


organic C processing by microbes focused on the dissolved fraction as it is the largest contributor to the
organic C pool in inland waters (Thurman, 1985). In the past years, a major effort has been set in disentangling
the factors controlling molecular composition and reactivity of dissolved organic matter (DOM) along inland
waters. Kellerman et al. (2014) identified mean annual temperature and precipitation as well as water
retention time (WRT) as major controlling factors of DOM molecular composition in lakes. In addition, the
microbial degradability of DOM appears to decrease with longer WRT, suggesting an “aging process” of
DOM that points toward a crucial role of intrinsic molecular characteristics of the DOM pool for
transformation processes in inland waters (Marín-Spiotta et al., 2014). Despite the potential relevance of
POC for global C fluxes, substantially contributing to the total organic C (TOC) export from inland waters to
the ocean (Lal, 2003; Ludwig & Probst, 1996), there are few studies exploring the transformation of suspended
POC in aquatic systems along the inland water continuum. So far, earlier studies mainly focused on specific
types of particles such as algae (e.g., Grossart & Ploug, 2001) or pollen (Wurzbacher et al., 2014) and
suspended POC quantities, qualities, and related turnover were less studied. This is especially interesting in
regions with high terrestrial influence such as boreal landscapes, where DOC, POC, and sediments are
dominated by terrestrial organic C (Kothawala et al., 2014; von Wachenfeldt & Tranvik, 2008).

Therefore, we aimed to explore if and how POC and DOC reactivity changes along the boreal aquatic
continuum and if these changes are related to the WRT. We tested whether POC reactivity decreases with
increasing WRT similar to the patterns observed for DOC (Catalán et al., 2016). To explore this question, we
incubated water from freshwaters representing different WRTs, characterized the natural DOM and particu-
late organic matter (POM) composition, and investigated changes after microbial decomposition in the
DOM and POM pools over the course of 1 week.

2. Materials and Methods
2.1. Sampling

A total of 30 freshwater systems were sampled in four regions in Sweden in 2016: Småland (28–29 August),
Jämtland (31 August to 2 September), Bergslagen (4 September), and Uppland (6 September; Figure 1). We
sampled water from three wetland peats, seven streams and rivers (hereafter referred to as running waters),
and 20 lakes, covering a wide range of boreal aquatic systems (Table 1). We selected a gradient of different
WRTs: first, surface water from peats, for which WRT was considered as zero, representing headwater peat-
lands and thus water prior to entering surface waters and being transported through the inland water con-
tinuum; running waters as a second group with very low WRT (calculated as explained below); and finally,
lakes with different WRTs retrieved from previous studies (Table 1). Specifically, WRT in lakes was retrieved
from the literature and is the ratio between the volume of a lake (V; m3) and the volumetric flow rate (Q;
m3/s). This gradient represents the aquatic continuum from terrestrial sites to lakes with longer WRTs where
it is expected that the organic matter had been subjected to a longer period of biogeochemical transforma-
tion. At each site, we took a water sample (~25 L) and measured temperature, oxygen and conductivity
(HQ40d, Hach, Loveland, Colorado, USA), and pH (Hanna HI991300; Woonsocket, Rhode Island, USA) directly
in the systems. Peat water samples were taken from standing surface waters in the wetland peat, running
water samples from the surface, and the lakes were sampled at 0.5 m depth as close as possible to their out-
let. Subsequently, the samples were transported back to the laboratory and further processed within 1 to
2 days. The 1- to 2-day storage can lead to some change in the particulate pool, which might have led to a
slight underestimation of the true degradation rates determined by the incubations (see section 2.3). The fol-
lowing parameters were measured in the original samples: DOC, total phosphorus (TP), total nitrogen (TN),
chlorophyll-a, absorbance and fluorescence of DOM, anions (F�, Cl�, and SO4

2�), cations (Na+, K+, and Ca
2+) and organic acids (acetate and glycolate), high-resolution mass spectrometry of DOM, POM dry weight,
POC, particulate nitrogen (PN) and the carbon to nitrogen ratio (C:N) of particulates, bacterial abundance
and production. An overview of all data is provided in the supporting information.

2.2. Determination of Stream WRT

Running waters’ WRTs were calculated based on discharge and catchment stream length. The discharge of
the running waters was measured during the sampling campaign if possible. For the small headwater stream
(8; Hisshult), discharge (Q; L/s) and water velocity (v; m/s) were determined through the slug addition of NaCl
(Gordon et al., 2004). In the case of sampling sites 16, 22, and 24, Q and mean velocity were obtained using a
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