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Abstract 19	
  

The relationship between the partial pressure of carbon dioxide (pCO2) and dissolved organic 20	
  
carbon (DOC) concentration in Brazilian lakes, encompassing 194 lakes across a wide latitudinal 21	
  
range in the tropics, was tested. Unlike the positive relationship reported for lake waters, which was 22	
  
largely based on temperate lakes, we found no significant relationship for low-latitude lakes (< 23	
  

33o), despite very broad ranges in both pCO2 and DOC. These results suggest substantial 24	
  
differences in carbon cycling of low latitude lakes, which must be considered when up scaling 25	
  
limnetic carbon cycling to global scales. 26	
  
 27	
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  1.Introduction	
  	
  31	
  

Lakes cover less than 2% of the continent’s surface [Downing et al., 2006; McDonald, 32	
  

2012], but play a significant role in the global carbon (C) cycle [Cole et al., 1994; 2007; Tranvik 33	
  

et al., 2009], contributing significantly to C burial and emissions to the atmosphere [Cole et al., 34	
  

2007; Downing et al., 2008 and Tranvik et al., 2009]. Dissolved organic carbon (DOC) 35	
  

represents a major C pool in lakes, with both autochthonous and allochthonous contributions 36	
  

[Duarte and Prairie, 2005; Cole et al., 2007; Prairie 2008; Tranvik et al., 2009], supporting 37	
  

heterotrophy [Sobek et al., 2007] and affecting key biological and physico-chemical processes 38	
  

involved in C cycling [Steinberg et al., 2006]. Large inputs of terrestrial organic C and its 39	
  

subsequent mineralization have been suggested to be a major driver of CO2 supersaturation 40	
  

commonly encountered in lakes [Duarte and Prairie, 2005; Cole et al., 2007; Prairie 2008; 41	
  

Marotta et al., 2009].  42	
  

The mechanistic connection between DOC and heterotrophic CO2 production is believed to 43	
  

underpin the significant positive relationship between pCO2 and DOC reported in comparative 44	
  

analyses [Houle, 1995; Sobek et al., 2005; Larsen et al., 2012]. However, recent analyses have 45	
  

revealed that the relationship between pCO2 and DOC in lake waters is regionally variable and 46	
  

not universal [Lapiere and del Giorgio, 2012]. Hence, the relationship between pCO2 and DOC 47	
  

reported in comparative analyses based on datasets dominated by temperate and high-latitude 48	
  

lakes (> 33o) may not be extrapolated for all types of lakes, mainly because the tropical low 49	
  

latitude lakes (< 33o) are generally underrepresented in global datasets [Raymond et al., 2013]. 50	
  

One priority of comparative studies is the latitudinal variance, where lake temperature, ice 51	
  

cover and mixing regime will differ and these climatically driven processes, in turn, should 52	
  

strongly influence OC cycling [Hanson et al., 2015]. At low latitudes, warm conditions over the 53	
  

whole year may increase the metabolic rates involved in the C cycling in terrestrial [Ometto e al., 54	
  

2005] and aquatic [Marotta et al., 2009; Marotta et al., 2010] ecosystems on an annual basis 55	
  

compared to the high latitude lakes. High temperatures affect heterotrophic activity and the 56	
  

associated mineralization rates of organic matter in soils [Davidson et al., 2006], waters [López-57	
  

Urrutia et al. 2007; Wohlers et al. 2008; Regaudie-de-Gioux and Duarte 2012] and aquatic 58	
  

sediments [Wadham et al., 2012; Gudasz et al., 2010, Marotta et al., 2014]. Enhanced 59	
  

heterotrophic activity in warm ecosystems would support high aquatic CO2 production and 60	
  

subside high CO2 evasion from global lake, to the atmosphere.  61	
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The largest previous comparative analysis already published in the literature for global lake 102	
  

waters [Sobek et al., 2005] reported a significant positive relationship between DOC and pCO2, 103	
  

and a non-significant variation of pCO2 among lakes with changing temperature. However, both 104	
  

analyses were characterized by a paucity of low latitude data. A strong positive relationship 105	
  

between temperature and pCO2 was observed when subtropical and tropical ecosystems were 106	
  

included in the data set [Marotta et al., 2009], likely caused by the potential increase in metabolic 107	
  

rates under warmer conditions [Brown et al., 2004, López-­‐Urrutia	
   et	
   al.,	
   2006]. Hence, the 108	
  

relationship between lake pCO2 and DOC could also be temperature-dependent and, therefore, 109	
  

may differ between temperate and tropical lakes. The	
  extensive	
   low	
  territory	
  of	
  Brazil,	
  wich	
  110	
  

has	
   a	
   high	
   density	
   of	
   lakes	
   and	
   ponds	
   [Downing	
   et	
   al.,	
   2006],	
   is	
   appropriate	
   to	
   examine	
  111	
  

general	
  patterns	
  in	
  the	
  tropics [e.g. Marotta et al., 2009, Kosten et al. 2010]. Here, we test the 112	
  

applicability of the relationship between pCO2 and DOC, using inputs derived from high latitude 113	
  

dataset [Sobek et al., 2005] with added tropical and subtropical low latitude lakes from Brazil.  114	
  

 115	
  

2.Methods   116	
  

2.1.Study area and Lakes 117	
  

Brazil extends from 5° 16' 20" North to 33° 44' 42" South, showing an area of 118	
  

approximately 8,547,000 km2 constituting half of South America and encompasses a high 119	
  

diversity of low-latitude landscapes [Ab`Saber, 2003] that are predominantly located within 120	
  

tropical latitudes. We conducted a survey of pH, alkalinity and DOC between 2003 and 2011 in 121	
  

surface waters of 166 permanent lakes from 0 to 33° of south latitude across Brazil (Figure 1), 122	
  

yielding a total of 225 water samples. The lakes were sampled in representative biomes of Brazil: 123	
  

