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Introduction
Policy target : Good Ecological Status
� “ Good Ecological Status ” requires defining “Good ”
� Usually referred to as “Reference”
Biological fact
� In the field usually multiple types of these sites
� From various water body types
� Hence, different Natural Species Compositions
� Here: a set of “Minimally Disturbed Sites ”
Problem definition for impact diagnosis elsewhere?
� Which issues relevant for derivation and use of MDS ?

Approaches
Input : collected (bio)monitoring data Ohio - fish
� Specific: O-EPA selected MDS’s
� # of MDS 259 or 944
Approach : Model species occurrence using “undisturbed” predictors
� Specific: RIVPACS-type modelling
� From: Utah State University (C. Hawkins)

http://www.cnr.usu.edu/wmc/htm/predictive-models/predictivemodelsoftware

� Predictors: see below
Explored : (1) Predictor set selection (small, large)

(2) Input conditions (all sites, high-IBI samples only)

General issues in MDS-modelling

Discussion and Implications
The facts
� reference sites exhibit themselves high biological variability
� this needs be addressed in eco-epidemiological analyses
� if not, the diagnosis (EPC example) will show real results 

– though with little practical signal for water management 
� best professional judgement can identify the MDS-sites
� …. but inspection of the local MDS-site data needed for diagnosis
� despite efforts so far, we did not (yet) succeed in maximum

limitation of species loss at MDS-sites (blue lines still too “steep”) 

The implications
� further works will focus on the probable causes of species

expected but missing at MDS-sites, maybe showing significant
natural events to be amongst the causes

Findings
The need : 
� we need, for local diagnosis of impacts and causes a good “anchor”
� that is: knowledge of expected conditions, per site
� this resembles something like “the universal meter” in physics

(be it with different clusters of water bodies, and natural variability)
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OhioFishRar15

