
425SEPT/OCT 2012—VOL. 67, NO. 5JOURNAL OF SOIL AND WATER CONSERVATION

Andrew S. Brainard was a graduate student at 
West Chester University and is now a gradu-
ate student at SUNY College of Environmental  
Science and Forestry in Syracuse, New York.  
G. Winfield Fairchild is a professor in the Depart-
ment of Biology, West Chester University, West 
Chester, Pennsylvania.

Sediment characteristics and accumulation 
rates in constructed ponds
A.S. Brainard and G.W. Fairchild

Abstract: Pond densities have increased rapidly during recent decades within the Brandywine 
Watershed, southeastern Pennsylvania. Sediments trapped by these ponds are prevented from 
impairing stream networks, but also reduce pond longevity and increase management costs. 
This study investigates spatial variation of sediment characteristics within ponds as a function 
of pond morphology and related variation in sediment accumulation rates among ponds to 
differences in pond size and watershed attributes. Increasing distance from shore was accom-
panied by decreasing sediment dry bulk density, decreasing percentage of sand, and increasing 
organic content; pond area-specific sediment accumulation rates and rates of area-specific 
organic matter sequestration declined with increasing pond size and were significantly higher 
among ponds with stream inflows. Sediment delivery rates per unit catchment area declined 
with increasing watershed size. Because excessive sediment loading is perhaps the most impor-
tant cause of stream impairment in many regions, the interception of sediments by ponds 
within stream networks may be of critical importance to downstream water quality. Results 
of this study also provide evidence that small, constructed ponds can be important tools for 
estimating sediment yield and stream-borne sediment transport within small catchments.
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Constructed ponds, built for varying pur-
poses and at different times in the past, 
are proliferating in many regions, yet 
their role in trapping sediments remains 
poorly understood. Although no ecologi-
cally based criteria definitively separate ponds 
from lakes and reservoirs, constructed ponds 
are generally recognized as small—Biggs et al. 
(2005) have suggested surface areas between 
1 m2 and 2 ha (10.8 ft2 and 4.9 ac) in area as a 
defining feature—and shallow, with sufficient 
light penetration to support widespread ben-
thic primary production (Søndergaard et al. 
2005). Ponds often elevate stream tempera-
tures during warmer months (Maxted et al. 
2005), alter nutrient chemistry (Rausch and 
Schreiber 1981; Fairchild and Velinksy 2006), 
and sometimes replace other land features 
of ecological value (Tiner 1989). Ponds also 
interfere with hydrologic connectivity and 
the movement of stream organisms (Santucci 
et al. 2005), although Jackson and Pringle 
(2010) have argued that such impoundments 
can sometimes lead to enhanced protection 
of threatened species.

One generally positive impact of con-
structed ponds is their role in retaining 
sediments that would otherwise impair 
stream networks. Sediment retention influ-
ences pond longevity and the costs of pond 
management and is one of the most impor-
tant descriptive features of an impoundment 
(Heinemann 1981). Sediment characteristics 
and distribution within ponds also influ-
ence aquatic biodiversity. However, perhaps 
because of their small size and relatively 
recent proliferation (Smith et al. 2002; 
Downing et al. 2006; Downing 2010), con-
structed ponds have received less attention 
than larger lakes and reservoirs in terms of 
their sediment properties and burial rates.

 Constructed ponds usually have catch-
ments that are commensurately smaller than 
those of larger water bodies. As catchment 
size increases, sediment yield per unit catch-
ment area typically declines, although the 
relationship may vary considerably depend-
ing on topographic features and land use 
(Renwick et al. 2005; de Vente et al. 2007). 
As a result, a large proportion of the sedi-
ment entering a pond from its catchment 

may originate near the pond itself (Hayes-
Bohanan 1989).