(1) Amazonia Forest (Amazonia Biome, n = 65), (2) Pantanal Floodplain (Pantanal Biome, n = 124	
  

29) and the (3) Tropical (< 24o of latitude) and (4) Subtropical (> 24o and < 33o of south latitude) 125	
  

Coasts, both in the Atlantic Forest Biome (n = 35 and n = 37 lakes, respectively; Figure 1). These 126	
  

biomes follow the classification of the Brazilian Institute of Geography and Statistics for biomes 127	
  

(IBGE 2004, ftp://geoftp.ibge.gov.br/mapas_tematicos/mapas_murais/biomas.pdf). Our dataset 128	
  

encompasses a broad inter-lake heterogeneity (n=166) for pH, alkalinity and DOC 129	
  

simultaneously sampled among Brazilian biomes and along the latitudinal gradient, independent 130	
  

of the year’s season. 131	
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The Amazonian Forest biome is formed by the most extensive hydrographic network of the 160	
  

globe: the Amazon River basin, wich occupies a total area about 6.11 million km²	
   from its 161	
  

headwaters in the Peruvian Andes to the mouth in the Atlantic Ocean (ANA –	
  www.ana.gov.br). 162	
  

The Amazon Forest is the Brazilian biome characterized by higher mean annual precipitation 163	
  

(approximately 2200 mm) and has warm mean air temperatures, approximately 25oC, high cloud 164	
  

coverage and high humidity with low fluctuations over the whole year [Chambers, 1999]. We 165	
  

sampled a wide variety of lakes, characteristic of different areas of the Amazonian Forest, 166	
  

encompassing “clear” (low DOC and suspended solids), “white” (low DOC and high suspended 167	
  

solids) and “dark” (high DOC and low suspended solids) lakes. 168	
  

The Pantanal Floodplain is the world’s largest tropical freshwater wetland, extending 169	
  

across an area of about 150,000 km2 between 16°	
  and 20°	
  S and 58°	
  and 55°	
  W [Por, 1995]. The 170	
  

annual averages temperature and precipitation are approximately 22°C and 1,000 mm, 171	
  

respectively [Mariot et al., 2007], with a strong seasonality and subsequent variation in the 172	
  

flooded area [Junk and Nunes da Cunha, 2005]. The high-water period occurs during the rainy 173	
  

summer (usually from September to December), and low waters typically during the dry winter 174	
  

(from March to July) [Hamilton, 2002]. 175	
  

The Atlantic Forest biome extends along a broad latitudinal belt between 5°	
  and 30°	
  S from 176	
  

the subtropics to tropics and a narrow longitudinal section between 55°	
   and 56°	
   W and  177	
  

occupying an area of 1.11 million km2 along the Brazilian coast (IBGE-www.ibge.gov.br). This 178	
  

biome is characterized by numerous shallow coastal lakes receiving high inputs of refractory 179	
  

organic matter [Farjalla et al., 2009] derived from the typical open xerophytic vegetation on 180	
  

sandy soils, where water retention is low [Scarano, 2002]. The mean air temperatures vary from 181	
  

27°	
  C in winter to 30°C in summer at the tropical coast [< 24o of latitude; Chellappa et al., 2009] 182	
  

and from 17 and 20°	
  C at the subtropical coast [> 24o of latitude; Waechter, 1998]. The mean 183	
  

annual precipitation reaches 1,164 mm [Henriques et al., 1986] and 1,700 mm [Waechter, 1998] 184	
  

in the tropical and subtropical Brazilian coast, respectively.	
  This	
  biome	
  is	
  also	
  characterized	
  by	
  185	
  

strong	
  seasonality,	
  with rainy summers and dry winters [Chellappa et al., 2009]. 186	
  

 187	
  

2.2 Sampling Design and Analytical Methods 188	
  

Our sampling design encompassed the most representative Brazilian biomes from tropical 189	
  

and subtropical coastal areas to tropical and subtropical forests (Amazon and Atlantic Forest) 190	
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and inland wetlands (Pantanal), with the intra-lake heterogeneity and seasonal fluctuations 200	
  

randomly assessed and further integrated by means of each ecosystem. To analyze the 201	
  

relationship between pCO2 and DOC in tropical lake waters ,we joined data of 194 lakes (< 33o 202	
  

of latitude) with both variables sampled at the same time, including 166 data from our own 203	
  

survey and 28 from the literature compilation. The values reported here represented, gathered in 204	
  

on an opportunistic manner, represent daily averages  (N= 4 or 5 samples) for a given year´s 205	
  

season or/and one sampling time over different seasons, which were also both integrated by 206	
  

means of each lake. To test the globally importance of relationship between pCO2 and DOC, we 207	
  

added our low latitude data (225) to the Sobek et al. [2005] dataset (4902 lakes) as this dataset 208	
  

had a paucity of tropical ecosystems (148 tropical lakes, but only one with pCO2 and DOC 209	
  

sampled at the same time). 210	
  

pH, salinity and temperature in waters were measured in situ. pH was determined using a 211	
  

pH meter (Digimed –	
  DM2) with a precision of 0.01 calibrated with standard solutions (Mettler 212	
  

Toledo) of pH 4.01 and 7.00 units before each sampling hour. Temperature and salinity were 213	
  

measured using a Thermosalinometer (Mettler Toledo - SevenGo SG3) coupled to a probe inLab 214	
  

737 previously calibrated with 0.01M KCl. Surface lake waters for total alkalinity and DOC 215	
  

analyses, taking care to avoid bubbles at about 0.5 m of depth using a 1L Van Dorn bottle. 216	
  

Alkalinity was determined in the field by the Gran´s titration with 0.0125 M HCl immediately 217	
  

after sampling [Stumm and Morgan, 1996]. Water samples for DOC were pre-filtered (0.7µm, 218	
  