Information Remaining (%)
100 75 50 25 0

SY0062-F
SY1965-F
SY1266-F
SY0523-F
SY2010-F
SY3116-I
SY3125-I
SY0630-F
SY2781-F
SY1698-I
SY1699-I
SY0906-F
SY0980-I
SY1562-F
SY2880-F
SY2889-F
SY0088-F
SY0105-F
SY0104-F
SY1301-F
SY1303-F
SY0631-F
SY1127-F
SY0812-F
SY1126-F
SY0645-I
SY2471-F
SY0734-F
SY2958-F
SY0506-F
SY1424-F
SY1920-F
SY2014-F
SY2015-F
SY2021-I
SY1988-F
SY1989-F
SY2008-F
SY2027-F
SY1564-I
SY1565-I
SY1601-F
SY3642-F
SY1602-F
SY1604-F
SY2833-F
SY3696-F
SY2849-F
SY0068-F
SY0072-F
SY2578-F
SY2632-F
SY3670-F
SY0527-F
SY0633-F
SY0680-F
SY0422-F
SY0423-F
SY0436-I
SY0810-F
SY0462-I
SY0505-F
SY1282-F
SY0624-F
SY0625-F
SY2045-F
SY2044-F
SY0537-F
SY1997-I
SY0608-F
SY3763-F
SY2020-I
SY2028-F
SY0517-F
SY0636-F
SY0780-F
SY0853-F
SY0739-F
SY0811-F
SY0861-F
SY0813-F
SY0876-F
SY1174-F
SY1277-F
SY0380-F
SY1298-F
SY2648-F
SY0820-F
SY2491-F
SY1167-F
SY1842-F
SY1843-F
SY2924-F
SY0437-F
SY2564-F
SY1539-I
SY2779-F
SY3626-F
SY3219-F
SY1093-F
SY1967-F
SY1168-F
SY3317-F
SY1962-F
SY3770-I
SY1969-F
SY3704-F
SY3228-I
SY0254-F
SY1339-F
SY0683-F
SY1410-F
SY1325-F
SY1336-F
SY1344-F
SY1603-F
SY2242-F
SY1605-F
SY1606-F
SY2009-F
SY2631-F
SY1856-F
SY2961-I
SY2967-F
SY2968-F
SY0320-F
SY1409-F
SY0621-F
SY1408-F
SY0557-I
SY1065-I
SY3308-F
SY1909-F
SY3499-I
SY1982-F
SY3579-F
SY1984-I
SY2037-I
SY1985-I
SY3588-F
SY3590-F
SY3596-F
SY1270-F
SY1983-F
SY3589-F
SY3595-F
SY3276-F
SY3287-F
SY3282-F
SY1383-F
SY3031-I
SY1968-F
SY3302-F
SY0407-F
SY2194-F
SY1996-F
SY3000-F
SY3633-F
SY1978-F
SY2755-I
SY0421-F
SY0790-F
SY0453-F
SY0464-F
SY1081-F
SY1085-F
SY0451-F
SY0458-F
SY1389-F
SY0628-F
SY1077-F
SY2011-F
SY1992-I
SY3674-F
SY0753-F
SY0762-F
SY0793-F
SY1214-F
SY3617-F
SY0736-F
SY1098-F
SY2216-F
SY0742-F
SY1993-I
SY1734-F
SY1739-F
SY1747-F
SY3441-F
SY0476-F
SY3772-F
SY0733-F
SY1995-F
SY2941-F
SY3258-F
SY3702-F
SY3108-F
SY3247-I
SY0501-F
SY1243-I
SY1406-I
SY3213-F
SY3243-F
SY1114-F
SY1179-F
SY1115-F
SY1116-F
SY0919-I
SY0932-I
SY1740-F
SY1748-F
SY2151-I
SY3391-F
SY3427-F
SY3440-F
SY1234-I
SY2063-I
SY2066-I
SY1473-F
SY3484-F
SY2050-I
SY2059-I
SY1614-I
SY2780-F
SY1844-F
SY2903-I
SY2785-F
SY3113-I
SY2782-F
SY3476-F
SY2993-F
SY0668-F
SY1059-F
SY0670-F
SY1977-F
SY0713-F
SY1118-F
SY1803-F
SY2727-F
SY3384-F
SY3502-F
SY3426-F
SY1966-F
SY2202-F
SY2723-I
SY0860-F
SY3675-F
SY1058-F
SY1072-I
SY1073-I
SY2754-F
SY3121-F
SY1080-F
SY3413-F
SY3123-F
SY1064-I
SY2749-F
SY1676-F
SY1683-F
SY3685-F
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SY0010-R
SY0340-R
SY0608-R
SY1218-R
SY2595-R
SY1298-R
SY2648-R
SY3660-R
SY0256-R
SY2868-R
SY0523-R
SY2010-R
SY1887-R
SY1939-R
SY1892-R
SY1902-R
SY0559-R
SY2838-R
SY1314-R
SY2008-R
SY2577-R
SY2027-R
SY2569-R
SY2573-R
SY1919-R
SY1920-R
SY2014-R
SY0645-R
SY2471-R
SY2015-R
SY1504-R
SY1508-R
SY1506-R
SY1095-R