Sediments first arrive at the pond perim-
eter either as suspended stream inputs or as 
part of overland runoff. Bank erosion like-
wise generates sediment at the pond margin. 
Larger ponds usually have greater ratios of 
surface area/perimeter than smaller ponds 
(Fairchild et al. 2005) and are thus likely 
to receive less sediment per unit pond area 
(Downing et al. 2008). In addition, larger 
ponds often have relatively larger watersheds, 
with more drainage area potentially deliver-
ing sediment into these larger basins.

Once sediments have entered a pond, 
subsequent distribution largely depends on 
wind-generated currents and particle char-
acteristics (especially size and density). Sand 
typically is deposited relatively rapidly and is 
thus expected to predominate near the point 
of entry, whereas smaller silts and clays expe-
rience greater persistence within the water 
column and often reach deeper water fur-
ther from shore. Plankton particles generated 
within the pond itself should settle more 
slowly than denser sand grains and accumu-
late primarily in deeper water. Sediment dry 
bulk density (dBD), nutrient content, and 
organic matter (OM) are often correlated 
with sediment particle size.

 Sediment particle size distribution, partic-
ulate OM, and nutrient content are known 
to influence meiofaunal invertebrate richness 
and abundance (Bert et al. 2007) and the dis-
tribution of rooted macrophytes (Xie et al. 
2005). Macrophytes not only create habitat 
and resources for algal biofilms, invertebrates, 
and fish (DeClerck et al. 2005) but also 
reduce water movement, thereby increasing 
sediment deposition (Madsen et al. 2001). In 
effect, much of the pond community (Oertli 
et al. 2005) may depend on within-pond 
variation in sediment characteristics.

The estimation of annual sediment burial 
rate, when calculated for a time interval of 
several decades since a known date of pond 
construction, integrates short-term impacts 
of storm events that introduce large quanti-
ties of sediment (Mielke 1985), disturbance 
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associated with the construction process 
(e.g., initial bank erosion), and longer-term 
changes in land use within the watershed. 
As sediments fill in the original pond basin, 
particles brought into the pond or resus-
pended during storm events are increasingly 
lost via the outfall, such that the trap effi-
ciency of ponds in retaining sediment inputs 
is reduced (Rausch and Heinemann 1975; 
Verstraeten and Poesen 2001). Calculated 
rates of annual sediment burial may thus vary 
over time and among ponds of varying age. 
The calculation of burial rates is nonethe-
less needed by pond owners to predict pond 
lifespan and probable management costs and 
by land managers concerned with the degree 
to which ponds sequester sediments within 
stream-based watersheds.

Here, we describe the sediment character-
istics and accumulation rates in 10 ponds of 
known age in the Brandywine Watershed of 
southeast Pennsylvania. Cores were analyzed 
for sediment characteristics, and accumu-
lated sediment volume was determined 
by additional probing of sediment depth. 
First, we related within-pond variation in 
three sediment characteristics—dBD, sand  
(% sand), and OM—in relation to core loca-
tion; we hypothesized that sediments near 
shore would contain higher dBD and lower 
OM content than deeper sediments further 
from shore. We expected that sand content 
would decrease with increasing distance 
from shore.

Second, we related differences in annual 
sediment accumulation rates among ponds 
(as sediment volume and OM burial) to 
pond area, watershed size, and the presence 
or absence of a stream inflow. We hypoth-
esized that small ponds would experience 
greater rates of total sediment and OM 
accumulation per unit surface area than 
larger ponds. Sediment inputs are strongly 
dependent on shoreline extent and processes, 
whereas storage is distributed in proportion 
to area. Thus, as the ratio of area to perim-
eter increases with overall size in ponds of 
simple geometric shape (see above), accu-
mulation rates are expected to decrease. We 
further hypothesized that ponds with stream 
inflows would accumulate sediments more 
rapidly than ponds without inflows. Stream 
inflows are widely understood to be conduits 
of sediment movement, but to our knowl-
edge, the effect of stream inflow on sediment 
accumulation in ponds has not been docu-
mented. Finally, we hypothesized that larger 

watersheds would contribute less sediment 
per unit watershed area, owing to the inter-
ception of sediments in swales and rills (de 
Vente et al. 2007).