Whatman GF/F) and preserved by acidification with H3PO4 85% to reach pH < 2.0 in sealed 219	
  

glass vials [Spyres et al., 2000]. In the lab, DOC was determined by high-temperature catalytic 220	
  

oxidation using a TOC-5000 Shimadzu Analyzer. pCO2 concentrations in surface waters were 221	
  

calculated from pH and alkalinity following Weiss [1974], after corrections for temperature, 222	
  

altitude and ionic strength according to Cole et al. [1994]. 223	
  

We used additional corrections to address concerns about pCO2 calculated from pH 224	
  

and TA (Gran titration) especially in low salinity or highly organic enriched DOC lake 225	
  

waters, even after corrections for temperature, altitude and ionic strength [Cole et al., 226	
  

1994]. From the data set of Abril et al. [2015], we calculated fitted regression equations for 227	
  

median pH or DOC and respective % of pCO2 corrections (Log pCO2 correction (%) = - 228	
  

0.9638 *pH + 7.755; R2 = 0.9752, p < 0.005; Log pCO2 correction (%) = - 0.9638 *pH + 229	
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7.755; R2 = 0.9752, p < 0.005). Statistical analyses were performed using raw and corrected 237	
  

data (Figure S2 and S3). 238	
  

2.3. Statistical Analyses 239	
  

The variables pCO2 and DOC did not meet the assumptions of parametric tests even after 240	
  

logarithmic transformations [Zar, 1996], as data were not normally distributed (Kolmogorov-241	
  

Smirnov, p < 0.05) and variances were heterogeneous (Bartlett, p > 0.05). Therefore, we used 242	
  

medians and non-parametric tests to compare these variables among biomes (Kruskall-Wallis 243	
  

followed by Dunn`s multiple comparison post hoc test, p < 0.05). The linear regression equations 244	
  

were fitted to compare our results with previous studies from Sobek et al., [2005]. Statistical 245	
  

analyses were performed using the software Graphpad Prism version 4.0 for Macintosh 246	
  

(GraphPad Software, San Diego, CA). 247	
  

3.Results   248	
  

The lake waters surveyed were warm across all biomes (median 25-75% interquartile 249	
  

range = 27.5°	
  C, 25.2 –	
   30.1), but colder in subtropical coastal lakes (23.4°	
  C, 20.0 –	
   26.2) 250	
  

compared to Pantanal and Amazonian lakes (29.5°	
  C, 27.7 –	
   31.4 and 29.4°	
  C, 27.6 –	
   31.0, 251	
  

respectively; Dunn’s test, p < 0.05, Figure 2a). DOC concentrations were consistently high (6.3 252	
  

mg C L-1, 4.3 –	
  11.9) for all Brazilian biomes but significant lower in the Amazonian Forest (3.8 253	
  

mg C L-1, 2.7 –	
  5.8) than in the tropical coast (13.4 mg C L-1, 6.1 –	
  32.8; Figure 2b; Dunn’s test, 254	
  

p < 0.05). Most lakes (approximately 83% of raw data) showed surface waters supersaturated in 255	
  

CO2 relative to atmospheric equilibrium (pCO2 in atmospheric equilibrium of 403µatm, 256	
  

according Tans and Keeling 2014; data available in 257	
  

www.esrl.noaa.gov/gmd/ccgg/trends/global.html#global), with much higher pCO2 values in 258	
  

Amazonian lakes (7,956 µatm, 3,033 –	
   11,346) than in subtropical coastal lakes (900 µatm, 259	
  

391.3 –	
  3,212; Figure 2c; Dunn’s test, p < 0.05).  260	
  

 The pCO2 in surface waters of Brazilian lakes was independent of DOC concentrations 261	
  

(Linear regression for raw data, p > 0.05, Figure 3). After correcting our data and Sobek data 262	
  

with the contribution of organic acids on tatal alcalinity (TA) and subsequent pCO2 data, using 263	
  

the fitted linear regression for the median values of the relative difference between calculated 264	
  

and measured pCO2 with pH, both groups continuous with the same pattern observed before (not 265	
  

significant relationship for Tropical data (p > 0.05, n = 194) and positive relationship for Sobek 266	
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dataset (pCO2 = 45,70 (± 1,84) x DOC + 623,7 (± 18,83), R2= 0,12, p <0,0001, n = 4433), figure 287	
  

S2 a and b).  288	
  

We did not find any positive relationship between pCO2 and DOC for the Brazilian data 289	
  

(see more detail in support material), even after correcting our data and the Sobek data with the 290	
  

contribution of organic acids on TA and subsequent pCO2 data; a fitted linear regression for the 291	
  

median values of the relative difference between calculated and measured pCO2 with pH and 292	
  

median and average values with DOC was used. The range of pCO2 for a similar DOC range in 293	
  

Brazilian lakes was larger than that reported by Sobek et al., [2005] for the dataset dominated by 294	
  

high-latitude cold lakes, despite the number of lakes in their dataset being much larger (see more 295	
  

detail in support material, figure S3). 296	
  

We also calculated the DOC-pCO2 relationship for two separate groups (DOC > and < 10 297	
  

mg L-1), the observed pattern was the same. We found non-significant relationships between 298	
  

DOC and pCO2 using all data or only low latitude (<24o) lakes (linear regression, p>0.05), and 299	
  

significant positive linear regressions for those at high latitudes (>24o) in each DOC group, 300	
  

despite low R2 values (R2 = 0,08 and 0,03, p<0.05 for DOC > and < 10 mg L-1 respectively). 301	
  

Non-significant relationships in each Brazilian biome, with exception of Amazonia, also 302	
  

confirmed the DOC independence of pCO2 in tropical lakes 303	
  

 304	
  

4.Discussion 305	
  

The Brazilian lakes sampled here were characterized by a prevalence of CO2 306	
  

supersaturation, consistent with general trends for lakes [e.g., Cole et al., 1994; Algesten et al., 307	
  