SY1429-R
SY1160-R
SY2918-R
SY1235-R
SY1260-R
SY1422-R
SY1440-R
SY1294-R
SY1297-R
SY1301-R
SY1303-R
SY0239-R
SY0245-R
SY1281-R
SY1247-R
SY1385-R
SY1259-R
SY0463-R
SY1997-R
SY2005-R
SY0537-R
SY0541-R
SY0592-R
SY2044-R
SY2020-R
SY0624-R
SY0625-R
SY2045-R
SY2007-R
SY1988-R
SY2019-R
SY2028-R
SY0270-R
SY1424-R
SY1402-R
SY1416-R
SY0524-R
SY1338-R
SY1312-R
SY0506-R
SY0508-R
SY0521-R
SY0571-R
SY0272-R
SY0554-R
SY0557-R
SY0579-R
SY1330-R
SY1333-R
SY1341-R
SY2021-R
SY2046-R
SY0457-R
SY0469-R
SY1445-R
SY1491-R
SY0459-R
SY0460-R
SY0316-R
SY1236-R
SY2043-R
SY2221-R
SY2098-R
SY2128-R
SY2109-R
SY2099-R
SY0440-R
SY1987-R
SY1989-R
SY2004-R
SY0564-R
SY3724-R
SY0589-R
SY0598-R
SY0062-R
SY1393-R
SY1199-R
SY1573-R
SY1378-R
SY3331-R
SY1726-R
SY2070-R
SY0532-R
SY3653-R
SY0551-R
SY3723-R
SY0550-R
SY1213-R
SY2843-R
SY2844-R
SY0556-R
SY1374-R
SY0581-R
SY2835-R
SY0841-R
SY0959-R
SY3032-R
SY3765-R
SY0104-R
SY1127-R
SY2528-R
SY0575-R
SY0952-R
SY0631-R
SY0847-R
SY0878-R
SY1418-R
SY1415-R
SY0574-R
SY0812-R
SY1126-R
SY1130-R
SY0020-R
SY0522-R
SY2862-R
SY1151-R
SY1157-R
SY1158-R
SY0065-R
SY0091-R
SY0108-R
SY2546-R
SY0325-R
SY1610-R
SY1742-R
SY1816-R
SY2553-R
SY2608-R
SY3328-R
SY0094-R
SY2587-R
SY1139-R
SY2555-R
SY2370-R
SY2592-R
SY2599-R
SY2501-R
SY2526-R
SY3752-R
SY2560-R
SY2565-R
SY0230-R
SY0298-R
SY1956-R
SY3243-R
SY1135-R
SY3736-R
SY1140-R
SY1472-R
SY0501-R
SY0895-R
SY1371-R
SY1394-R
SY0894-R
SY0937-R
SY0054-R
SY2187-R
SY1234-R
SY0630-R
SY1186-R
SY2066-R
SY2076-R
SY2100-R
SY3492-R
SY0596-R
SY0616-R
SY1239-R
SY1922-R
SY1266-R
SY2324-R
SY0064-R
SY0526-R
SY3013-R
SY3705-R
SY0476-R
SY1334-R
SY0088-R
SY0105-R
SY0980-R
SY1851-R
SY1860-R
SY1115-R
SY1116-R
SY1179-R
SY0514-R
SY1395-R
SY0910-R
SY0911-R
SY0899-R
SY1246-R
SY1387-R
SY1187-R
SY2880-R
SY2895-R
SY0640-R
SY1737-R
SY1519-R
SY1617-R
SY1715-R
SY2657-R
SY3616-R
SY0082-R
SY1388-R
SY1243-R
SY0671-R
SY0997-R
SY1284-R
SY3771-R
SY3308-R
SY3313-R
SY3342-R
SY1564-R
SY1565-R
SY1602-R
SY1604-R
SY1632-R
SY2833-R
SY3696-R
SY2849-R
SY0032-R
SY0348-R
SY1295-R
SY0343-R
SY1103-R
SY1159-R
SY0350-R
SY2547-R
SY1136-R
SY0814-R
SY1430-R
SY0437-R
SY0484-R
SY1539-R
SY2779-R
SY3626-R
SY2563-R
SY2564-R
SY2568-R
SY0033-R
SY1597-R
SY0902-R
SY0906-R
SY1958-R
SY3315-R
SY2040-R
SY1167-R
SY1842-R
SY0737-R
SY1399-R
SY1930-R
SY2474-R
SY0243-R
SY3543-R
SY1894-R
SY3539-R
SY3564-R
SY0965-R
SY0971-R
SY2492-R
SY1615-R
SY1841-R
SY2658-R
SY0977-R
SY1562-R
SY1963-R
SY2734-R
SY0490-R
SY2901-R
SY0811-R
SY0861-R
SY1111-R
SY0860-R
SY1240-R
SY2000-R
SY2067-R
SY2097-R
SY2763-R
SY1549-R
SY1755-R
SY2154-R
SY2802-R
SY3726-R
SY0090-R
SY1862-R
SY1921-R
SY0430-R
SY2582-R
SY2551-R
SY2473-R
SY1178-R
SY1884-R
SY2482-R
SY2576-R
SY2523-R
SY0253-R
SY0286-R
SY1952-R
SY1955-R
SY1882-R
SY3577-R
SY0664-R
SY2567-R
SY2601-R