Materials and Methods
Study Area. The Brandywine Creek 
Watershed encompasses approximately 840 
km2 (324 mi2) of rolling piedmont in south-
eastern Pennsylvania and northern Delaware 
(figure 1). Two cities (Wilmington, Delaware 
and Coatesville, Pennsylvania) and sev-
eral smaller Pennsylvania boroughs (West 
Chester, Downingtown, and Parkesburg) 
currently form pockets of particularly high 
population density. Much of the eastern and 
southern portion of the watershed is subur-
ban with abundant residential land, whereas 
many of the more western and northern 
townships remain relatively rural. Population 
density has increased 6-fold, and pond abun-
dances approximately 18-fold, during the 
past 7 decades (one of us [G.W. Fairchild] has 
compiled a database of locations, areas, and 
approximate construction dates for ponds 
in the watershed). In-line impoundments, 

constructed primarily as sources of stream 
hydropower during the 1700s and 1800s 
(Walter and Merritts 2008), have since been 
increasingly replaced by ponds that receive 
less surface inflow.

Ten ponds were selected for study based 
on (a) small size (area <1 ha [<2.5 ac], con-
sistent with 96.8% of 1,815 water bodies 
identified within the Brandywine drainage 
system in 2005), (b) the presence or absence 
of a stream inflow (5 ponds received water 
from first-order streams, and 5 had no stream 
inflows), (c) a known construction date, and 
(d) a known management history (following 
consultation with the owners, ponds that had 
at any time been dredged, changed in size, or 
drained were excluded from the study).

Field Work and Geographic Information 
System Analysis. Each pond was sampled on 
a single day during May 2009 to July 2009, 
avoiding days that immediately followed rain 
events. Water depth and the depth of accu-
mulated sediment were first determined at 
33 to 46 locations (depending on pond area 
and shape) using a small two-person pram. 
Locations were visually positioned to form 

Figure 1 
Map of the Brandywine Creek Watershed, southeastern Pennsylvania and northern Delaware, 
showing the location of the 10 ponds studied (black circles), and population density (per km2). 
Light grey indicates population density < 100 km–2, medium grey represents intermediate  
population density (100 km–2 < population density < 1,000 km–2), and dark grey indicates popu-
lation density greater than 1,000 km–2. 
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a grid of regularly spaced measurements 
within each pond and recorded using a 
Trimble Pro-XR Global Positioning System 
(GPS) unit, with submeter accuracy. At 
each location, an extensible metal rod with 
a circular disc attached at one end was first 
lowered manually until the disk reached the 
current sediment surface and then inverted 
and pushed to the original pond bottom. The 
sediments were easily penetrated, and con-
tact with the compact parent soil beneath the 
accumulated sediment was apparent; replicate 
measurements were performed on infre-
quent occasions when initial depth estimates 
were uncertain. Sediment depth was calcu-
lated as the difference between the current 
and original pond depths (e.g., Newman et 
al. 2006). The GPS data were later exported 
to ArcGIS v. 9.3 for determination of cur-
rent and original water volumes, estimation 
of total sediment volume (by difference), 
and preparation of bathymetric maps using 
ArcView 3D Analyst.

The pond perimeter was recorded by 
attaching the GPS sensor to the end of a 
long boom and rowing around the edge of 
the pond with the sensor positioned over the 
shoreline. The GPS-produced polygon was 
exported to ArcGIS in order to calculate pond 
area. GPS points were edited as necessary, by 
comparison of the polygon with aerial pho-
tos, to compensate for the occasional presence 
of snags and overhanging branches.

Catchment area for each pond was com-
puted using the ArcGIS extension Spatial 
Analyst, utilizing 30 m (98 ft) digital eleva-
tion models. The raster-generated watersheds 
were converted to polygons and edited based 
on comparison with additional datalayers 
(e.g., streams, roads, and 1.5 m [5 ft] contour 
lines) to improve estimation accuracy.