2005] and previous reports for tropical lakes [Marotta et al., 2009]. The very high pCO2 level 308	
  

observed here, with a median 900 and 8300 µatm for subtropical and Amazon lake waters, 309	
  

respectively, are consistent with those reported previously for the Amazon River and tributaries 310	
  

(2,000 - 12,000 µatm; Richey et al., [2002]), Amazon floodplain lakes (3,000 - 4,898 µatm; 311	
  

Rudorff et al., [2012]), Pantanal lakes and wetlands (2,732 - 10,620 µatm; Hamilton et al., 312	
  

[1995]), coastal lakes (768 - 9,866 µatm; Kosten et al., [2010]; 361 - 20,037 µatm; Marotta et al., 313	
  

[2010b]), and global values for tropical lakes (1,255 - 35,278 µatm; Marotta et al., [2009]), 314	
  

reservoirs (1,840 µatm; Aufdenkampe et al., [2011]) and wetlands (3,080 - 6,170 µatm; 315	
  

Aufdenkampe et al., [2011]). 	
  316	
  

The not significant or weakly negative relationship (Figure S2 and S3) between DOC and 317	
  

pCO2 reported here for warm-low latitude lakes contrasted with significant positive relationships 318	
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derived from previous datasets dominated by high-latitude lakes [Houle, 1995; Prairie et al., 344	
  

2002; Jonsson et al., 2003; Sobek et al., 2005; Roehm et al., 2009; Lapiere and del Giorgio, 345	
  

2012; Larsen et al., 2012]. The results presented show that warm-low latitude lakes range widely 346	
  

in pCO2, reaching very high values, but tend to have comparatively more uniform DOC 347	
  

concentrations. 348	
  

Tropical conditions based on higher annual temperatures and solar incidence typically 349	
  

increases the aquatic primary productivity activity [Paerl and Huisman 2008] that releases into 350	
  

waters the DOC produced by the CO2 uptake of algae and submerged plants [Staehr and Sand 351	
  

Jansen 2007], which can withstand a negative variation in the pCO2 with an increase in the DOC 352	
  

concentration [Marotta et al., 2010, Marotta et al, 2012, Hanson et al., 2015].The contrasting 353	
  

non-significant or weak negative relationship between pCO2 and DOC in warm Brazilian lakes 354	
  

here, with respect to that positive relationship for cold lake waters from the dataset of Sobek al. 355	
  

[2005], suggests a temperature dependence of the pCO2 and DOC correlation in global lakes.	
  	
  356	
  

In conclusion, the finding that pCO2 does not increase with DOC concentration in 357	
  

Brazilian tropical lakes rejects the hypothesis that DOC serves as a universal predictor for pCO2 358	
  

in lake waters [Larsen et al., 2012]. Even discounting a possible artifact of the method that could 359	
  

be causing an overestimation in the values of pCO2, or considering the contribution of organic 360	
  

acids on the alkalinity, the pattern of no relationship between DOC and pCO2 in the Tropical 361	
  

lakes was strongly confirmed. Despite limitations of our methodology, our work contributes data 362	
  

to the literature from tropical lakes that is frequently missing from global calculations Therefore, 363	
  

our results suggest potentially important latitudinal differences from depositional aquatic 364	
  

environments, whose causes still need to be better addressed to improve accuracy of global C 365	
  

cycle models.  366	
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 547	
  

Figure 1. Geographic location of Brazilian lakes sampled in different biomes (IBGE 2004, 548	
  

available in ftp://geoftp.ibge.gov.br/mapas_tematicos/mapas_murais/biomas.pdf): Amazonia 549	
  

Forest (vertical lines), Pantanal Floodplain (dark gray), and Atlantic Forest (gray; Tropical and 550	
  

Subtropical costal lakes). 551	
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 552	
  

Figure 2. Values of (A) temperature (ºC), (B) DOC concentrations (mg C L-1) and (C) pCO2 553	
  

concentration (µatm) of Brazilian lakes sampled from different biomes, as defined by (SUBT) 554	
  

Subtropical Coastal lakes (n = 37), (TROP) Tropical coastal lake (n = 63), (PANT) Pantanal 555	
  

Floodplain (n = 58) and (AMAZ) Amazonia Forest (n = 67). The line depicts the median. The 556	
  

boxes show the quartiles, and the whiskers mark the 10th and 90th percentiles. Different 557	
  

lowercase letters near the boxplot indicate significant statistic differences between the groups 558	
  

(Kruskall-Wallis followed by Dunn`s multiple comparison post hoc test, p < 0.05). 559	
  

Unknown
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 560	
  

Figure 3. Comparisons of pCO2 against DOC concentrations for lakes from this study (black 561	
  

circles) and from Sobek et al. [2005] (gray circles). Each point in the plot represents one 562	
  

measurement. The dashed line represents the linear regression for all Brazilian data points (not 563	
  

significant; p > 0.05), and the solid line represents the linear regression from Sobek et al. [2005] 564	
  

(log pCO2 (µatm) = 2.67 + 0.414 log DOC (mg C L-1); R2 = 0.26; p < 0.05). 565	
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07th October 2015. 578	
  

 579	
  

Dear Editor, 580	
  

 581	
  

 582	
  

Attached, please find the second revised version of the manuscript “Temperature-583	
  

dependence of the relationship between pCO2 and dissolved organic carbon in lakes” to be 584	
  

reconsidered for publication in Biogeosciences. To address valuable criticisms from reviewers 585	
  

and the editor, we have included here a point-by-point response with details of the actions that 586	
  

have led to an improved manuscript. Finally, the English language has been thoroughly revised 587	
  

by a company specializing in English language review (with certification attached). 588	
  

The main purpose of this manuscript was to report that the global relationship between 589	
  

pCO2 and DOC in lake waters disappears once tropical ecosystems are included. This novel 590	
  

finding improves our knowledge of the C cycling of inland waters along the latitudinal gradient 591	
  

and provides new insights for further studies. 592	
  

We thank the editor and both the reviewers for their very constructive suggestions. 593	
  

