these do- mMSOdiumbu~teandmetaboli- 

cally labeled for 2 hours at 37°C mains are arranged as unintem~ted seg- (14). C,-k were removed from the 
ments along the primary sequence. plates, solubilized with lysis buffer 

This is the situation for the seven chains containing 0.5% Triton X-100, and 
C 

of the TCR, which are all single membrane- supematants were added to anti- 
body beads (15). The immunopre- spanning proteins with their amino termini 
cipitated TcR ch.Lu were facing the external milieu (2). The external 
by pH gel domains of the TCR-a and TCR-P subunits electrophoresis (NEPHGE)/SDS- 

are responsible for antigen recognition (4) PAGE, as previously dexribed (2, 
whereas the cytoplasmic domain of 6 has 16). Panels (A) through (D) show imm 

been directly implicated in signal transduc- show the amount of total CD3-6 expressed in the same cells as analyzed by direct immunoprecipitation 
with antibodies to CD3-6. The inset in (B) shows total TCR-I, immunopmipitated with antibodies to 

tion (5)- The transmembrane TCR-I,. The itions of molecular welght (Mr) markers (kilodaltons) are indicated on the left. The 
domains of the TCR chains and other mem- positions of !&-a, CD3-6, and TCR-I, are indicated. In (B), the expected position of TCR-I, is 
brane proteins anchor them in the mem- marked by the o n arrow. In (C), the expected position of CD3-6 is shown by the open arrow. The 

s t just below arrowhead in (C) is not TCR-6, but a nonspecifc band. A truncated TCR-a lacking 
eu a,olo and Mmbh Bmch, Nation.l  transm membrane and cytoplasmic domains (TCR-at) hikd to assemble with CD3-6 (C). However, a 
of M d  8 4 t h  and Human Devclo ment, Nan0n.l truncated CD3-6 ladring the cytoplasmic domain assembled normally with full-length TCR-a (D). 
Insatutcs of Hcalth, Bethesda, MD 20!92. Truncated CD3-6 could not be directly assessed by immunoprecipitation. 
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