Cores were obtained at 10 GPS-indexed 
locations within each pond, positioned visu-
ally in a grid pattern to represent the full 
range of variation in depth and distance from 
shore, using a handheld Wildco corer with a 
clear plastic inner sleeve (length 51 cm [20 
in], diameter 4.7 cm [1.9 in]). Following 
retrieval of each core to the pram, a plunger 
was slowly pushed upward inside the inner 
sleeve, first allowing the overlying water to 
escape and then capturing the sediments in a 
polybottle for later laboratory analyses. Core 
length was compared with sediment depths 
measured with the metal rod (see above) at 
the same location.

Sediment characteristics are known to 
change with increasing depth (Munsiri et 
al. 1995); the surface (S) layer is often more 
prone to resuspension and may have greater 
water content, than the mature (M) layer 
below. Thus, any failure to capture the entire 
sediment profile (reach the original pond 
bottom) could lead to inaccurate estimates of 
dBD, % sand, and OM as a percentage of dry 
mass (%OMm), owing to the excessive pro-
portional representation of the S sediment 
layer. For example, assuming a dBD of 0.3 g 
cm–3 (18.7 lb ft–3) within the S-layer of 10 cm 
(3.9 in) thickness, a mean dBD of 0.5 g cm–3 
(31.2 lb ft–3) within the M-layer beneath, and 
a restriction of a core to the top 20 cm (7.9 
in) of a 30 cm (11.8 in) sediment profile, the 
calculated dBD would be 0.4 g cm–3 (25.0 
lb ft–3) , underestimating the actual dBD of 
0.43 g cm–3 (26.8 lb ft–3) by 7.0%. Greater 
differentiation in dBD between the layers, 
or a smaller percentage capture of the total 
sediment depth in the core sample, would 
increase the extent of the error, whereas the 
presence of a thinner S-layer would reduce 
the impact of incomplete sampling.

Sediment Characteristics. Sediment core 
samples were fully mixed and then subsam-
pled for analysis of dBD, % sand, and OM 
content. Dry bulk density was determined 
as mass per volume (g cm–3) following dry-
ing of a known volume to constant mass 
at 105˚C (221˚F) (Horppila and Niemistö 
2008). Percentage of sand was determined as 
the fraction retained using a 0.06 mm sieve, 
oven dried (105˚C [221˚F]), weighed, and 
expressed relative to total dry mass.

OM content was expressed in two ways. 
First, %OMm was determined as loss-on-
ignition. The subsamples were crushed 
using a mortar and pestle (Heal et al. 2006) 
and combusted at 550˚C (1,022˚F) for 2.5 
hours, following Shuman (2003). Second, 
organic content was reexpressed per unit 
sediment volume in each core (OMv [mg 
cm–3] = %OMm × dBD) following Dean and 
Gorham (1998).

Sediment Accumulation Rates. Two vari-
ables were chosen to describe differences in 
the quantity of total accumulated sediment 
among ponds: sediment volume (m3) and 
total OM burial (kg). Organic storage was 
computed by first multiplying sediment vol-
ume by OMv.

Sediment volume was first divided by pond 
age and then further divided by pond area to 
determine sediment accumulation rates per 

area of pond (SARP) following Downing et al. 
(2008). Similarly, dividing annual accumula-
tion rates by watershed area (SARW) provided 
estimates of sediment delivery rates per water-
shed area (Verstraeten and Poesen 2002a).

Annual rates of OM burial per unit pond 
area (OMBp) were computed by first divid-
ing organic storage by pond age and then by 
pond area and dividing annual rates of OM 
burial by catchment area (OMBw).

Finally, vertical accumulation rate (VAR 
[cm y–1]) was determined at all core and 
probe locations. Mean VAR for each pond 
was calculated by averaging the core and 
probe estimates. 