 594	
  

 595	
  

Sincerely, 596	
  

 597	
  

 598	
  

Luana Pinho on behalf of the co-authors 599	
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 606	
  

Interactive comment on “Temperature-dependence of the relationship 607	
  
between pCO2 and dissolved organic carbon in lakes” by L. Pinho et al. 608	
  

 609	
  
Response to Anonymous Referee #1 610	
  
 611	
  
1) Comments from referee #1 612	
  
 613	
  
General comments 614	
  
 615	
  
The manuscript, "Temperature-dependence of the relationship between pCO2 and dissolved 616	
  
organic carbon in lakes" by Pinho et al. has been improved substantially by the authors' 617	
  
revisions. It is my feeling that this is a timely study that will be well-cited, as it presents data on 618	
  
ecosystems often underrepresented in the carbon cycling literature. Methods are clear and 619	
  
appropriate, and the authors have done a good job of addressing potential shortcomings of this 620	
  
methodology. As in prior versions of the paper, it is concise and generally well written, though 621	
  
many of the new revisions contain grammatical errors that need attention. Specific comments are 622	
  
below. 623	
  
 624	
  
 625	
  
Author´s response: 626	
  
First, we thank referee #1 for confirming that our research topic could reveal potentially 627	
  
important unknown processes of C cycling at warmer tropical regions. 628	
  
 629	
  
After all corrections, we sent the new version of the manuscript for review by a native 630	
  
English speaker to remove any grammatical errors. 631	
  
 632	
  
Minor specific comments 633	
  
 634	
  
1. ln 34: This point can be supported with fewer references.  635	
  
 636	
  
1. Author´s response: We agree and reduced the number of references here. 637	
  
 638	
  
The text now reads: 639	
  

 (Page 2, line 35) “Dissolved organic carbon (DOC) represents a major C pool in lakes, with 640	
  
both autochthonous and allochthonous contributions [Duarte and Prairie, 2005; Cole et al., 641	
  
2007; Prairie 2008; Tranvik et al., 2009]”. 642	
  
 643	
  
2. ln 36: the word “tactility” should be removed so that the sentence reads, “….supporting 644	
  
heterotrophy, …..” 645	
  
 646	
  
2. Author´s response: We agree and deleted the word “tactility”. 647	
  
 648	
  
The text now reads: 649	
  

 (Page 2, line 36) “supporting heterotrophy [Sobek et al., 2007] and affecting key biological 650	
  
and physico-chemical processes involved in C cycling [Steinberg et al., 2006].” 651	
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 652	
  
3. ln 39: Again, though I appreciate the thoroughness in updating references, this point can be 653	
  
supported with fewer citations.  654	
  
 655	
  
  656	
  
3. Author´s response: We agree and also reduced the number of references here. 657	
  
 658	
  
The text now reads: 659	
  

 (Page 2, line 38) “Large inputs of terrestrial organic C and its subsequent mineralization 660	
  
have been suggested to be a major driver of CO2 supersaturation commonly encountered in 661	
  
lakes [Duarte and Prairie, 2005; Cole et al., 2007; Prairie 2008; Marotta et al., 2009].” 662	
  
 663	
  
4. ln 49: Wording is unclear. I’m not sure what is meant by the “global caught”. 664	
  
 665	
  
4. Author´s response: We agree and replaced the word “caught” by “datasets”. 666	
  
 667	
  
The text now reads: 668	
  

  (Page 2, line 46) “Hence, the relationship between pCO2 and DOC reported in 669	
  
comparative analyses based on datasets dominated by temperate and high-latitude lakes 670	
  
(>33o) may not be extrapolated for all types of lakes, mainly because the tropical low 671	
  
latitude lakes (< 33o) are generally underrepresented in global datasets”. 672	
  
 673	
  
5. ln 50: Should read, “One of the priorities of a comparative study…” or “One priority of a 674	
  
comparative study is….” 675	
  
 676	
  
5. Author´s response: We agree and replaced the sentence with the suggested text. 677	
  
 678	
  
The text now reads: 679	
  

  (Page 2, line 50) “One priority of comparative studies is the latitudinal variance, where 680	
  
lake temperature, ice cover and mixing regime will differ and these climatically driven 681	
  
processes, in turn, should strongly influence OC cycling [Hanson et al., 2015].” 682	
  
 683	
  
6. ln 178: average, not averages 684	
  
6. Author´s response: We removed this sentence. 685	
  
 686	
  
7. ln 180: Change to “….we did not find…” rather than “…we continuous observing…” 687	
  
7. Author´s response: We agree and changed the sentence as suggested. 688	
  
 689	
  
The new text reads: 690	
  
(Page 7, line 185) “we did not find any positive relationship between pCO2 and DOC for 691	
  
Brazilian data”. 692	
  
 693	
  
8. ln 217: This sentence makes a very important point, but has very awkward construction. I 694	
  
would consider shortening it to something like, “Despite limitations of our methodology, our 695	
  
work contributes data to the literature from tropical lakes that is frequently missing from global 696	
  
calculations.” 697	
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 698	
  
8. Author´s response: We agree and incorporated the suggested version of this sentence. 699	
  
 700	
  
9. Figure 1: Enlarge axis labels. 701	
  
 702	
  
9. Author´s response: We agree and addressed this change. The new figure is shown at the 703	
  
end of the comments section. 704	
  
 705	
  
10. Figure 3: Use open circles, or if making plots in R (ggplot2 package), you could use alpha 706	
  
blending so that your trendline is visible. As presented, it is not visible. 707	
  
 708	
  
10. Author´s response: We agree and changed figure 3 as suggested. The new figure is 709	
  
shown at the end of the comments section. 710	
  
 711	
  
11. Figure 3: Edit the x-axis labels for the break between 30 and 40 so that they are farther apart. 712	
  
Alternately, you could just remove either the 30 or 40 from the axis labels.  713	
  