SY1959-R
SY1154-R
SY1300-R
SY3704-R
SY1437-R
SY0940-R
SY1879-R
SY0995-R
SY3659-R
SY1614-R
SY1783-R
SY1861-R
SY3578-R
SY3668-R
SY0198-R
SY0283-R
SY1270-R
SY3287-R
SY3337-R
SY0823-R
SY1914-R
SY3291-R
SY3302-R
SY3031-R
SY3068-R
SY3288-R
SY3297-R
SY3338-R
SY0233-R
SY1905-R
SY1906-R
SY3568-R
SY1071-R
SY2291-R
SY1075-R
SY3546-R
SY0593-R
SY1076-R
SY1982-R
SY2201-R
SY1601-R
SY1909-R
SY3394-R
SY3561-R
SY3579-R
SY3716-R
SY0585-R
SY0620-R
SY0619-R
SY2237-R
SY2338-R
SY2336-R
SY2286-R
SY2405-R
SY3750-R
SY1408-R
SY3590-R
SY1871-R
SY1875-R
SY1872-R
SY1873-R
SY1874-R
SY3588-R
SY1984-R
SY1985-R
SY2037-R
SY3548-R
SY3635-R
SY3585-R
SY3782-R
SY3713-R
SY3780-R
SY3587-R
SY3596-R
SY3592-R
SY3783-R
SY3636-R
SY3714-R
SY3781-R
SY0309-R
SY0320-R
SY1273-R
SY1409-R
SY0398-R
SY0698-R
SY3638-R
SY3637-R
SY2643-R
SY3610-R
SY0411-R
SY1854-R
SY0441-R
SY1934-R
SY1941-R
SY1937-R
SY1938-R
SY1877-R
SY1933-R
SY2453-R
SY3680-R
SY3751-R
SY0503-R
SY1059-R
SY0668-R
SY0670-R
SY1759-R
SY2649-R
SY1083-R
SY1101-R
SY1118-R
SY1190-R
SY1156-R
SY2107-R
SY1353-R
SY2213-R
SY2186-R
SY0835-R
SY1693-R
SY1646-R
SY1667-R
SY1691-R
SY3642-R
SY3655-R
SY3473-R
SY3521-R
SY3489-R
SY3516-R
SY0852-R
SY2125-R
SY1722-R
SY1444-R
SY1488-R
SY1723-R
SY1125-R
SY1603-R
SY2242-R
SY1676-R
SY1683-R
SY3685-R
SY1526-R
SY1556-R
SY1552-R
SY0254-R
SY1339-R
SY1025-R
SY1193-R
SY1250-R
SY1289-R
SY1325-R
SY1336-R
SY1343-R
SY1344-R
SY0634-R
SY0672-R
SY0709-R
SY0683-R
SY0722-R
SY1410-R
SY1501-R
SY1470-R
SY0364-R
SY0395-R
SY2604-R
SY2607-R
SY2631-R
SY2635-R
SY2611-R
SY2641-R
SY0632-R
SY2134-R
SY2026-R
SY2135-R
SY2033-R
SY2112-R
SY2126-R
SY0856-R
SY2009-R
SY1605-R
SY1606-R
SY1512-R
SY1513-R
SY1516-R
SY1537-R
SY0863-R
SY3018-R
SY3038-R
SY3064-R
SY3093-R
SY1856-R
SY2025-R
SY2962-R
SY2963-R
SY2961-R
SY2964-R
SY2967-R
SY2968-R
SY3010-R
SY0067-R
SY2955-R
SY1629-R
SY0492-R
SY2479-R
SY2614-R
SY1019-R
SY1764-R
SY3256-R
SY0235-R
SY0602-R
SY0610-R
SY0328-R
SY0431-R
SY2605-R
SY1859-R
SY0462-R
SY0682-R
SY0639-R
SY2572-R
SY0375-R
SY1024-R
SY0836-R
SY1023-R
SY0422-R
SY0423-R
SY0432-R
SY0436-R
SY0380-R
SY1818-R
SY2493-R
SY2504-R
SY2585-R
SY2629-R
SY1221-R
SY1969-R
SY3284-R
SY3285-R
SY3318-R
SY3770-R
SY3324-R
SY0607-R
SY1962-R
SY2534-R
SY2580-R
SY2588-R
SY1202-R
SY1925-R
SY2491-R
SY2480-R
SY2511-R
SY2517-R
SY2628-R
SY2578-R
SY2636-R
SY0215-R
SY2513-R
SY0530-R
SY2068-R
SY3746-R
SY0641-R
SY1990-R
SY0680-R
SY0872-R
SY1840-R
SY2051-R
SY0355-R
SY0562-R
SY2515-R
SY2613-R
SY0527-R
SY1274-R
SY2704-R
SY1584-R
SY2586-R
SY0365-R
SY2533-R
SY2609-R
SY0382-R
SY1222-R
SY3312-R
SY0238-R
SY0377-R
SY0548-R
SY2058-R
SY3670-R
SY1590-R
SY1849-R
SY1850-R
SY3321-R
SY0242-R
SY0588-R
SY0599-R
SY2632-R
SY3009-R
SY0519-R
SY0560-R
SY2602-R
SY1313-R
SY0684-R
SY0643-R
SY3722-R
SY0956-R
SY1585-R
SY2703-R
SY2760-R
SY2705-R