Statistical Analysis. Data were analyzed 
using SPSS (version 17.0), with significance 
set at p < 0.05. Analyses are grouped below 
for evaluating (a) variation in sediment char-
acteristics within ponds, and (b) variation 
in sediment volume and OM accumulation 
rates among ponds. 

Dry bulk density was related to %OMm 
using the function dBD = a(%OMm)b, fol-
lowing Dean and Gorham (1998). Separate 
analyses of covariance (ANCOVA) were 
then performed to determine effects of pond 
identity (included as a random factor and 
primarily representing catchment influences 
on sediment characteristics) and distance 
from shore (included as a covariate) on the 
three dependent variables: dBD, % sand, and 
%OMm. Significance was evaluated using 
Type III sums of squares.

Variation in OMv was related to VAR 
(considered as a covariate) and the presence/
absence of a stream inflow using a nested 
ANCOVA model. Pond identity was nested 
within the presence/absence of an inflow.

Among-pond differences in sediment 
accumulation rate and OM storage per unit 
pond area (SARP and OMBP) were also 
evaluated using ANCOVA, with pond area 
considered as a covariate and the presence/
absence of a stream inflow included as a 
fixed factor in each model. Likewise, differ-
ences in sediment and OM delivery per unit 
catchment area (SARW and OMBW) were 
evaluated using ANCOVA, with catchment 
area as a covariate and presence/absence of a 
stream inflow as a fixed factor.

Results and Discussion
Seven of the 10 ponds were classified as 
farm ponds based on current surrounding 
land use; 3 were considered residential (table 
1). Ages varied from 21 to 60 years at the 
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time of sampling. Pond areas (As ) varied by 
approximately an order of magnitude, from 
0.05 to 0.5 ha (0.12 to 1.2 ac); catchment 
area also varied widely (2 to 47 ha [5 to 116 
ac]) and was uncorrelated with pond area  
(r = –0.02). Mean depths ranged from 0.6 to 
1.2 m (1.97 to 3.9 ft). The portion of original 
water volume occupied by sediments varied 
from 14% to 53% at the time of sampling.

Variation in Sediment Characteristics 
within Ponds. Results of the ANCOVA 
model used to evaluate effects of pond 
morphology on each of the three sedi-
ment characteristics are shown in table 2. 
With increasing distance from shore, dBD 
and % sand decreased, whereas %OMm 
increased. The random factor “pond” sig-
nificantly affected sediment characteristics 
in all ANCOVA models, indicating that 
other pond attributes, presumably related 
to their catchment features, accounted for a 
substantial portion of total variation in sedi-
ment characteristics.

The three variables used to describe sedi-
ment content (dBD, % sand, and %OMm) 
were all intercorrelated (p < 0.001). Dry bulk 
density and %OMm were inversely related 
(figure 2a), as also shown in previous work 
(Menounos 1997; Dean and Gorham 1998). 
As shown by Dean and Gorham (1998), 
because dBD and %OMm are inversely 
related (the exponent in the equation dBD = 
4.27(%OMm)–1.084 was very nearly –1 in our 
study), multiplying %OMm by dBD may pro-
duce surprisingly consistent estimates of OM 
expressed per unit sediment volume (OMv 

Table 3
Nested ANOVA analysis, with organic content (expressed per unit sediment volume) as the de-
pendent variable, vertical accumulation rate (cm y–1) as a covariate, and “pond” nested within 
the fixed factor inflow. Significant p-values are shown in bold.

Dependent Independent Type III
Variable Variable SS Df F p

OMv VAR 41.46 1 1.62 0.206
	 Inflow	 2,585.50	 1	 16.22	 0.003
	 Pond	(Inflow)	 1,552.70	 8	 7.59	 < 0.001
Notes:	Type	III	SS	=	Type	III	sums	of	squares.	Df	=	degrees	of	freedom.	F	=	F-test	statistic.

[mg cm–3]). Organic matter content of the 
cores was significantly greater in ponds with 
stream inflows (p = 0.003) but was unaf-
fected by vertical accumulation rate at the 
core location (figure 2b, table 3).