 714	
  
11. Author´s response: We agree and changed figure 3 as suggested. The new figure is 715	
  
shown at the end of the comments section. 716	
  
 717	
  
12. Figure 4: Same comment as above regarding trendline. Use the same format and axis scale 718	
  
for figures 3 and 4. I would suggest combining figures 3 and 4 into a block of 4 figures (a-d), so 719	
  
that the corrected plots are easily compared to the original. 720	
  

 721	
  
12. Author´s response: We agree and combined both figures 3 and 4 as suggested. The new 722	
  
figure is shown at the end of the comments section. 723	
  

 724	
  
Response to Anonymous Referee #3 725	
  
 726	
  
 727	
  
1) Comments from referee #3 728	
  
 729	
  

This paper reports the relationship of pCO2 and DOC in Brazilian tropical lakes, indicating no or 730	
  
weak relationship was observed. These findings are intriguing and they are different from those 731	
  
derived from lower temperature temperate/boreal lakes. The authors’ work adds new data to our 732	
  
collective body of knowledge and is important.  733	
  
 734	
  

Author´s response: We thank the reviewer for recognizing the importance of our low-735	
  
latitude dataset in a global context. 736	
  

General comments: 737	
  
 738	
  
1. As a whole, “introduction” is clearly addressed. The authors summarize the previous studies 739	
  
of the relationship of pCO2 and DOC, indicating a lack of data in tropical lakes. Then the authors 740	
  
introduce the importance of temperature. However, logic transition is not smooth in some 741	
  
paragraphs and somewhat confusing. The specific comments are listed below: 742	
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 743	
  

 744	
  
a. Line 52, what do “low latitudes” mean? I think that the authors want to compare the 745	
  
differences between high latitudes and low latitudes. It might not be appropriate to use ONLY 746	
  
“temperate systems” and “WINTER” to represent high latitudes conditions. 747	
  
1.a. Author´s response: In the text, we clarified that low latitudes mean < 33o, including the 748	
  
parenthesis “(<33o)” after the first reference of the expression “low latitudes” in the 749	
  
abstract (page 1, line 25) and introduction (page 2, line 48). We prefer to keep low and high 750	
  
latitudes, as the term “high latitudes” includes all those lakes situated at latitudes >33o (e.g., 751	
  
subtropical, boreal or polar) as well as temperate lakes. Additionally, high latitude 752	
  
conditions do not represent only one season (like winter) but the entire year. 753	
  

The text now reads: 754	
  

 (Page 2, line 52) “At low latitudes, warm conditions over the whole year may increase the 755	
  
metabolic rates involved in the C cycling in terrestrial [Ometto et al., 2005] and aquatic [Marotta 756	
  
et al., 2009; 2010] ecosystems on an annual basis compared to the high latitude lakes.” 757	
  

 758	
  
b. Line 59, “heterotrophic activity…support high fluxes of CO2, leading to CO2 enrichment”. 759	
  
Here “fluxes” should be “production”. In contrast, CO2 outgassing (high flux) from lakes to the 760	
  
atmosphere leads to a decrease in CO2 content in lake waters. 761	
  
1.b. Author´s response: We replaced the word “fluxes” by “production” and clarified that 762	
  
the heterotrophic activity could support increases in CO2 outgassing from lakes to the 763	
  
atmosphere. 764	
  

The text now reads: 765	
  

 (Page 3, line 58) “Enhanced heterotrophic activity in warm ecosystems would support high 766	
  
aquatic CO2 production and subside high CO2 evasion from global lake water to the 767	
  
atmosphere.” 768	
  
 769	
  
c. Line 62, the authors indicated that there was a paucity of low latitude data in Sobek et al. 770	
  
(2005). It is not correct. Sobek et al. (2005) included 148 tropical lakes. If the authors want to 771	
  
divide tropical lakes into high-temp and low-temp tropical regimes and indicate Sobek et al. 772	
  
(2005) doesn’t have high temp data, they should address it clearly here. 773	
  
1.c. Author´s response: We clarified that the larger dataset (4902 lakes) already published 774	
  
in the literature by Sobek et al. [2005] included 148 tropical lakes with pCO2 data, but only 775	
  
one of these lakes had data for both pCO2 and DOC values. In this way, our novel dataset 776	
  
included 225 points of pCO2 and DOC data sampled at the same time, unlike that used by 777	
  
Sobek et al. [2005]. 778	
  

 779	
  
The text now reads: 780	
  
(Page 5, line 124) “To analyze the relationship between pCO2 and DOC in tropical lake 781	
  
waters, we joined data on 194 lakes (< 33o of latitude) with both variables sampled at the 782	
  
same time, including 166 data samples from our own survey and 28 from the literature 783	
  
compilation.”  784	
  
 785	
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(Page 5, line 130) “To test the global importance of the relationship between pCO2 and 786	
  
DOC, we added our low latitude data (225) to the Sobek et al. [2005] dataset (4902 lakes) as 787	
  
this dataset had a paucity of tropical ecosystem data (148 tropical lakes, but only one with 788	
  
pCO2 and DOC sampled at the same time).” 789	
  
 790	
  
d. The last paragraph in Introduction: The authors should address that pCO2 and DOC are related 791	
  
but pCO2 is independent of temperature at high latitudes FIRST. Otherwise, it’s confusing why 792	
  
temperature is related to pCO2 and DOC. However, here the relationship of pCO2 and DOC 793	
  
might be influenced “OR NOT” by temperature in tropical lakes.  794	
  
1.d. Author´s response: We agree and rewrote this paragraph. 795	
  

The text now reads: 796	
  

(Page 3, line 61) “The largest previous comparative analysis already published in the 797	
  

literature for global lake waters [Sobek et al., 2005] reported a significant positive 798	
  

relationship between DOC and pCO2 and a non-significant variation of pCO2 among lakes 799	
  

with changing temperature. However, both analyses were characterized by a paucity of low 800	
  

latitude data. A strong positive relationship between temperature and pCO2 was observed 801	
  

when subtropical and tropical ecosystems were included in the dataset [Marotta et al., 802	
  

