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Introduction

Quantifying the magnitude of carbon sources and sinks is an important aspect of understanding 

global patterns of carbon cycling and the impacts of climate change. Recent research highlights 

the important role that freshwaters (e.g. lakes and ponds) play in carbon cycling (Cole et al. 

2007). Supported by terrestrial inputs of carbon, these freshwater ecosystems are predominantly 

net sources of CO2 to the atmosphere similar in magnitude to the CO2 uptake of the world’s 

oceans (Tranvik et al. 2009). These terrestrial subsides of organic carbon also have important 

implications for water quality as subsidies regulate a number of important freshwater ecosystem 

characteristics including food web dynamics, transparency, and thermal structure. Thus, 

understanding the sources and magnitudes of organic carbon loading in freshwater ecosystems is 

critically important to understanding global carbon cycling as well as managing our important 

freshwater resources.

Several techniques exist which characterize terrestrial carbon subsidies to freshwaters and two 

novel techniques are presented here (Table 1). To date, no work has intercompared or explored 

the relative strengths or weaknesses of these techniques. The novel techniques, based on the 

optical properties of dissolved organic carbon (DOC, the largest pool of organic carbon in 

freshwaters) may provide useful mechanisms to quantify carbon subsidies to freshwaters. Here, 

we test the relative utility of these indicators. Understanding the strengths and weaknesses of 

these techniques will provide new tools to understand and accurately characterize carbon cycling 

processes in freshwaters and how changes in carbon cycling affect our freshwater resources. 

Methods

We measured indicators listed in Table 1 across a broad gradient of 33 freshwater lakes in 

Montana and Wyoming, U.S.A. in July-August 2010. Filtered water samples for spectral slope 

S350-400nm, DOC, and the fluorescence index were filtered through pre-ashed 0.7 µm Whatmann 

GFF filters and analyzed via standard methods (APHA 1995, McKnight et al. 2001). A 

Biospherical Instruments BIC radiometer was used to measure ultraviolet (UV) light (320 and 

380nm UV) transparency.  Particulate deuterium samples (3-80 µm size range) were dried, 

weighed, and samples were analyzed using an isotope ratio mass spectrometer. We plot 

indicators relative to the most traditional indicator of terrestrial ecosystem subsidies, 

Ln(DOC/Chl) (Webster et al. 2008).

Figure 1: Lakes ranged over an elevation gradient that spanned treeline thereby providing a 

wide range of terrestrial support to lakes, where lakes above treeline (A, B) receive much less 

terrestrial inputs relative to lakes below treeline (C, D). Lakes spanned broad gradients in DOC 

(range: 0.3-10.1 mg/L), dissolved absorption coefficients (a254nm range: 1.5-76.0), chlorophyll a

(range: 0.4-15.2 µg/L), and depth (range: 5.0 to >100m).  

Figure 2: Sample prep. and analysis included left: filtering water for analysis of spectral slope 

S350-400nm, the fluorescence index, and DOC concentration; middle: sampling particulate 

deuterium; right: measuring 320 and 380nm UV transparency with radiometer.
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Indicator Description

Primary Literature 

Source

High 

Terrestrial 

Subsidies

Low 

Terrestrial 

Subsidies Units

Ln(DOC/Chl)

natural log of ratio of DOC (proxy for 

terrestrial inputs) to chlorophyll (proxy for 

aquatic production)

Webster et al. 2008, 

Reche et al. 1999
> 1.25 < -2.75

dimensionless 

ratio

Particulate 

Deuterium 

isotopic fractionation by terrestrial 

vegetation means that terrestrially derived 

carbon is enriched in H isotopes relative to 

aquatically derived carbon

Doucett et al. 2007, 

Cole et al. 2011
> -125 < -225

relative to 

VSMOW
(Vienna 

Standard Mean 

Ocean Water)

Fluorescence 

Index 

ratio of fluorescence maxima of two 

quinone-like fluorophores; one found in 

terrestrial plants, other in algae

McKnight et al. 2001, 

Cory and McKnight et 

al. 2005

< 1.35 > 1.45
dimensionless 

ratio

Spectral Slope 

S350-400nm  

slope of absorbance of filtered water across 

350-400nm waveband

Helms et al. 2008; 

potential novel 

indicator

< -0.019 > -0.015 nm-1

320:380nm UV 

Kd ratio 

ratio of transparency to 320nm UV relative 

to 380nm UV

potential novel 

indicator
> 2.75 < 1.90

dimensionless 

ratio

Table 1: Indicators used in this study to characterize terrestrial subsidies to freshwater ecosystems. 

Spectral slope S350-400nm and 320:380nm UV Kd ratios represent two novel indicators of terrestrial 

subsidies to freshwaters.

Results 

There were significant linear relationships (p<0.05) between particulate deuterium, the fluorescence index, 

320:380nm UV Kd (transparency) ratios, spectral slope S350-400nm vs. Ln(DOC/Chl). Freshwater ecosystems 

with high terrestrial subsidies of organic carbon relative to internal production were characterized by high 

Ln(DOC/Chl) ratios, high (less negative) particulate deuterium values, low fluorescence index values, low 

(more negative) spectral slopes, and high 320:380nm UV Kd ratios. Regressions showed that both 

particulate deuterium and 320:380nm UV Kd ratios provided inaccurate estimates of terrestrial subsidies in 

highly glacially impacted lakes and 320:380nm UV Kd ratios provided inaccurate estimates in darkly 

stained (“dystrophic”) lakes. Excluding these outliers, the relationship between 320:380nm UV Kd ratios 

and Ln(DOC/Chl) was the strongest amongst those compared.

Figure 3: Plots and summary statistics for comparisons between indicators. Two lake types appeared as 

outliers in some regressions: highly glacially influenced lakes (black circles) and darkly stained 

“dystrophic” lakes that arehigh in DOC (grey circles).

Above: Ex. highly glacially 

impacted lake; these lakes contain 

high levels of inorganic particulates.

Below: Ex. darkly stained 

“dystrophic” lake; these lakes are 

high in DOC. 

Conclusions 

This work represents the first intercomparison of indices used to characterize carbon flux from terrestrial to 

aquatic ecosystems. The fact that novel indicators S350-400nm and 320:380nm UV Kd ratios provide similar 

metrics of carbon flux as other indicators in most lakes means that carbon cycling can now be characterized 

more inexpensively and in real time as S350-400nm is an inexpensive and readily available technique in most 

labs and transparency to 320 and 380nm UV can be measured in real time on lake observatories. This 

research supports a central theme of the EARS IGERT: development and testing of sensors for freshwater 

research. This study also highlights limitations of 320:380nm UV Kd ratios and particulate deuterium as 

these indices are sensitive to high DOC and high inorganic particulate concentrations.
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