SY0505-R
SY0960-R
SY0712-R
SY1282-R
SY0685-R
SY0986-R
SY1201-R
SY3319-R
SY1635-R
SY3654-R
SY1434-R
SY3763-R
SY0078-R
SY1527-R
SY0578-R
SY2071-R
SY1678-R
SY2065-R
SY1232-R
SY1242-R
SY1980-R
SY1675-R
SY3495-R
SY0451-R
SY0458-R
SY1207-R
SY2483-R
SY2596-R
SY2598-R
SY2478-R
SY2516-R
SY2530-R
SY0840-R
SY1889-R
SY2715-R
SY1758-R
SY2038-R
SY2329-R
SY0252-R
SY1216-R
SY1226-R
SY2476-R
SY1257-R
SY2218-R
SY2206-R
SY2579-R
SY0573-R
SY1328-R
SY1475-R
SY3741-R
SY0868-R
SY1254-R
SY1994-R
SY1331-R
SY2687-R
SY2312-R
SY2318-R
SY0191-R
SY2562-R
SY0354-R
SY0358-R
SY2484-R
SY2525-R
SY2497-R
SY2610-R
SY2552-R
SY0249-R
SY2503-R
SY2532-R
SY0356-R
SY1880-R
SY2575-R
SY0386-R
SY2520-R
SY1093-R
SY1931-R
SY1967-R
SY1122-R
SY1183-R
SY0250-R
SY0352-R
SY1448-R
SY1881-R
SY2519-R
SY1141-R
SY1153-R
SY1447-R
SY2634-R
SY1886-R
SY1890-R
SY1901-R
SY0428-R
SY2495-R
SY0453-R
SY0477-R
SY0456-R
SY2127-R
SY2101-R
SY2508-R
SY2048-R
SY2049-R
SY2059-R
SY2054-R
SY2115-R
SY2088-R
SY2110-R
SY0478-R
SY2111-R
SY1748-R
SY1973-R
SY2006-R
SY2995-R
SY0219-R
SY1686-R
SY1754-R
SY1916-R
SY2708-R
SY0515-R
SY0518-R
SY2053-R
SY2060-R
SY2105-R
SY0790-R
SY1992-R
SY0273-R
SY0481-R
SY0479-R
SY2172-R
SY2266-R
SY2141-R
SY0421-R
SY1231-R
SY0509-R
SY2148-R
SY1588-R
SY1322-R
SY2412-R
SY0577-R
SY1377-R
SY1479-R
SY0496-R
SY1081-R
SY1481-R
SY1847-R
SY1848-R
SY0964-R
SY1144-R
SY2407-R
SY1054-R
SY1318-R
SY1181-R
SY1108-R
SY2396-R
SY0231-R
SY1431-R
SY0403-R
SY0407-R
SY0406-R
SY0990-R
SY0473-R
SY1271-R
SY1272-R
SY0474-R
SY0489-R
SY2804-R
SY0475-R
SY2196-R
SY0488-R
SY2808-R
SY2022-R
SY0216-R
SY2114-R
SY2711-R
SY2740-R
SY0534-R
SY0773-R
SY1853-R
SY0758-R
SY0826-R
SY2079-R
SY0533-R
SY0855-R
SY1852-R
SY0780-R
SY0837-R
SY0538-R
SY0547-R
SY0555-R
SY0757-R
SY0748-R
SY0779-R
SY0849-R
SY0772-R
SY2085-R
SY0829-R
SY1428-R
SY3283-R
SY0535-R
SY2561-R
SY0754-R
SY2211-R
SY0824-R
SY1855-R
SY2485-R
SY0778-R
SY1323-R
SY1654-R
SY1639-R
SY1656-R
SY2541-R
SY0580-R
SY1972-R
SY1077-R
SY1551-R
SY1752-R
SY3760-R
SY1751-R
SY1757-R
SY2011-R
SY1638-R
SY2780-R
SY1641-R
SY1648-R
SY0220-R
SY0247-R
SY0517-R
SY1264-R
SY0636-R
SY0764-R
SY0251-R
SY0269-R
SY0633-R
SY0434-R
SY1255-R
SY0449-R
SY2032-R
SY2003-R
SY0317-R
SY2846-R
SY3695-R
SY3762-R
SY1085-R
SY1267-R
SY2928-R
SY2036-R
SY2323-R
SY2851-R
SY0438-R
SY0846-R
SY0445-R
SY0454-R
SY2013-R
SY2016-R
SY2106-R
SY1766-R
SY1773-R
SY0244-R
SY2248-R
SY0450-R
SY0903-R
SY1067-R
SY1763-R
SY0464-R
SY1974-R
SY2103-R
SY3445-R
SY0472-R
SY0516-R
SY2858-R
SY0736-R
SY1092-R
SY1098-R
SY1497-R
SY0465-R
SY0529-R
SY0833-R
SY0739-R
SY0839-R
SY1277-R
SY1280-R
SY2246-R
SY2297-R
SY0572-R
SY1174-R
SY0832-R
SY1625-R
SY1541-R
SY3065-R
SY0439-R
SY1553-R
SY0771-R
SY0774-R
SY0844-R
SY0741-R
SY2102-R
SY1138-R
SY1993-R
SY1986-R
SY2096-R
SY1443-R
SY2189-R
SY0452-R
SY0791-R