2009], likely caused by the potential increase in metabolic rates under warmer conditions 803	
  

[Brown et al., 2004, López-Urrutia et al., 2006]. Hence, the relationship between lake pCO2 804	
  

and DOC could also be temperature-dependent and, therefore, may differ between 805	
  

temperate and tropical lakes. The extensive low latitude territory of Brazil, which has a 806	
  

high density of lakes and ponds [Downing et al., 2006], is appropriate to examine general 807	
  

patterns in the tropics [e.g., Marotta et al., 2009, Kosten et al. 2010]. Here, we test the 808	
  

applicability of the relationship between pCO2 and DOC using inputs derived from a high 809	
  

latitude dataset [Houle, 1995; Sobek et al., 2005; Larsen et al., 2012] with added tropical 810	
  

and subtropical low latitude lakes from Brazil.” 811	
  

 812	
  
 813	
  
2. There is no detailed description of methods. Detailed methods need to be addressed for a 814	
  
comparison of different datasets, including method precision/accuracy, progress of calculation, 815	
  
and unbiased data processing between different datasets. ONLY Based on these work, the 816	
  
authors can yield confident results. Some specific comments listed below: 817	
  
 818	
  
a. Data source of published data? In line 122. 819	
  
2.a. Author´s response: We described the dataset compiled from the literature in the 820	
  
support material. It is included at the end of the comments. 821	
  

 822	
  
b. Line 126, pH is measured on which pH scale and is calibrated against what standards? If the 823	
  
standard has a precision of 0.1, how could we get pH results with a precision of 0.01 pH unit? 824	
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2.b. Author´s response: We agree and corrected the precision of standards. 825	
  

The text now reads: 826	
  

 (Page 5, line 134) “pH, salinity and temperature were measured in situ. pH was 827	
  
determined using a pH meter (Digimed – DM2) with a precision of 0.01 calibrated with 828	
  
standard solutions (Mettler Toledo) of pH 4.01 and 7.00 units before each sampling hour.” 829	
  
 830	
  
c. Line 136-137, pCO2 calculated from pH and TA should use dissociation constants of carbonic 831	
  
acid. Weiss (1974) provides the equation of CO2 solubility. The authors should address which 832	
  
set of constants is used, and if these constants are valid for low salinity lake waters? 833	
  
2.c. Author´s response: We agree and rewrote the sentence. 834	
  

The text now reads: 835	
  

(Page 5, line 147) “We used additional corrections to address concerns about pCO2 836	
  

calculated from pH and TA (Gran titration) especially in low salinity or highly organic 837	
  

enriched DOC lake waters, even after corrections for temperature, altitude and ionic 838	
  

strength (Cole et al., 1994). From the dataset of Abril et al. (2015), we calculated fitted 839	
  

regression equations for the median pH or DOC and respective % of pCO2 corrections 840	
  

(Log pCO2 correction (%) = - 0.9638 *pH + 7.755; R2 = 0.9752, p < 0.005; Log pCO2 841	
  

correction (%) = - 0.9638 *pH + 7.755; R2 = 0.9752, p < 0.005). Statistical analyses were 842	
  

performed using raw and corrected data (full details in the supporting information).” 843	
  

 844	
  
d. Line 138, the authors might cite correction methods as G. W. Kling, G. W. Kipphut, M. C. 845	
  
Miller, Hydrobiologia, 240, 23 (1992). 846	
  
2.d. Author´s response: See the author’s response addressing comment 2.c for Reviewer 2.  847	
  

 848	
  
e. Line 139-141. “aware of the difficulties in determining the pCO2…” It should be noted that 849	
  
there has no difficulty in determining (such as direct measurement) of pCO2. The problem in 850	
  
pCO2 calculation is raised from the existence of Organic-TA. As well, there is no problem in TA 851	
  
and pH methods. In addition, sentence construction in the following sentences in the paragraph 852	
  
should be revised to make it clear. Avoid using “TA” and “Alkalinity” interchangeably.  853	
  
2.e. Author´s response: See the author’s response addressing comment 2.c for Reviewer 2. 854	
  
In addition, we revised the whole manuscript to avoid confusion between both terms “TA” 855	
  
and “alkalinity.” 856	
  

 857	
  
f. The authors should address clearly how they remove the influence of TA in method section, or 858	
  
at least describe it concisely here and put details in the supplementary. 859	
  
2.f. Author´s response: See the author’s response addressing comment 2.c for Reviewer 2. 860	
  

 861	
  
3. In the results part, the authors never address why they compare specific regions for 862	
  
temperature and DOC beyond a general description. It gives me a sense that the authors will 863	
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compare their differences and the magnitude of temperature and DOC should be related to 864	
  
somewhat.  865	
  
3. Author´s response: Our aim here is to report DOC- pCO2 relationships in lake waters 866	
  
along the latitudinal and temperature gradient at a broad spatial scale inside and outside of 867	
  
tropical borders (<33o of latitude) and to avoid speculative discussions of possible 868	
  
differences among Brazilian biomes and their particularities. See the author’s detailed 869	
  
response addressing comments 4 and 5 for Reviewer 2. 870	
  

4. There is still no solid and strong evidence to support the primary conclusion of non-significant 871	
  
or weak negative relationship of pCO2 and DOC in Fig. 3a and 4a. What I see is a strong 872	
  
relationship for pCO2 and DOC at DOC<10 region with high pCO2. In contrast, there is no 873	
  
relationship for low pCO2 region. The authors should separate these regions to see if there is 874	
  
spatial difference which can be explained by different biomes. 875	
  
4. Author´s response: This is not the purpose of our article. Our goal is only to provide 876	
  
evidence that the pCO2 x DOC relationship cannot be considered universal for any type of 877	
  
lake. However, we made the correlations according your suggestions and found non-878	
  
significant relationships between DOC and pCO2 for all data or only low latitude (<33o) 879	
  
lakes and significant relationships for those at high latitudes (>33o) in each DOC group 880	
  