Although the relationship of dBD to 
%OMm (figure 2a) and the evaluation of 

Table 1
Morphometric and watershed characteristics of the 10 ponds, classified as farm (F) or residential (R) ponds based on surrounding land use:  
current pond area (A

p
) and catchment area (A

w
), the presence/absence of a stream inflow, age at the time of sampling in 2009, current volume and 

mean depth (MD), the average total sediment thickness at core locations (the average percentage recovery of the 10 cores in parentheses*), the 
percentage of the original pond volume (assuming no change in water level over time) filled in with sediment (% FI), and the vertical accumulation 
rate (VAR).

        Sediment
Pond Pond Ap Aw	 Inflow	 Age	 Volume	 MD	 thickness	 	 VAR
ID	 type	 (ha)	 (ha)	 (Y/N)	 (y)	 (m3)	 (m)	 (cm)	 %	FI	 (cm	y–1)

CU	 R	 0.34	 27.3	 Y	 42	 2,817	 0.82	 63.4	(45%)	 39.0	 1.51
EF	 R	 0.39	 16.2	 N	 56	 4,068	 1.03	 30.3	(71%)	 16.8	 0.54
GA	 F	 0.50	 5.9	 N	 60	 3,514	 0.70	 43.1	(70%)	 31.3	 0.72
HE	 F	 0.26	 13.0	 Y	 25	 2,165	 0.84	 45.6	(55%)	 31.1	 1.82
KA	 R	 0.05	 16.5	 Y	 44	 366	 0.81	 133.2	(21%)	 53.4	 3.03
LY	 F	 0.18	 10.5	 N	 22	 1,591	 0.89	 33.4	(72%)	 20.2	 1.52
MC	 F	 0.53	 47.2	 Y	 46	 5,620	 1.07	 58.6	(39%)	 28.8	 1.28
MO	 F	 0.24	 17.3	 Y	 48	 1,456	 0.62	 72.8	(31%)	 46.2	 1.52
OD	 F	 0.21	 14.8	 N	 21	 1,406	 0.68	 43.5	(49%)	 30.4	 2.07
SC	 F	 0.53	 1.8	 N	 42	 6,181	 1.17	 32.5	(61%)	 14.3	 0.77
*	Percentage	recovery	of	the	total	sediment	thickness	at	core	locations	within	a	pond	deviated	from	100%	due	to	the	length	of	the	coring	device	
used.	The	impacts	of	incomplete	capture	of	the	total	sediment	depth	are	highlighted	in	“Field	Work	and	Geographic	Information	System	Analysis.”

Table 2
Effects of distance from shore (DFS) and the random factor “pond” on variation in sediment 
characteristics (dry bulk density [dBD], sand content [% sand], and organic content [%OM

m
]) 

within ponds, based on ANCOVA. Organic content was arcsine transformed prior to analysis. 
Significant p-values are shown in bold.

Dependent Independent Type III
variable variable SS Df F p

dBD	 DFS	 0.11	 1	 5.51	 0.021
	 Pond	 0.54	 9	 3.01	 0.004
%OMm	 DFS	 0.02	 1	 6.63	 0.012
	 Pond	 0.06	 9	 2.55	 0.012
%	sand	 DFS	 0.46	 1	 14.80	 < 0.001
	 Pond	 1.39	 9	 4.94	 < 0.001
Notes:	Type	III	SS	=	Type	III	sums	of	squares.	Df	=	degrees	of	freedom.	F	=	F-test	statistic.