Key issues for MDS-modelling :
� Model: RIVPACS (USU)
� Data: Ohio fish data 
� Parameters: No influence of man 

A ÛÛÛÛ B
Expert judgement         High Index of Biotic Integ rity

A

Input
Sites: 259
Expert judgment MDS
Parameters: 
- 5 ecoregions
- Latitude
- Longitude
- Slope
- Drainage area
- Flow
- 2 fishing methods
Output
- 15 MDS-clusters
- “bad” EPC 

(diagnosis), below

B

Input
Sites: 944
IBI ³ 46 (Good Quality)
Parameters: 
- Latitude
- Longitude
- Slope
- Drainage area
- Flow
- 2 fishing methods

Output
- 25 MDS-clusters
- further analysis MDS
- EPC-results (next poster) 
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RIVPACS model applied to MDS and non-MDS sites : species lost and Bray-Curtis deviation 
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-Species absent while expected
- Mis-fit of RIVPACS model
- Both for MDS and non-MDS
- Apparently, data from the MDS-selected sites not “stable”
- Cause? E.g. extreme weather events (Katrina, et cetera)
- Effect: diagnostically, only impacts superimposed o n the 
large natural variability can be indicated 

A

EPC-diagnosis: bad assignment
of impacts to causes (grey slices), 
related to variance in MDS-data

Making the “1874-alloy” of the “meter”

Fraction of Site-Year (n = 944 / 1602)
1

Y<0.2

Y>0.2
(unexpl.
Impacts)

UPSTREAM:
Urbanization phenomenon
Parameters: 
- Income
- Urban Land Cover
- Population density

LOCAL : Nitrogen (Total Kjeldahl)
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Impacts)

UPSTREAM:
Urbanization phenomenon
Parameters: 
- Income
- Urban Land Cover
- Population density

LOCAL : Nitrogen (Total Kjeldahl)

Y<0.2

Y>0.2
(unexpl.
Impacts)

UPSTREAM:
Urbanization and agriculture
- All nutrient predictors (live-stock, WWTP, …)
- All agricultural pesticide groups

Habitat: 
- upstream: # dams
- local: Channel, Pool, Riffle, Cover, Substrate

Y<0.2

Y>0.2
(unexpl.
Impacts)

UPSTREAM:
Urbanization and agriculture
- All nutrient predictors (live-stock, WWTP, …)
- All agricultural pesticide groups

Habitat: 
- upstream: # dams
- local: Channel, Pool, Riffle, Cover, Substrate

Gross issues associated to species absent while exp ected at MDS-sites:
��� � Upstream gross land use issues ( ������ �� ) and #dams ( ���� )

��� � For data-driven diagnosis, check MDS-data and variability