(DOC > and < 10 mg L-1). With the exception of the Amazon only, we found non-significant 881	
  
relationships between DOC and pCO2 for all biomes. Therefore, even with these results, 882	
  
our claim that the relationship pCO2 x DOC is not universal for all types of lakes continues 883	
  
to be justified, thus supporting our conclusions. 884	
  

We included the next paragraph in the manuscript: 885	
  

“Even calculating the DOC-pCO2 relationship for two separate groups (DOC > and < 886	
  
10 mg L-1), the observed pattern was the same. We found non-significant relationships 887	
  
between DOC and pCO2 using all data or only low latitude (<24o) lakes (linear 888	
  
regression, p>0.05), and significant positive linear regressions for those at high latitudes 889	
  
(>24o) in each DOC group, despite low R2 values (R2 = 0.08 and 0.03, p<0.05 for DOC > 890	
  
and < 10 mg L-1 respectively). Non-significant relationships in each Brazilian biome, 891	
  
with exception of Amazonia, also confirmed the DOC independence of pCO2 in tropical 892	
  
lakes.” 893	
  

 894	
  
5. There is no evidence of temperature related issue for the relationship of pCO2 and DOC in 895	
  
tropical lakes to support authors’ point. The authors do not need to remove fig. 3b in the previous 896	
  
manuscript. Using Ln(pCO2) vs. temperature can explain the physical control of pCO2 over 897	
  
temperature (see Takahashi et al. (1993) published in GBC). The authors also can check the 898	
  
relationship between DOC and temperature in tropical/temperature lakes. If there is no 899	
  
relationship between DOC and temperature, latitudinal difference is more convincible than 900	
  
temperature difference. 901	
  
5. Author´s response: The control of temperature on pCO2 is not only a physical-chemical 902	
  
issue but also an issue of biological concern. In addition, latitude and temperature are 903	
  
highly autocorrelated, and DOC could be from aquatic or terrestrial primary producers, 904	
  
supporting a net CO2 sink or source. Because of these constraints and to determine the 905	
  
causes of fluctuation between DOC and pCO2 from our study design, we preferred to avoid 906	
  
speculative discussions and kept the focus on reporting general patterns. Thus, the aim 907	
  
here was to report a novel pattern of non-universal DOC- pCO2 behavior in global lake 908	
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waters after including tropical waters in the dataset, which reveals implications on the C 909	
  
cycling of inland waters along the latitudinal gradient. 910	
  

The correlation of temperature and log of DOC and temperature and log of pCO2 was 911	
  
showed in the figure 3 of paper disponible in the biogeoscience discussion, and removed 912	
  
after previous corrections. 913	
  

 914	
  
6. Suitable interpretation of the mechanisms controlling the weak relationship of pCO2 and DOC 915	
  
and its broad impact are recommended in discussion. 916	
  
6. Author´s response: We added more citations to address this but avoided unnecessary 917	
  
speculation. 918	
  

The text now reads: 919	
  

(Page 8, line 220) “Tropical conditions based on higher annual temperatures and solar 920	
  
incidence typically increase the aquatic primary productivity activity [Paerl and Huisman 921	
  
2008] that releases into waters the DOC produced by the CO2 uptake of algae and 922	
  
submerged plants [Staehr and Sand Jansen 2007], which can withstand a negative 923	
  
variation in the pCO2 with an increase in the DOC concentration [Marotta et al., 2010; 924	
  
2012; Hanson et al., 2015].”  925	
  

Minor comments: Gramma/sentence construction/spelling need attention. 926	
  
 927	
  
1. Line 48, “because of” should be “because”. 928	
  
1. Author´s response: We replaced “because of” with “because”. 929	
  

 930	
  

2. Line 79, “conducted a survey of pCO2…” should be “of pH, TA, and DOC”. Here pCO2 is 931	
  
calculated from pH and TA. Same as in line 87. 932	
  
2. Author´s response: We replaced “conducted a survey of pCO2…” by “conducted a 933	
  
survey of pH, TA, and DOC …” in both cases. 934	
  

 935	
  

3. Line 80, “0 to 33 °” should add “south”, same as in Line 83. 936	
  

3. Author´s response: We added the word “south” in both cases. 937	
  

 938	
  

4. Line 86, link ftp://geoftp.ibge.gov.br/mapas_tematicos/mapas_murais/biomas is invalid, 939	
  
should be “biomas.pdf”. 940	
  
4. Author´s response: We added “.pdf” in the link. 941	
  

 942	
  

5. Line 133, GF/F filter is 0.7 um, not mm. 943	
  

5. Author´s response: We changed “m” to “µ”. 944	
  

 945	
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6. Line 175, “(pCO2 = 45,70 ± 1,84 x DOC + 623,7 ± 18,83, R2= 0,12, p <0,0001, n = 4433),” I 946	
  
have no idea if it’s “pCO2 = (45,70 ± 1,84) x DOC + (623,7 ± 18,83)??? 947	
  
6. Author´s response: We corrected the formula:“pCO2 = 45,70 (± 1,84) x DOC + 623,7 (± 948	
  
18,83)” 949	
  

 950	
  

7. The authors wrongly replace decimal point with comma in a lot of places. Such as line 175… 951	
  
7. Author´s response: We revised the entire text. 952	
  

 953	
  

8. Fig. 1, font of coordinates is too small. Link is invalid. 954	
  
8. Author´s response: We changed the font and corrected the link to biome maps.  955	
  

 956	
  

9. pCO2 cannot be written as pCO2.  957	
  
9. Author´s response: We agree. 958	
  

 959	
  

10. Figure captions in support material are unclear. 960	
  

10. Author´s response: We corrected all figures. 961	
  

 962	
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