OMv (figure 2b) both show clear separation 
of cores from ponds with vs. without stream 
inflows, the reasons for the patterns are much 
less clear. Part of the explanation may involve 
the ability of streams to transport larger par-
ticles to ponds than overland flow or the 
tendency of ponds with inflows to selec-
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Figure 2 
(a) Curvi-linear relationship between dry bulk density (dBD [g cm–3]) and organic content  
(expressed as percentage of dry mass). dBD = 4.266(%OM

m
)–1.084. (b) Relationship of organic 

content (OM
v
 [mg cm–3]) to vertical accumulation rate (VAR) in cores from ponds with inflows 

(open circles) and ponds without inflows (closed circles). Inflow = 40.46 + 1.16 (VAR) and 
no inflow = 27.4 + 2.35 (VAR).
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tively export smaller particles from ponds 
via the outfall during precipitation events, 
thereby elevating dBD. Alternatively, stream 
inflows may increase OM either by supply-
ing additional refractory organic material of 
terrestrial origin (Cole et al. 2007) or by aug-
menting nutrient concentrations and thus 
boosting production by algae and aquatic 
plants. Impacts of streams on rates of OM 
burial rates are considered below.

Variation in Sediment Accumulation Rates 
among Ponds. Sediment accumulation rates, 
when expressed per unit pond area (SARP), 
declined with increasing pond size (figure 
3), indicating that large ponds accumulated 
less sediment per unit area than small ponds 
(F = 19.634; p = 0.003), and were signifi-
cantly greater in ponds with stream inflows 
(F = 7.488; p = 0.029). These two indepen-
dent variables together accounted for 83.6% 

of variation in SARp. Because ponds with 
inflows typically had larger watersheds (mean 
Aw = 24.3 ha [60 ac]) than ponds without 
inflows (mean Aw = 9.8 ha [24.2 ac]), there 
was concern that watershed area rather than 
stream inflow per se might be the cause of 
elevated SARp values. However, Aw did not 
significantly affect SARp when added to the 
ANCOVA model (p = 0.87) or when related 
directly to SARp using simple linear regres-
sion (p = 0.62) based on this admittedly 
small dataset. Both pond area and the pres-
ence/absence of a stream inflow are relatively 
easily determined using existing GIS data 
layers, making it possible to infer aggregate 
sediment retention by many ponds at the 
landscape level.

One important result of greater sediment 
accumulation rates in ponds with influent 
streams is the likely increased pond man-
agement costs they require and a decline in 
lifespan (Boothby and Hull 1997; Downing 
2010). Pond owners rarely plan for the even-
tuality of sediment in-filling and are often 
poorly prepared to shoulder the financial costs 
of dredging when it becomes necessary. Ponds 
are often drained and replaced with other 
land uses as a consequence (Hull 1997).

Sediment yields, expressed as accumula-
tion per unit watershed area, decreased with 
increasing catchment size (F = 12.819; p = 
0.009). Our data are compared with esti-
mates of watershed-specific accumulation 
rates in ponds by Hayes-Bohanan (1989) 
and Verstraeten and Poesen (2002a) in fig-
ure 4. Hayes-Bohanan (1989) studied the 
sediment capture by 32 ponds within the 
larger watershed of Miami Whitewater Lake, 
Hamilton County, Ohio; the catchments of 
many of these ponds were smaller than those 
of the present study and consisted largely of 
residential, pasture, and wooded land. The 21 
ponds summarized by Verstraeten and Poesen 
(2002a) typically had larger catchments than 
in the present study; pond areas and land-
use data were not provided. Taken together, 
the three studies support the view that the 
decline in watershed-specific sediment accu-
mulation with increasing catchment area in 
larger lakes and reservoirs (Downing et al. 
2008) is also observed in small ponds.

Burial rates of OM per unit pond area in 
this study, like overall sediment accumulation 
rates, declined with increasing pond area (fig-
ure 5a; table 4); likewise, OM burial per unit 
catchment area decreased with increasing 
catchment size (figure 5b; table 4). Because 
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freshwaters are increasingly understood to be 
important organic carbon sinks (Tranvik et 
al. 2009) and because the number of stud-
ies describing carbon burial in ponds remains 
small, estimates of OM contained in the pond 
sediments studied here are extrapolated to 
estimate rates of organic carbon (OC) burial. 
Although OC was not measured directly, it 
is sometimes assumed to be a fixed propor-
tion of OM; OC burial in the 10 ponds is 
compared to previous studies summarized by 
Downing et al. (2008), using their estimate 
of OC ÷ OM = 0.47. The decline in the 
OC/m2 ratio with increasing pond area in 
this study is consistent with similar declines 
in previously cited work; when extended to 
the present size range of 0.05 to 0.5 ha (0.12 
to 1.2 ac), the ponds most closely resembled 
predictions for eutrophic water bodies but 
experienced much lower burial rates than in 
the 40 agricultural impoundments studied 
by Downing et al. (2008).

Ponds accumulate sediments at varying 
rates that can be related to sediment yield 
within their catchments. Sediment sampling 
in ponds of known age can provide a useful, 
low-cost alternative to other approaches (e.g., 
hydrologic modeling or automated measure-
ments of suspended solids) for estimating 
sediment loading to streams. Procedural 
details and caveats associated with the use 
of ponds to monitor sediment delivery rates 
in small catchments are provided in a series 
of papers by Verstraeten and Poesen (2001, 
2002a, 2002b).

Summary and Conclusions
Constructed ponds are increasingly seques-
tering sediments with associated OM in 
many regions but, perhaps because of their 
small size, have received little research atten-
tion. This study evaluates the effects of pond 
morphology on sediment characteristics 
known to influence the distribution of pond 
organisms and estimates the influence of 
pond and local catchment features on sedi-
ment accumulation rates.

We found that OM sequestration, whether 
expressed as concentrations within the 
sediments or as annual burial rates, was signifi-
cantly elevated in ponds that were connected 
to headwater streams. Area-specific sediment 
accumulation rates increased with decreasing 
pond size, emphasizing the need to include 
small water bodies in future research.

As expected from studies of larger systems, 
the presence of a stream inflow was shown 

Figure 3 
Relationship between pond area-specific volume sediment accumulation rate (SARP)  
and pond area. Ponds with inflows are shown with open circles (dashed regression line),  
and isolated ponds are represented by closed circles (solid regression line). SAR

P INFLOW
 = 

202.401 – 227.212 (Area); SAR
P NO INFLOW

 = 158.9 – 228.725 (Area).
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Figure 4
Comparison of watershed area-specific sediment volume accumulation rates (SAR

W
) in 10  

ponds (current study) with water bodies studied by Hayes-Bohanan (1989) and Verstraeten and 
Poesen (2002a). Log

10
(SAR

W
) = 1.087 – 0.407 Log

10
(Watershed Size); p < 0.001, (r2 = 0.603).
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Figure 5 
(a) Relationship between pond area-specific organic matter accumulation (OMB

P
) and pond 

area. Inflow ponds are represented with open circles (dashed regression line) and isolated 
ponds by closed circles (solid regression line). OMB

P INFLOW
 = 9,608.1 – 11,935.8 (Area);  

p = 0.017 (r2 = 0.887). OMB
P NO INFLOW

 = 5,723.6 – 8,326.4 (Area); p = 0.154 (r2 = 0.545).  
(b) Relationship between watershed area-specific organic matter accumulation (OMB

W
) and 

watershed area. Inflow ponds are represented with open circles and isolated ponds by closed 
circles. Log

10
(OMB

W
) = 2.87 – 0.79 Log

10
(Watershed); p = 0.006 (r2 = 0.629).
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to increase sediment accumulation and 
thus reduce pond longevity, an important 
consideration for landowners, watershed 
managers, and conservation organiza-
tions. Because pond size and the presence/
absence of an inflow together accounted for 

83.6% of explained variation in sediment 
volume accumulation and are typically 
available as GIS datalayers, landscape-level 
sediment accumulation by multiple ponds 
may thus be estimated.

Finally, sediment accumulation within 
ponds may be an accurate alternative to 
sediment export modeling as a means of 
estimating sediment delivery to streams. 
This study thus highlights the role of ponds 
in both assessing and reducing sediment 
impairment of stream habitats.
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